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Abstract: Clarifying the relationship between land use and farmers’ sense of place on a micro scale is
significant for enriching the perspective of research on human-environment relationships. Therefore,
this paper analyzed land use change and the sense of place of farmers and further explored the
interaction between them in the Yangjuangou catchment of Liqu Town in Baota District, Shaanxi
Province from 1984 to 2020. The results indicated that: (1) the change in croplands was the most
significant, i.e., its share in the total area decreased by 40%, and the decrease in sloping fields was the
highest. The average relative altitude of croplands has decreased. The change in ecological land was
also more significant, showing an increasing trend. Overall, the exploitation of land resources has
declined; (2) the intensity of the sense of place of local farmers fluctuated downwards. The intensity
of place attachment and place dependence decreased, and the intensity of the place identity increased;
and (3) the decline in the intensity of the place attachment and place dependence promoted the
reduction of sloping fields, the growth of ecological land and abandoned fields. By comparison, the
increase in ecological land and check dam land promoted an increase in the intensity of place identity
for local farmers. This paper suggested that rural areas in the Loess Hilly and Gully Region should
strengthen innovation in land use patterns and focus on sustainability of farmers’ livelihoods, in
order to promote the harmonious development of human-environmental relations.

Keywords: land use; sense of place; catchment; Loess Hilly and Gully Region

1. Introduction

The Loess Hilly and Gully Region (LHGR) represents the core area of the Loess Plateau
in China, accounting for 33% of the total area of the Loess Plateau. It is an important area for
the transition of agriculture from farming to pastoral areas, as well as a densely populated
area in Northwest China [1]. Due to the loose loess texture, sparse vegetation, concentrated
and frequent extreme rainfall, LHGR has become one of the most serious regions for soil
erosion in China and globally [2-6]. It is full of dense gullies that are usually U-shaped or
V-shaped. The broken terrain and limited available area led to increased land reclamation
by local residents and the land became increasingly barren, forming a vicious circle. Over-
exploitation of natural resources has greatly damaged the ecological environment [7-9]. To
prevent environmental deterioration and improve production and living conditions in the
region, a number of ecological projects have been implemented since the founding of the
People’s Republic of China, including the check dam land Construction, the Comprehensive
Management of Small Watersheds (CMSC), the Grain for Green Project (GGP) and the Gully
Land Consolidation Project (GLCP). These projects had a significant impact on ecological
restoration, agricultural production and diversification of farmers’ livelihood.
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Small catchment areas are part of the River Basin System of the Loess Plateau. This
is the main region of human activities in the LHGR and occupies the most extensive
area [10]. Small catchments in the LHGR are often rural areas, so they are also typical rural
systems [11]. Small catchments include almost all geomorphic types of LHGR, which are a
source of soil and water loss on the Loess Plateau and the main region of return of farmland
to forest and ecological management [12]. The LHGR small catchments investigation is
also a response to China’s Rural Revitalization Strategy.

Land is not only a complex of natural resource, but also the main space carrier of
human activities [13,14]. Land use is the long-term or periodic management of land by
people, which has certain economic and social purposes [15,16]. Land use change is a
direct reflection of the interaction between human activities and the natural environment
on the land surface [17,18], which refers to the change in the quantity (area, proportion)
and spatial pattern of land use types, i.e., dominant morphology changes of land use tran-
sition [19]. Related research combining land use change has been extensively conducted,
which included the process, pattern, dynamic driving mechanism, and environmental
effects of land use change [20-29]. Among them were more abundant research on the
driving mechanism and environmental effects. The former mainly focused on the physical,
social, and economic driving forces of land use change [20-22], while the latter mainly
included the effects of land use change on hydrologic processes, climate change, and soil
carbon stocks [27-29]. Land use change has become an important concern in research
into global environmental evolution and sustainable regional development [30-32]. In
LHGR, the implementation of a series of development strategies has led to an intense
change in land use, and contradictions have been highlighted in the process of change. For
example, extensive land reclamation and severe soil erosion, return of cultivated land to the
forest and food security, leaving cultivated land and hollowing out of rural areas [33-36].
Therefore, the study of land use change is the focus of sustainable development in LHGR.

For centuries, human beings have had rich feelings for land. In rural regions, the land
is not only the carrier of rural residents’ emotion, but also the ultimate material guarantees
of farmers’ livelihood. The emotional connection between humans and land is called the
sense of place in geography [37-39]. The sense of place is people’s value and the cognition
of land that comes from the interaction between people and the land and that is constantly
evolving and changing [40,41]. The sense of place is in line with the people-oriented
concept, which is an essential idea of human geography and can help people to further
explore the social and cultural process of changing rural land use [42]. Referring to relevant
research by domestic and foreign scholars [43,44], this paper will explore the change in
sense of place from three dimensions, including place identity (PI), place dependence (PD)
and place attachment (PA). PI represents people’s recognition of the affections of local
natural and cultural features on individual development. PD represents the recognition
of local production and living functions by people, while PA represents the emotional
attachment of human beings to the land [45,46].

Research on the sense of place is more abundant in Western countries and has become
one of the important theories of geography. Research includes environmental science, land
use change, rural development, urban research, leisure tourism, economic geography and
other fields [42,44,47-49]. For example, Soini et al. used the concept of sense of place to
investigate the relationship between people and landscape on the rural-urban fringe of
Nurmijérvi in southern Finland [42]. Tapsuwan et al. predicted resident’s intention to
accept or reject land use planning decisions and groundwater policies by studying the sense
of place (including notions of identity, attachment and dependence) of social groups living
in Perth for many years [44]. Cross et al. believed that the place identity, the conservation
ethic and economic dependence are distinct dimensions of the sense of place among
the agricultural landowners, which can be used to predict the adoption of conservation
easements. Chinese scholars have begun to focus on the sense of place of rural residents
since the 21st century [49]. Xue et al. assessed the similarities and differences between
land-lost and normal farmers’ sense of place in land dependence and local attachment
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under the background of land circulation in Weibei Upland of Shaanxi Province [50]. Zhu
et al. took Guangzhou's “Artist Village”, Xiaozhou Village, as an example and assessed
the evolution of the identities of local villagers and newcomer artists in the context of
Guangzhou'’s urban spatial transformation [51]. In comparison, our knowledge of rural
development from a comprehensive perspective of sense of place and land use remains
weak, especially in LHGR.

In view of this, this study aims to analyze land use change and the sense of place of
farmers and investigated the interaction between them in the Yangjuangou catchment of
Liqu Town in Baota District, Shaanxi Province, where the relationship between people and
environment has changed significantly. The research years selected in the study were 1984,
1998, 2012 and 2020, combined with remote sensing images and the different engineering
impacts on land use. The study will provide a scientific reference for ecological construc-
tion, rural revitalization and harmonious development between people and environment
in LHGR.

2. Materials and Methods
2.1. Research Design

This study was conducted as follows: (1) analysis of land use changes in the catch-
ment based on remote sensing images during different periods. Cropland has the closest
relationship with local emotions of farmers, so the evolutionary characteristics of the type
structure, relative altitude and abandoned degree of cropland were analyzed. Furthermore,
the degree of land use of the entire catchment was quantitatively analyzed in order to
comprehensively evaluate the land use; (2) quantitative analysis of the sense of place from
the perspective of PI, PD and PA; and (3) interaction between land use and sense of place,
conducting a comprehensive study on the interaction between land use and sense of place
based on quantitative data on land use and sense of place.

2.2. Study Area

The Yangjuangou catchment is located 14 km east of Yan’an city, with an area of
2.64 km?. The study region is the secondary branch gully of the Yanhe River and the primary
tributary of the Nianzhuanggou catchment. The loess soil is the main soil developed from
the loess parent material. It has loose and uniform texture and high erodibility. The area is
crossed with gullies, and the gully density is 2.74 km/km?, the altitude of the area is from
1050 m to 1295 m [52]. The construction of the check dam land caused to some extent a
change in the shape of the valley, including a decrease in the vertical gradient of the channel,
an increase in the base level of erosion and a decrease in the relative altitude difference.
The catchment has a semiarid continental monsoon climate. The average multi-annual
precipitation is 535 mm and it is mainly concentrated from July to September, accounting
for more than 60% of total annual precipitation [53]. The total annual solar radiation is
5800 KJ cm 2, the annual sunshine is 2563 h, and the mean annual temperature is 9.4 °C.
Artificial Robinia pseudoacacia is the main vegetation in the area (Figure 1).

In 2020, there were 186 registered inhabitants, with about 40 permanent residents with
average age of over 45. The average income of each household was about 30,000 CNY.
Check dam land and terraces were the main types of croplands with the main crops of
foxtail millet, corn and potatoes. The main types of land use were forests, shrubs, grass-
land, check dam land and terraces. Considering the following reasons, the Yangjuangou
catchment was selected as the case study area: (1) the Yangjuangou catchment, a traditional
agricultural village, is characterized by a large number of labor migrations, rural hollowing
and aging, which can be considered a microcosm of many rural areas in LHGR; (2) since eco-
nomic reforms and open door policy, the catchment has experienced a number of ecological
and livelihood projects, including the check dam land Construction, the Comprehensive
Management of Small Watersheds, the Grain for Green Project, the Gully Land Consoli-
dation Project, and the Village Combination Project!. As a result, there have been major
changes in the natural and cultural landscape of the case study area; and (3) the research
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team has been conducting continuous field observations and household surveys in the
catchment since 2012, so the context of the catchment development is clearly understood.
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Figure 1. The geographical location and DEM of the study area. (a) Location of the Loess Plateau; (b) location of the study
area; (c) boundary and altitude of the study area.

2.3. Data Sources and Preprocessing
2.3.1. Sources of Land Use Data

Land use data were obtained from remote sensing images, and data sources selected
in the study include: (i) aerial photograph with a resolution of 100 m from 1984, (ii) satellite
images of Google Earth with a resolution of 15 m from 1998, and (iii) high-resolution
satellite images of Google Earth with a resolution of 2 m from 2012 and 2020. ArcMap
10.2 software was used to perform geometric rectification, coordinate registration, visual
interpretation, image vectorization, while verification and correction of obtained data
can be performed by field investigation. Further, ArcScene 10.2 was used to create a
three-dimensional land use map through overlapping vector land use data and Digital
Elevation Model data, which can clearly show the land use evolution in hilly areas. Image
interpretation from 1984 and 1998 was combined with the participation of the villagers
due to the poor quality of images. Based on the criteria for classifying land use in China
and the actual land use characteristics in the study area, land use types were divided into
thirteen second-class types, including check dam land, terraces, sloping fields, abandoned
fields, forests, shrub land, grassland, industrial and mining land, hydraulic land, rural
residential land, rural roads, water and bare land, which were merged in four one-class
types, including ecological land, croplands, construction land, and bare land (Table 1).
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Table 1. Classification of land use types of the study area.

One-Class Types Second-Class Types

Specification

Refers to big arbor, middle arbors and small

Forests
arbors
Ecological land Shrub land Refers to natural shrub, artificial shrub
Grassland Refers to natural grassland, artificial grassland
Water Refers to rivers, reservoirs, pond
Sloping fields Refers to croplands on slope over six degrees
Terraces Terraces are a series of flat areas built like steps
on the side of a hill
Croplands Refers to farmland from silting up soil in a
gully by the silt dam and farmland from filling
check dam land the gully with soil removed from the gentle
slopes of gully or steep hills with slip risk by
the GLCP
Abandoned fields Refers to farmland that was abandoned over
12 months
. . Land for rural residents to build houses and
Rural residential land . . O
life ancillary facilities
Roads serving rural residents for production
Construction land ~ Rural roads and life
Industrial and mining Land for industry, mining, warehousing and
land poultry farming
. Land for flood protective bank, flood discharge
Hydraulic land trench and othgr water conservancy facili’ciesg
Bare land Bare land Refers to barren lands and exposed rock land

2.3.2. Estimation of the Relative Altitude of Croplands

Digital Elevation Model (DEM) data were obtained from the website of Geospatial
Data Cloud in China (http:/ /www.gscloud.cn/ (accessed on 31 July 2021)), with a spatial
resolution of 30 m. The Raster to Point tool of ArcMap 10.2 was used to extract the elevation
of the center point of each grid in DEM data. Then, the ArcMap 10.2 spatial analysis tool
was used to assign land class attributes to each point with elevation value, by connecting
the point date with vector land use data. Then, the average altitude of each type of cropland
will be calculated. The difference between the average altitude of cropland and the average
altitude of gully was considered as the relative altitude of each type of cropland. The check
dam land is located in the gully, so the relative altitude of the check dam land is considered
as zero.

2.3.3. Land-Use Degree Index

Land-use degree was used to analyze the extent of land use. It can not only quantita-
tively reveal the natural properties of land, but also reflect the interaction between human
activities and the natural environment [54]. Based on a comprehensive method of land-use
degree analysis developed by Prof. Liu Jiyuan et al. [55], the land-use degree is divided
into four degrees depending on the stable condition of the land affected by nature and
human society, and given a grading index (Table 2). Comprehensive quantified indices of
land-use degree are derived from mathematical synthesis of these four degrees and the
formula is as follows: ;

La =100 x )_ Pix Qi (1)
i=1
where, La is a comprehensive quantified index of land-use degree (LUDI), Pi is the grading
index of i land-use degree and Qi is the percentage of area of i land-use degree.
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Table 2. The standard of dividing land use degree.
Ttems Unused Natural Artificial Rural-Urban
Land Regeneration Land Regeneration Land Construction Land
Degree index 1 2 3 4
forests, shrub land, . hyd.rauhc lan.d,.
Land-use check dam land, industrial and mining
bare land grassland, water, . X
pattern sbandoned fields terraces, sloping fields land, rural roads, rural

residential land

2.3.4. Data Sources and Quantitative Analysis of the Sense of Place

Data on the sense of place were collected by a questionnaire survey. The questionnaire
included basic information about the respondents, PI, PD and PA, and each dimension
of the sense of place included different variables. A 5-point Likert scale was applied to
quantify the sense of place. For each variable, 5 meanings were used as follows: 5 means
“strongly approve”, 4 means “approve”, 3 means “neutral” attitude, 2 means “disapprove”
and 1 means “strongly disapprove”. Each variable was scored by the respondents. We
conducted a questionnaire survey lasting three days from 30 April to 2 May 2018, while
a change in the intensity of the sense of place before 2018 was taken. However, due to
the impact of COVID-19, data in 2020 were obtained through online questionnaire and
telephone interviews. The average time required to complete each questionnaire was
about 1 h. A total of 20 households from Yangjuangou village or the new rural community
were selected for the questionnaire survey. Due to the similarity of sense of place among
family members, one respondent was involved in each household. Eventually, 20 valid
questionnaires were collected. The respondents selected in this study were older than
40 years, so they can provide a clear picture of the development of the catchment in the
past 30 years. Moreover, in the process of analysis, we confirmed the information with
village cadres and villagers over the telephone many times to ensure the accuracy and
reliability of the data.

Data from the questionnaire survey were assessed for reliability. The Cronbach’s o
value was applied to evaluate the reliability of the data by SPSS 22.0 statistic package, with
the higher value representing the better reliability. If the value is greater than 0.7, the data
reliability is good. The test showed that four variables reduced the overall reliability of
the scale, namely the identity degree of local culture of PI, neighbors” dependence of PD,
growth memory attachment and place rootedness of PA. The standardized Cronbach’s
value of the three dimensions ranged from 0.708 to 0.950 after the removal of these four
variables, suggesting that the reliability of each dimension became good (Table 3).

Table 3. The reliability of each dimension of the sense of place.

Cronbach’s Standardized Cronbach’s &
2020 2012 1998 1984 2020 2012 1998 1984

place identity 0.850 0.842  0.789 0.706 0.847 0.846 0.789  0.708
place dependence 0939  0.837 0.715 0.720 0.942 0.851 0.726  0.730
place attachment 0941 0903  0.830 0.817 0.950 0.912 0.833  0.852

Items

Finally, each dimension of the sense of place consisted of four variables. PD included
dependence on natural resources, land production dependence, living dependence and
lifestyle dependence. PA included social attachment, a sense of belonging to the material
environment, a sense of familiarity with the material environment, and attachment to
the local culture. PI contained the residents’ recognition of beautiful natural landscape,
agricultural productive conditions, rural infrastructure and standardized rural manage-
ment system. The arithmetic means of the scores of all variables were calculated as an
index of different items of the sense of place. According to the rule of Likert scale, the
average values can be divided into three types: (i) the intensity of the sense of place for the
respondents was negative (0~2.5), (ii) the intensity of the sense of place for the respondents
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was intermediate (2.5~3.5) and (iii) the intensity of the sense of place for the respondents
was positive (3.5~5).

3. Results
3.1. Land Use Changes

During the study period, the application of ecological engineering significantly pro-
moted the optimization of land use structures and the improvement of ecological environ-
ment in the study area (Figure 2). The change in croplands was the most significant, with a
decrease of 83.39 ha, and its share in the total area decreased from 46.92% in 1984 to 15.33%
in 2020. These changes were mainly due to the reduction of sloping fields from 30.92%
in 1984 to less than 0.1% in 2020 due to the GGP. The growth of ecological land was the
largest, with an increase of 81.19 ha, and its share in total area increased from 51.27% in
1984 to 82.02% in 2020. Among them, the percentage of forests in the total area increased
the most from 11.06% in 1984 to 66.01% in 2020. In addition, the area of construction land
increased by 5.45 ha, and its share in the total area increased from 0.49% in 1984 to 2.56%
in 2020. The area of bare land decreased by 3.25 ha. Land use changes were analyzed for
different periods (Table 4).

In the CMSC period (1984-1998), the reduction of croplands was the highest with a
decrease of 27.60 ha, and its share in the total area decreased by 10.45%. Among them, the
sloping fields decreased the most by 36.68 ha due to farmers who voluntarily returned the
sloping fields to the forests. The area of terraces and check dam land increased by 7.31 ha
and 1.77 ha, respectively. The growth of ecological land was the highest, with an increase
of 27.02 ha, and its share in the total area increased by 10.23%. This was mainly due to the
growth of forests, which had an increase of 19.89 ha. The change of construction land and
bare land was not particularly significant.

1984

Terraces
W Check dam land
Sloping fields
I Forests
[ Shrub land
Grassland
Water
! Bare land
B Rural roads
B Rural residential land

0 02 O.im

2012
Terraces \
I Check dam land
Sloping fields
Abandoned fields
I Forests
I Shrub land
Grassland
Water
| Bare land
Bl Rural roads
I Rural residential land
Industrial and mining land
I Water conservancy facility land

0 02 0'%

(©)

1998

Terraces
I Check dam land
Sloping fields
B Forests
I Shrub land
Grassland
Water
[ Bare land
I Rural roads
I Rural residential land

0 02 0.1\]“

2020
Terraces 3

P Check dam land
Sloping fields
Abandoned fields

I Forests

I Shrub land
Grassland
Water

[0 Bare land

B Rural roads

I Rural residential land
Industrial and mining land

B Water conservancy facility land

0 02 0.-*(‘“

(d)

Figure 2. Land use types of the study area in 1984 (a), 1998 (b), 2012 (c) and 2020 (d).
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Table 4. Area of land use types in the study area from1984 to 2020 (ha).

Types 1984 1998 2012 2020
Check dam land 5.12 6.89 6.87 16.44
Sloping fields 81.65 4497 0.97 0.09
Terraces 37.10 44.41 29.21 5.22
Abandoned fields — — 2.97 18.73
Grassland 36.89 42.52 25.67 8.39
Shrub land 68.92 70.47 42.90 33.50
Forests 29.19 49.08 150.40 174.29
Water 0.37 0.32 0.42 0.38
Rural roads 1.06 0.74 0.75 0.98
Industrial and mining land — — 0.51 3.12
Hydraulic land — — 0.25 0.09
Rural residential land 0.26 0.31 0.91 2.58
Bare land 3.47 4.32 2.20 0.22

In the GGP period (1998-2012), the reduction of croplands was still the highest with a
decrease of 56.25 ha, and its share in the total area decreased by 21.30%, mainly due to a
significant reduction of sloping fields. The area of sloping fields decreased by 44 ha. The
increase in ecological land was still the largest, with an increase of 57 ha, and its share
in the total area increased by 21.59%. Therefore, the ecological benefits of the GGP were
significant. In addition, the area of bare land reduced by 2.12 ha. The area of construction
land increased by 1.37 ha due to the expansion of rural residential and industrial and
mining lands, and a chicken farm was constructed on terraces in 2010.

In the GLCP period (2012-2020), the area of ecological land decreased by 2.83 ha, due
to the conversion from shrub land and grassland into check dam land, rural residential
land and industrial and mining land. However, the forest area increased significantly, with
an increase of 23.89 ha. In the same period, croplands increased by 0.46 ha. Among them,
the increase in the check dam land area was the largest with an increase of 9.77 ha. For
comparison, the reduction of terraces was significant, with a reduction of 8.44 ha, due to
the conversion from terraces to shrub land and forests. However, the abandonment of crop-
lands became more frequent and abandoned fields reached 18.73 ha in 2020. In addition,
the area of construction land increased by 4.35 ha, while the area of rural residential land
and industrial and mining land increased by 1.67 ha and 2.61 ha, respectively. At the same
time, bare land decreased by 1.98 ha.

3.2. Characteristics of the Evaluation of Croplands

In terms of different types of land use, the changes in croplands were the most typical
and were reflected in changes in area, structure and spatial distribution. It was noteworthy
that the abandonment of croplands in the study area became widespread, and agricultural
production became more depressed. The share of crops area in the total area decreased
from 46.17% in 1984 to 8.23% in 2020. Moreover, the evolution of croplands is a direct
reflection of the sense of place of farmers on the land and is closely linked to sustainable
livelihoods of rural residents. Therefore, the evolutionary characteristics of croplands will
be analyzed in detail from the aspect of the structure of cropland types, relative altitude
and abandonment of croplands (Figure 3).

At the beginning of the study period, the Yangjuangou catchment was characterized
by a traditional way of extensive cultivation. The total area of croplands was 123.87 ha, and
sloping fields were the main type of croplands, which accounted for 65.92% of the total area
of croplands. The sloping fields were mainly distributed on the top of a hill, slope of a hill,
steep slope of a gully and gentle slope of a gully, with an average relative altitude of 66.95 m,
which was the highest in investigated period. Secondly, the terraces, with an average relative
altitude of 41.13 m, accounted for 29.95% of the total area of croplands. They were relatively
fragmented and mainly located on gentle slope of the gully. The check dam land accounted
for only 4.03% of the total croplands area and was mainly located in the north of the gully.
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Grain yield per unit area of the sloping fields was less than one-third of that of the
check dam land, and poor soil and water conservation performance of the sloping fields
would affect crop yields. During the CMSC period, farmers spontaneously returned the
sloping fields to the forests in 1987 and 1990, which were relatively far from the villages
and located on steep slopes of hills and gullies. In addition, the check dam land in the
middle of gully was renovated, and the sloping fields at low altitude were turned into
terraces. In 1998, the total area of croplands decreased to 96.27 ha, and the sloping fields
accounted for 46.71% of the total croplands. However, sloping fields were still the main
type of croplands, and they were mainly distributed on the top of a hill, where the slope is
gentle and the soil erosion is not intensive, so the average relative altitude of sloping fields
increased by 12.80 m. The percentage of terraces in the total croplands increased to 46.13%,
and the average relative altitude of terraces decreased by 7.4 m, because terraces at high
altitude were returned to ecological land. The percentage of the check dam land in the total
croplands was increased to 7.16%.

With the implementation of the GGP, the total area of croplands was reduced to
40.02 ha in 2012. Terraces have become the main type of croplands, and the percentage of
terraces in the total croplands has increased to 72.99%, while the average relative altitude
of terraces has decreased by 10.94 m due to the abandonment of terraces at higher altitude.
The proportion of the check dam land in the total croplands has been increased to 17.17%.
In contrast, the percentage of sloping fields in the total croplands decreased to 2.42%, the
average relative altitude of the sloping fields decreased by 56.99 m, which was lower than
the altitude of the terraces and was mostly located on the toe of the slope with low and
gentle terrain. Abandonment of croplands occurred in 2012, which accounted for 7.42% of
the total croplands. In particular, the abandoned terraces and the abandoned check dam
land accounted for 87.21% and 12.79% of the total abandoned fields, respectively.

The GLCP was implemented in 2013 in the study area, so check dam land in the
middle of the gully with flat terrain was significantly increased. In addition, the check dam
land with poor farming conditions in the northern gully was renovated. In 2020, the total
area of croplands increased to 40.48 ha, check dam land became the main type of croplands,
and the percentage of the check dam land area in the total croplands area increased to
40.61%. However, the percentage of terraces in the total area of croplands decreased to
12.90% and its average relative altitude decreased by 12.87 m, due to the fact that some
terraces at higher altitude were abandoned. In addition, the percentage of sloping fields
in the total croplands decreased to 0.22%, and the average relative altitude decreased by
14.29 m. In the later period of the study, 46.27% of croplands were abandoned. In particular,
the percentage of abandoned terraces in all abandoned fields increased to 96.88%. The
sown terraces are wide terraces with good farming conditions and close to the residence.
The percentage of abandoned check dam land in the total abandoned fields decreased to
3.11%, which was mainly located in the northern gully far from the residential area.

(m)
90

79.75 M Sloping fields
M Terraces

80
70
60

22.76 2279

1984 1998 2012 2020

Figure 3. Average relative altitude of croplands from 1984 to 2020.
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In general, guided by ecological restoration strategies, the study area has changed
from an extensive cultivation phase to a terrace-dominated cultivation mode, and finally
to a cultivation mode dominated by check dam land. In addition, the relative altitude of
croplands has decreased. These changes reflected an effective improvement in ecological
management and agricultural production conditions in LHGR. However, the abandonment
of croplands reflected the change in farmers’ livelihood from living on the land to working
outside, i.e., the land was no longer the main source of farmers’ livelihood.

3.3. Change of Land Use Degree

LUDI of Yangjuangou catchment decreased by 30 during the study period, which
indicated that the availability of natural land attributes has improved, i.e., the exploitation
of land resources has declined (Figure 4). From 1998 to 2012, the rate of decline of LUDI
was the fastest, with an average annual decline of 1.43, mainly due to the accelerated
reduction of croplands with a higher land use degree under the influence of the GGP. In
addition, from 1984 to 1998, LUDI declined rapidly, with an average annual decline of 0.78,
mainly due to the conversion of sloping fields into ecological land under the influence of
the CMSC. From 2012 to 2020, LUDI declined slightly, with an average annual decline of
0.25, indicating that increasing attention was gradually being paid to the rational use of
land resources. Although the abandonment of croplands was most severe from 2012 to
2020, the GLCP significantly increased the check dam land area with better production
conditions, while rural residential land and industrial and mining land with the highest
land use degree has increased due to improved rural infrastructure. Therefore, the rate
of decline in land use degree has slowed in this period. Overall, the decline in land use
degree was mainly the result of the reduction of croplands due to ecological projects and
the abandonment of croplands because of the increased migration of farmers.

250.0

246

Index

240.0 -
235

230.0

2200

215
213

210.0 -

190.0

1984 1998 2012 2020

Figure 4. Comprehensive quantified index of land-use degree in the study area from 1984 to 2020.

3.4. Interpretation of the Change of Sense of Place

The intensity of the sense of place of local farmers showed a fluctuating declining
trend during the study period (Figure 5). From 1984 to 1998, the sense of place index
decreased by 0.19, mainly due to a decrease in PD and PA, which accounted for 77.65%
and 22.35% of the decrease, respectively. However, the average value of Pl increased by
0.28. From 1998 to 2012, the total value of the sense of place increased by 0.04, mainly
due to an increase in the average value of PI, which increased by 1.27. In comparison, the
average value of PD and PA decreased by 0.72 and 0.42, respectively. From 2012 to 2020,
the decline in the total value of sense of place was the largest with 0.25. The decrease in
PD and PA accounted for 80.15% and 19.85% of the decrease in the sense of place, yet the
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average value of Pl increased by 0.61. We provide a detailed analysis of the changes in
each dimension of the sense of place in the following subsections.

5.0

45

4.0

35

3.0
25
2.0

15 |
== P]

1.0 == PI
=o=sense of place

0.5 o= PA

0.0

1984 1998 2012 2020

Figure 5. Intensity index of the sense of place of local farmers. PI = Place identity; PD = Place
dependence; PA = Place attachment.

3.4.1. Changes in the Place Dependence Index

The PD index decreased the most, from 4.71 in 1984 to 2.24 in 2020, which indicated
that the intensity of PD of local farmers has changed from positive dependence to negative
dependence. Four variables of PD showed a declining trend (Figure 6). Among them
was a significant decrease in the indices of natural resources dependence, land production
dependence and living dependence, which decreased by 2.86, 2.64 and 2.54, respectively,
and changed from positive dependence to negative dependence. However, the index of
lifestyle dependence declined slightly and changed from positive dependence to interme-
diate dependence.

The decline in PD of local farmers was mainly influenced by natural and human factors,
such as policy implementation, market economy, and natural disasters. In particular, the
GGP banned farmers from exploiting ecological resources, which was one of the key
factors in the decline in dependence on natural resources. The decline in land production
dependence was influenced not only by ecological projects, but also by market economy
factors. On the one hand, ecological projects have promoted the transformation from a large
number of sloping fields into ecological land, which has changed the source of livelihood
for farmers. On the other hand, rising costs of agricultural production have encouraged an
increasing number of rural workers to start working in the non-agricultural production
sector, leading to marginalization and abandonment of croplands. In addition, farmers’
confidence in the development of planting industry has been affected by extreme weather
conditions and other natural disasters. Through household interviews, we learned that
almost all crops on terraces were destroyed in 2013 due to extreme rainstorms, so many
farmers decided to migrate. Moreover, the number of wild animals has increased due to
ecological restoration, which has a negative impact on the crops on the terraces, leading to
more rural residents deciding to abandon the terraces. The widespread abandonment of
croplands was the visual response of the decline in land production dependence. Decline
in living dependence was affected by rural labor migration and the Village Combination
Project in 2013. The index of lifestyle dependence decreased, as farmers gradually adopted
a new concept of life, with rural inhabitants going out to work and moving to cities
and towns.



Land 2021, 10, 810

12 of 19

6.0
b
=
]
-
50
40
3.0
NRD
20 LPD
e [
LSD
1.0 + = PD
0.0
1984 1998 2012 2020

Figure 6. Intensity index of the place dependence of local farmers. NRD = Natural resources depen-
dence; LPD = Land production dependence; LD = Living dependence; LSD = Lifestyle dependence;
PD = Place dependence.

3.4.2. Changes in the Place Attachment Index

The PA index decreased from 4.69 in 1984 to 3.81 in 2020, and its intensity remained
positive. Four variables of PA decreased and among them, the value of the index of social
attachment decreased the most (Figure 7). Then, the sense of belonging to the material
environment and the sense of familiarity with the material environment decreased by 0.97
and 0.94, respectively. The index of attachment to the local culture decreased by only 0.44.
The intensity of the other three variables was positive, except that the intensity of the sense
of belonging to the material environment has changed from positive to intermediate.
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Figure 7. Intensity index of the place attachment of local farmers. MEFS = The sense of familiar-
ity with the material environment; MEBS = The sense of belonging to the material environment;
SA = Social attachment; LCA = Attachment to the local culture; PA = Place attachment.

The change in PA reflected the contradiction of psychological changes of farmers. On
the one hand, if farmers have certain abilities or life pressure, they decide to engage in the
non-agricultural industries with higher incomes. On the other hand, the land is still very
important for the rural residents, as it is the ultimate guarantee for farmers’ livelihood.
According to the field investigation, local farmers believed that when they are too old and
could not to go out to work, they still wanted to rely on the land to survive. This is in line
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with the Chinese cultural tradition of attachment to the homeland, i.e., although farmers
are busy working far from home, they still have a strong topophilia. Therefore, although
the intensity of PA of local farmers decreased, it was still positive.

3.4.3. Changes in the Place Identity Index

The PI index increased from 1.33 in 1984 to 3.49 in 2020, indicating that the PI intensity
of farmers changed from negative to intermediate. Four variables of PI increased (Figure 8).
Among them, the residents’ recognition of beautiful natural landscape and agricultural
productive conditions increased by 2.76 and 2.48, respectively. The residents’ recognition
of rural infrastructure and standardized rural management system increased by 1.83 and
1.54, respectively. The intensity of all variables changed from negative to intermediate.

The improvement in PI intensity was mainly the result of the promotion of ecological
projects. The increase in the residents’ recognition of beautiful natural landscape has been
the most significant since 1998. It can be seen that the GGP has an obvious positive effect
on ecological restoration and farmers have unanimously recognized it. In addition, the
agricultural production conditions of the catchment have been significantly improved. In
particular, the GLCP has significantly promoted the growth of the check dam land with
high-yield, so the rate of increase in the residents’ recognition of agricultural production
conditions was the highest from 2012 to 2020. Moreover, with social progress and increased
government investment in rural construction, the residents’ recognition of rural infrastruc-
ture and the standardized rural management system has improved, but had intermediate
value at the end of the study period and still needs to be improved.
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Figure 8. Intensity index of the place identity of local farmers. BNLR = The recognition of residents on
beautiful natural landscape; SRMSR = The recognition of residents on standardized rural management
system; APCR = The recognition of residents on agricultural productive conditions; RIR = The
recognition of residents on rural infrastructure; PI = Place identity.

4. Interaction between Land Use and the Sense of Place of Farmers

The sense of place of farmers is an inherent expression of the relationship between
humans and environment in traditional society [56-58]. There is an interaction between
farmers’ sense of place and land use (Figure 9), which we have qualitatively evaluated
based on a quantitative change in the sense of place and land use.

As a living space, the change of land in the relationship between humans and environ-
ment is dominated by a change in the sense of place of humanity [50]. Prior to the 1980s,
livelihoods of the rural residents were tied to a land and characterized by subsistence
agriculture. Therefore, the main land use patterns in the study area had long been sloping
tields influenced by the strong intensity of PD and PA of local farmers. Then, the intensity
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of PD and PA of local farmers gradually decreased due to the deterioration of the natural
environment and low comparative benefit of agricultural production, which promoted the
conversion of sloping fields to ecological land in the period of the CMSC. During the GGP
period, PD and PA of local farmers further declined due to the GGP financial subsidies
aimed at converting more sloping fields into forests. In addition, natural disasters have
accelerated the reduction of PD and PA of local farmers. The confidence of local farmers in
the development of agriculture has been undermined by natural disasters, and an increas-
ing number of rural workers decided to migrate, leading to the abandonment of check dam
land and terraces with poor production conditions. Moreover, the Village Combination
Project also led to the decline of PD and PA of local farmers, and more croplands were
abandoned. In the end, the terraces with better cultivation conditions were abandoned.

Under the influence of land use changes, farmers reconsider the land, which affects
the sense of place of farmers. Ecological and livelihood projects have increased the land
use proportion of check dam land, ecological land, roads and other infrastructure and
optimized the land use structure. Conclusively, the PI intensity of local farmers has
obviously improved. At the same time, the premise of increasing the ecological land was
to give up more opportunities of agricultural production, which led to a decrease in the
intensity of PA and PD of local farmers. It is notable that, although the area of the check
dam land with high yield increased, which accounted for only 6.23% of the study area,
farmers were not enthusiastic about traditional agriculture due to limited area for farming,
which has no significant impact on rural development, and the residents’ recognition of
agricultural production conditions has yet to be further improved.

In LHGR, the decline in land use degree has revealed a decline in farmers” dependence
on the production and living functions of land and a weakening of farmers’ attachment
to rural areas to a certain extent. In general, with the decline in land use degree, the
sense of place of farmers also showed a declining trend. It showed that farmers are not
traditional farmers and land is no longer the only material dependence of farmers, as
farmers’ livelihood patterns have become diverse, and rural areas are in the process of
transformation from traditional agricultural stage to non-agricultural stage.
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Figure 9. The interaction between land use and sense of place in the study area.

5. Discussion

This paper comprehensively explored land use changes and farmers’ sense of place
and the interaction between them, with the implementation of ecological and livelihood
projects in a typical small catchment in LHGR from 1984 to 2020. The study of land use
changes mainly involved the change in ecological land, construction land, croplands and
bare land. The change in croplands was the most significant and is closely related to the
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change in the sense of place of farmers. Therefore, the evolution of croplands was analyzed
in detail from the aspect of structure, relative altitude and abandonment of croplands.
Then, the land use degree in the study area was quantitatively analyzed. In addition, the
farmers’ sense of place was quantitatively analyzed from the perspective of PI, PD and
PA. That is, it was studied from following aspects: farmers’ recognition of production and
living functions of land, farmers’ recognition of natural and human environment, and the
emotional connection between farmers and land. Furthermore, the interactive mechanism
between land use and the sense of place of farmers was explored. It is noticeable that there
has been a lot of research on land use changes in LHGR, and it was mostly concentrated
on the process of land use change and its ecological benefits at the county and regional
level, and was rarely related to the sense of place of farmers at the village level [58—60].
Therefore, the influence of human subjectivity on land use change has been ignored. The
novelty of this paper was that not only the land use changes from the micro level of the
small catchment were explored, but also the interaction between the land use changes and
the sense of place of farmers was explored in detail, which was helpful for people to deeply
understand the evolution of rural space from a perspective of residents’ cognition and
provided a scientific reference for the construction of a highly satisfactory rural settlement.
We will further discuss the implications derived from the above study.

5.1. Innovating Land Use Patterns and Improving the Efficiency of Resource Utilization

From the case study of this paper, although PI of farmers increased through the
implementation of ecological and livelihood projects, PD and PA of farmers have decreased
significantly. These changes were mainly manifested in a significant decline in the LUDI.
For example, the abandonment of croplands in the study area was widespread, and almost
30% of croplands were abandoned. It can be seen that, although the implementation of
different ecological projects has significantly improved the ecological environment and
rural infrastructure, most of the land resources were still idle. That is, the socio-economic
system has not yet adapted to the evolution of the geographic environment system in the
catchment and there are still possibilities for optimizing the land use structure. According
to research by Li et al., the function of ecosystem services has increased significantly on
the Loess Plateau, but farmers could only benefit from the construction and management
of ecological resources through ecological compensation. Moreover, due to the virtual
property rights, unreasonable industrial structure, and imperfect land market mechanisms,
the development of rural industries related to the exploitation of natural resources has
lagged behind. As a result, a large number of rural workers turned to migrant workers,
which led to extensive management and abandonment of croplands [36]. Lyu Changhe
et al. believed that crop sown area decreased by 5% on the whole plateau and by 10% in the
hilly region during 1998-2014 [61]. Our research was in line with the findings of previous
research, i.e., low efficiency of the utilization of natural resources is a common problem
in rural areas of the Loess Plateau. It will therefore be of great significance for the rural
vitalization of LHGR to deeply explore innovative land use patterns to consider optimal
land use as a key activity, to consider land engineering and rural land circulation as means,
and to consider high agricultural efficiency as a breakthrough, to revitalize the idle land.

5.2. Diversification of Farmers’ Livelihoods to Ensure Their Sustainability

With the implementation of the Cropland Reconversion Program, the Development
of West China, and the Urbanization Development Strategy of China, the number of
migrant workers from rural areas in LHGR has increased. However, due to the low level
of education of farmers, most migrant workers are engaged in low-tech low-wage jobs,
and the potential for increasing their incomes is limited [62]. There are great challenges
in the sustainability of farmers’ livelihoods in LHGR. The difference between farmers
in the Yangjuangou catchment was obvious in terms of agricultural production mode,
livelihood capital allocation and risk coping ability. Specifically, 21.87% of farmers were
engaged in agricultural production, 57.66% of farmers were migrant workers and 14.60%
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of farmers were engaged in non-farm self-employment. Regarding the future livelihood
plan of farmers, 70% of them want to adjust the cropping structure and expand the scope
of planting crops; 60% of farmers who rely on non-agricultural income believe that they
still need land to make a living when they are older and not recognized by the society; and
40% of farmers living in new rural communities want to rebuild their households, mainly
because they cannot afford to buy a new house in the cities. This showed that the current
livelihood mode of most farmers has not reached the expected standard of living or they
have a better and more stable livelihood mode to choose from, and the land remains a
strong guarantee of the security of farmers’ livelihoods. Therefore, the overall value of the
sense of place of local farmers was still higher. The instability of farmers’ livelihoods has
become one of the key problems limiting the sustainable development of LHGR. In the
LHGR, on the one hand, governments should help farmers build an efficient social capital
network by expanding employment channels to diversify farmers’ sources of income, as
well as improve the cultural level and professional skills of farmers in order to improve
their adaptability and anti-risk capacity for the market economy. On the other hand, the
agricultural structure of planting should be optimized and adjusted in order to stimulate
farmers’ enthusiasm for agricultural production and promote rural development. For
example, the authorities need to pay more attention to specialty and branded agricultural
products, moreover, the added value of agricultural products needs to be improved.

6. Conclusions

This paper investigated the change and interaction of land use and the sense of place
of farmers in a typical watershed of LHGR from 1984 to 2020, based on high-resolution
remote sensing image data, GIS technique and household surveys. The main results were
as follows: (1) the changes in ecological land and croplands were the most significant. The
area of ecological land increased significantly, and the growth of forests was the highest. On
the contrary, the area of croplands has decreased significantly, especially the sloping fields,
and the abandonment of terraces has become more frequent. However, the area of the check
dam land increased with the promotion of the GLCP. Generally speaking, the land use
degree has been gradually declining; (2) the total value of the sense of place of local farmers
showed a fluctuating downward trend. In particular, PD and PA showed a downward
trend, the former declining the most, while PI increased; and (3) the land use change was
dominated by the sense of place of farmers, while the land use change influenced the
adjustment of the sense of place of farmers as it led the farmers to reconsider the land.
This paper suggested that the rural areas in LHGR should innovate land use patterns and
promote high efficiency and intensification of agriculture through land engineering and
rural land circulation. Moreover, while ensuring the effects of ecological restoration, the
government should also pay attention to extending livelihood strategies and improving the
adaptability and anti-risk capability of farmers to a market economy, in order to promote
the harmonious development of human-environmental relations in LHGR.

This paper was a preliminary study on the links between land use change and the
farmers’ sense of place in rural areas of the LHGR, and further research is needed. Firstly,
due to the limitations of remote sensing images and data acquisition, only a typical catch-
ment was selected in this study, and a comparative study of multiple catchments should
be further conducted to fully understand the human-environment relationship in LHGR.
Secondly, the theoretical framework of the interaction between land use and the sense of
place of farmers, i.e., the dynamic concept of interaction between humans and environment
needs to be improved with more examples. In addition, the research objects selected in this
study were middle-aged and older population, so attention should be paid to the sense of
place of farmers of different ages.
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