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Abstract: The unique high/cold environment of the Qinghai-Tibet Plateau (QTP) limits the natural
distribution of the population living there and threatens local residents” health. Thus, exploring the
quality of human settlements in this area is of great significance. In this study, 5 first-level indicators
and 25 second-level indicators were initially selected, and the entropy TOPSIS method was used to
determine the weight of each indicator and evaluate the quality of the human settlements in each
county of the QTP. Then, the coefficient of variation and spatial autocorrelation were used to analyze
the spatial differences in human settlement quality. Finally, the obstacle degree model was used to
identify those obstacles that affect the quality of the human settlements in the QTP. This study has
gathered important findings. (1) The human settlement quality in these counties can be divided into
18 high-level areas, 45 mid- and high-level areas, 44 mid-level areas, 79 mid- and low-level areas,
and 28 low-level areas. (2) In terms of spatial patterns, the north is higher than the south, the east is
slightly higher than the west, and the surrounding area is higher than the interior. (3) In the clustering
model, the high-high clustering trend is mainly concentrated in the north of the QTP, whereas
the south-central part of the QTP and the zone where Tibet, Qinghai, and Sichuan meet exhibit
obvious low-low clustering. (4) The variability of human settlement quality occurs in the order of
Sichuan < Yunnan < Gansu < Xinjiang Autonomous Region < Tibet Autonomous Region < Qinghai.
(5) The main first-level obstacles affecting human settlement quality in the counties of the QTP
are living conditions, construction level of public service facilities, and infrastructure. The main
second-level obstacles are the number of living service facilities, the number of residential districts,
and the density of the road networks.

Keywords: Qinghai-Tibet Plateau; human settlements; entropy TOPSIS; obstacles

1. Introduction

Human settlements are the environment which forms the basis for human beings to
survive in nature, and it is a space for human beings to work, live, and socialize [1-3]. Since
the 20th century, accelerated urbanization and industrialization have brought superior
material civilization and broad living and production spaces to mankind, but it has also led
to a series of problems, such as excessive reclamation of resources, climate warming, the
deterioration of the ecological environment, and the continuous compression of human
living space [4-6]. Furthermore, the rise in population has led to the increasing demand
for environmental resources, causing the human settlement problem to become more
prominent [7]. The human settlement environment is a multi-level, open, and complex
massive system, and scholars have initiated many discussions on human settlements [8-11].
Urban planning started the research on human settlements [12]. In the 1950s, the Greek
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scholar Doxiadis [8] proposed Ekistics, which laid the theoretical foundation for the science
of human settlements. Since then, the science of human settlements has developed rapidly,
as depicted by the Habitat I-Habitat III conferences held by the United Nations and the
shift from the Habitat Agenda to the New City Agenda [13-17]. A good human settlement
environment has become the common development direction for many countries. In China,
the science of human settlements started in the 1990s and remains in the development stage.
The work entitled “Introduction to Science of Human Settlements” by Wu [11] marks the
initial formation of the theoretical system of human settlements in China.

A human settlement environment is a multi-level surface space system that is closely
related to human living activities [11,18-20]. Human settlements comprise an artificial
environment that is built based on the natural environment. It is the space for human
settlement activities and the place for residents to live [21]. It has evolved from five systems,
namely, nature, society, human beings, residence, and support [11,22]. Given the constituent
hierarchical and extensive features of the human settlement environment, this topic has
become a hot issue in urban planning, architecture, geography, environmental science, and
other disciplines [19,22-24]. Human settlements directly affect the suitability of residents
living conditions and further influences the population distribution in regions or cities [25].
Creating a good, livable, and sustainable human living environment has become one of
the necessary tasks to meet the growing needs of a better quality of life and promote
high-quality development [22,26-28]. The issue of human settlement is of great importance
and has attracted the close attention of international institutions. Building a high-quality
human settlement environment has become 1 of the 17 sustainable development goals of
the United Nations [29,30]. The government has taken the lead in building a “Beautiful
China” as an important means to promote the harmonious development between humans
and nature [31-34].

Scholars have initiated extensive studies on human settlements. The research on hu-
man settlement mainly focuses on the natural suitability [4,35,36], comprehensive suitability
or adaptability [18,20,23,37,38], quality [5,6,39,40], sustainability [41,42], satisfaction [43,44],
livability [22,45-48], vulnerability [49-51], and internal coupling coordination of the sys-
tem [2,52,53]. The research on the natural suitability of human settlements has earned
widespread attention. Remote sensing and other technical approaches have been used to
evaluate the suitability of human settlements. By analyzing terrains, climate, and other
factors, the human settlement index, at a corresponding scale, can be used to explore
the spatial relationship between the natural environment and human settlement distribu-
tions [7]. For example, the suitability of human settlements was evaluated in Kastamonu,
Turkey, from the perspective of the climate [54]. Scholars have also studied the impact
of urban traffic, landscape, and infrastructure on the livability of cities [47,55-58]. The
comprehensive evaluation of human settlement quality has also attracted wide attention.
Human settlement quality evaluation requires the obtainment of quantitative and qualita-
tive information on the quality of a specific human settlement environment. The aim of the
quality evaluation is to improve the capability of identifying changes in human settlements,
ensuring that the human settlement quality remains in a range that is necessary for human
living and development, and accordingly, adjusting human social behavior. With these
goals, the quality of human settlements will likely develop towards a direction that is more
conducive to the survival and development of human society under the action of human
social behavior. The study scale of human settlement mainly includes the macroscale, with
regions and provinces as the basic units, and the microscale, where cities and counties
act as the basic units [5,6,39,40,59,60]. The study methods mainly include the analytic
hierarchy process, principal component analysis, the Delphi method, the entropy method,
and other related approaches [61-64]. Gu and Liu [62] evaluated the human settlement
quality in Jianghuai of the Anhui Province by using the entire-array-polygon composite
index. Their results showed that human settlement quality in Jianghuai is high in the
east and low in the west, and water resources, infrastructure, and other factors presented
the most significant impact. You et al. [63] took Ganzhou as a case study and found that
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the social and cultural environments had the largest weight in the system of the human
settlements, using entropy TOPSIS (i.e., a technique for order preference by similarity to
the ideal solution). Rong and Jia [64] found that the quality of rural human settlements in
Inner Mongolia has a spatial pattern in the order of agricultural area > forest area > pastoral
area. Xie et al. [5] studied the influencing factors on human settlement quality in Beijing
using the panel data model. Bin et al. [65] looked at the county scale as a research unit
and discussed the influencing factors on human settlements in the Guangdong Province
using the spatial regression model. Zhou et al. [66] constructed an index system of human
settlements with 10 index factors and explored the spatial aggregation and differentiation
of human settlement quality. Li et al. [67] evaluated and analyzed the differentiation and
controls of human settlement in Jinan using multisource data, spatial density analysis, and
a gravity model. Zhu et al. [68] took downtown Fuzhou as a research area and found that
convenient transportation and complete service facilities had a greater impact on human
settlement quality using TOPSIS.

The aforementioned studies have enriched the developments in human settlement
science in China; however, most of them are concentrated in the developed or low-altitude
regions of China, leaving the depth of research on the impoverished, high-altitude and
fragile regions relatively scarce. Most of the current research on human settlements fo-
cuses on the large-scale comparative analysis of cities and regions. The evaluation of
human settlements at the county scale is scarce. The socioeconomic development of the
inner space in the same region is not completely similar, and human settlements differ in
numerous aspects. Human settlement analyses have shown that development problems
abound at the county level. In addition, existing data are mainly gathered from statisti-
cal data or questionnaires, which entail a large workload and certain subjectivity. The
Qinghai-Tibet Plateau (QTP), which is known as the “roof of the world”, covers an area of
about 2,581,300 km?2, with an average altitude of about 4400 m, and is the home of more
than 10 million people [20]. With significant climate differences, an uneven precipitation
distribution, and a strong solar radiation factor in the QTP, the daily and annual temper-
ature differences are large, but the accumulated temperature is small. With poor natural
environmental conditions and facing massive development and utilization challenges, the
area is unattractive for human beings. Therefore, the social and economic development
of the QTP is relatively backward, and the contradiction between economic development
and environmental protection is prominent. For the Qinghai-Tibet Plateau (QTP), with its
large area and low population density, statistical data are scarce. The quality of human
settlements in the plateau is also difficult to evaluate using previous research methods.
Therefore, the comprehensive evaluation of human settlement quality still needs to be
comprehensively and systematically studied. Reasonably evaluating the current human
settlement quality is of great significance. The obstacles restricting the improvement of the
human settlement environment should be explored as a means of optimizing population
distribution, coordinating development at the regional level, and promoting rational urban
and rural planning.

With a vast territory, the QTP is the birthplace of many rivers in Asia; its glaciers and
permafrost are widespread, and its ecological environment is fragile [69,70]. The service
value provided by the ecosystems of the QTP accounts for 17.68% of the whole country
annually [71]. Moreover, its existence is of great significance to neighboring regions and
the world. Since the 21st century, the construction infrastructure represented by the QTP
Railway and Sichuan-Tibet Railway has become a “booster” for the development of the
QTP, providing the region with new economic opportunities. However, for a long time,
the QTP has shown particularities and difficulties related to human-land relationships,
topographic features, resource endowment, history and culture, and regional development
that differ from those of other regions. Its unique high-frigid and natural conditions inflict
limitations on population distribution and social and economic development [72,73]. The
intensity of human activities has been continuously increasing, and the frequency of climate
change has accelerated in recent years, leading to large-scale vegetation degradation, with
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the largest “no man’s land” formed in China [7,72]. Consequently, the contradiction be-
tween economic development and environmental protection has become acute. Ecological
fragility, population poverty, and economic backwardness under topoclimate constraints
present long-term problems [74]. The uniquely high and cold environments in the QTP
have limited the natural distribution and orderly development of its population [72].
Moreover, the backward infrastructure construction, high incidence of plateau-endemic
diseases, and poor medical services in the QTP seriously threaten the local residents” health
and human settlement quality. The average life expectancy for the QTP inhabitants is
lower than the national average of China [20]. Thus, identifying the human settlement
quality and its obstacles in the QTP have great importance for the improvement of local
human settlements.

This study used the QTP as the research area, with the county acting as the basic
research unit, to design a quality evaluation system for human settlements using five
dimensions: natural environment, infrastructure, economic development, living conditions,
and public services. Remote sensing data, point-of-interest (POI) data, meteorological
data, statistical data, and other types of data were integrated into the research design. The
weight of each index was calculated via the entropy method, and the quality of human
settlements in the QTP was quantified using TOPSIS. With the help of the visualization
function of ArcGIS10.7, the natural discontinuous point rating method (Jenks) was adopted
to divide the human settlement quality of the counties in the QTP into five levels: high-level
area, mid- and high-level area, mid-level area, mid- and low-level area, and low-level area.
Spatial autocorrelation and a coefficient of variation were used in the cluster analysis and
spatial variability analysis. Then, aiming to further reveal the main factors that hinder
human settlement quality, an obstacle degree model was used to identify the obstacles
and their influencing degrees. Finally, reasonable suggestions were gathered to provide a
scientific basis for the sustainable and healthy development of the QTP.

2. Materials and Methods
2.1. The Study Area

The QTP is located on the third step in the southwest part of China, from the West
Kunlun—Qilian Mountains in the north to the Himalayas in the south and from the Hindu
Kush Mountains and Pamir Plateau in the west to the Hengduan Mountains in the east
(Figure 1). The area covers six provinces: Tibet, Qinghai, Gansu, Sichuan, Yunnan, and
Xinjiang [75,76]. The terrain within the plateau fluctuates greatly. The soil, which is still
in the early stage of the soil-forming process, with weak erosion resistance, is permafrost,
high-cold, and arid soil [77]. The vegetation mainly includes alpine meadow, grassland,
and desert vegetation, and animal and plant resources are scarce. The uplift of the QTP
exerts an important impact on the climate and ecological environment of China and even
the world. The boundary of the QTP has constantly changed in recent years. Thus, we
utilized the administrative scope defined by the national QTP Scientific Data Center, which
includes 26 county-level units in Gansu, 41 county-level units in Qinghai, 46 counties in
Sichuan, 78 counties in Tibet, 14 counties in Xinjiang and 9 counties in Yunnan, totaling
214 county-level units.

2.2. Data Sources

The vector range and remote sensing images of the QTP used in the study corre-
sponded to the administrative scope defined by the national Qinghai-Tibet Plateau Sci-
entific Data Center (http://data.tpdc.ac.cn/zh-hans/, accessed on 8 February 2022), with
the number of county-level units totaling 214. Albers’ equal-area projection was adopted
for the uniform preprocessing of the spatial data. The geographic reference used in this
research was the WGS84 coordinate system.
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Figure 1. Geographic location of the study area.

The relief and average altitude of each county in the QTP were calculated via digital
elevation modeling (DEM) with a 30 m resolution. Then, by referring to the relative
humidity and average temperature shown in the surface climate data provided by National
Meteorological Information Center (https://data.cma.cn/, accessed on 10 March 2021),
the temperature and humidity indices of the QTP were calculated [25,78]. The vegetation
coverage data were calculated based on the normalized difference vegetation index, which
was derived from the Resource and Environment Science and Data Center (https://www.
resdc.cn/, accessed on 8 February 2022). The surface water coverage rate is calculated
using the land use data of the QTP with 30 m resolution, which was derived from the
Resource and Environment Science and Data Center (https://www.resdc.cn/, accessed on
8 February 2022). After extracting the water body, the surface water coverage rate of each
county was obtained by dividing the surface water coverage area of the county by the area
of the county. The soil erosion data were obtained from the National Qinghai-Tibet Plateau
Scientific Data Center (http://data.tpdc.ac.cn/zh-hans/, accessed on 8 February 2022).

The road network data were collected from Open Street Map Data (https://download.
geofabrik.de/, accessed on 8 February 2022). The density of road networks was obtained
by dividing the length of the county road by the area of the county. The data on registered
residence population, administrative area, GDP, added value of three industries, the number
of beds in medical institutions, and the number of primary and secondary school students
were gathered from the County Statistical Yearbook of China of 2021. The numbers of road
facilities, companies, residential quarters, health facilities, and living service facilities and
other POI points were gathered from the Resource and Environment Science and Data
Center (https:/ /www.resdc.cn/, accessed on 8 February 2022). The number of POI points
per capita for each county was calculated based on the unit of 1/10,000 people.

All data indicators involved data acquired for 2020, and lacking data, such as DEM
and soil erosion degree, were represented by the nearest-year data.
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2.3. Methods

The quality evaluation system for human settlements in the QTP was constructed
from five dimensions: natural environment, infrastructure, economic development, living
conditions, and public services (Figure 2). On this basis, the entropy method was used to
determine the weight of each index, while the TOPSIS method was adopted to evaluate
the quality of human settlements in each county. After obtaining the results via entropy
TOPSIS, the natural discontinuous point-rating method was used to divide the quality of
human settlements in the counties into five levels: high-level area, mid- and high-level
area, mid-level area, mid- and low-level area, and low-level area. Furthermore, spatial
autocorrelation and coefficient of variation were used to analyze the respective spatial
characteristics. The obstacle evaluation model was used to analyze the obstacles at different
levels and the overall obstacles. Finally, the policy recommendations were conceptualized.

Quality evaluation system of human settlements

e e

Natural Economic living Public
: Infrastructure 2 5
environment development conditions services

Entropy TOPSIS

A

Human settlement quality

A4
Coefficient
of variation

A 4 A A 4

Spatial clustering . I Obstacles
characteristics Spatial variability identification

Obstacle
degree model

Spatial
autocorrelation

Policy recommendations for the improvement of human settlements

Figure 2. Research technology road map.

2.3.1. Establishment of the Evaluation Indices

The human settlement environment is a space for human settlement activities and
where residents live, and is divided into five aspects: natural environment, economic
environment, living environment, infrastructure environment, and public service environ-
ment [5,11]. Drawing lessons from previous research results on the quality evaluation of
human settlements [5,6,11,39,40] and following the scientific principles of standardization
and accessibility to data, this study selected five first-level indicators (i.e., natural envi-
ronment, infrastructure, economic development, living conditions, and public services),
which were combined with information on the unique natural environment and social
development of the QTP. Natural environment is the basic guarantee of human settlement
quality [6,11]. Considering the unique natural environment of the QTP, six fundamental
factors affecting the natural environment [5,20-23,37,79] were selected to express the nat-
ural environment (Table 1). Infrastructure is not only the material basis for improving
human settlement but is also the carrier of economic, social, and cultural activities [5,80].
Furthermore, infrastructure provides the premise and an important support for social



Land 2022, 11, 1479 7 of 21

and economic development. Concerning the accessibility of the data and other scientific
principles, four indicators [5,20,21,30,59,60,68] were chosen to quantify the infrastructure
level (Table 1). The economic development level is the driving force for the development of
human settlements and provides financial support [5]. In the QTP, the economic develop-
ment level is directly related to human settlement quality in the QTP. By combining the
information from the POI data and statistical data, four indicators [20,21,30,39,40,65,68]
were selected to reflect economic development (Table 1). Living conditions are the core
component of the evaluation of human settlement quality [5,59]. More importantly, living
conditions account for the highest weight among the first-level indicators. Considering the
accessibility of POI data and scientificity, four indicators [20,21,30,39,40,60,68] were selected
to express the living conditions (Table 1). Public services are the material guarantees of
human settlements [5]. The higher the quality of public services, the more conducive it
is to alleviate various social contradictions and improve the government’s management
ability and the overall allocation efficiency of public resources. To achieve the sustainable
development of human settlements, public services are essential [81]. There were many
factors affecting the public services, and we chose seven indicators [5,20,21,30,39,60,65,68]
to evaluate public service level, which were combined with information on the actual
situation of social development in the QTP (Table 1).

Table 1. Quality evaluation index system for human settlements in the Qinghai-Tibet Plateau.

First-Level

Indicators Weight Second-Level Indicators References Weight Property Unit
Relief degree of land surface [20,23,37] 0.0134 -
Temperature and humidity indices [20,21,37] 0.0115 +
Natural 0.1404 Vegetation coverage degree [5,20,22] 0.0142 +
environment . Average altitude [22,79] 0.0249 — m
Surface water coverage [21,79] 0.0739 +
Soil erosion degree [22] 0.0025 -
Transportation hub facilities 4
POI points [59,60,68] 0.048 + /10* persons
Infrastructure 0.1932 Road facilities POI points [59,60,68] 0.0375 + /10% persons
Health facilities POI points [5,59,60] 0.0288 + /10* persons
Road network density [5,20,21,30] 0.0789 + km/km?
Per capita GDP [21,30,39] 0.0334 + 10* yuan
Economic 01429 Per capita b.alance of savings deposit [40,65] 0.0361 + 10* yuan
devel ¢ Proportions of the secondary [30,39,40] 0.0037 +
evelopmen and third industries Y ’
Company POI points [20,68] 0.0697 + /10* persons
Residential district POI points [21,30,39] 0.0826 + /10* persons
Living 02937 Supermarket and mall POI points [60,68] 0.0471 + /10* persons
conditions ’ Parking lot POI points [20,40] 0.0777 + /10% persons
Living service facilities POI points [20,68] 0.0863 + /10% persons
Sport and leisure service 4
facilities POI points [20,21,60] 0.0515 + /10* persons
Famous tourist sites POI points [20] 0.0382 + /10* persons
Governmfent agencies anc.i social [60,68] 0.0752 + /10* persons
Public 0.2298 organizations POI points
i : Scientific, educational, and cultural
services s s 4
service facilities POI points [20,21,30] 0.0135 * /10% persons
Proportion of students in school [5,21,39] 0.0063 +
Number of beds in medical institutions [5,30,65] 0.0208 + /10* persons
Medical service facilities POI points [20,68] 0.0243 + /10* persons

For the natural environment factor, the explanations of the distinction between positive
and negative indicators are as follows. For relief degree of land surface, the rugged
topography constrains agricultural development and population distribution [20], so relief
degree of land surface is a negative indicator. The temperature and humidity indices
represent the humidity-corrected temperature [82]. It reflects the human body’s perception
of the comfort level of the climate and is a positive indicator [20]. High vegetation and
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surface water coverage degree could improve the environmental quality of QTP inhabitants.
High-altitude may increase the incidence of some diseases and soil erosion can increase
the risk of natural disasters. Thus, these two indicators are negative indicators [5,22].
For infrastructure, economic development, living conditions, and public services, all the
relevant indicators are positive.

2.3.2. Determination of Index Weight via Entropy

The weights of the indicators on the quality evaluation index system for human
settlements in the QTP were assigned using the entropy method.

(1) Assuming m evaluated objects and 7 indicators for each object to be evaluated, a
judgment matrix is constructed as follows:

X:(x,-]-)mxn(izl, 2,3,....mj=1,23,...,n) 1)

(2) The judgment matrix is standardized: According to the positive and negative
attributes of the indicators, the data are standardized using the range method. The formula
is given by

X anl?l

Al]_ Xmax_Xmm (2)
Xomax— X
Al]_ Xmuv Xmm (3)

where A;; refers to the standardized value of raw data; X;; refers to the initial value of j
indicator in 7 county; X4y refers to the maximum value of j indicator; and X,,,;,, refers to
the minimum value of j indicator.

(3) The entropy values for the indicators calculated using the standardized numerical
value are expressed as

fi= gra @
Ay
X lnfl] 5)
j

where }; refers to the entropy values of the indicators, and f;; refers to the proportion of
the standardized indicators in the total index data.
(4) The weight of the indicator calculated using the entropy value of the indicator is
given by
o _1h
BRI ©

where w; refers to the weight of the indicator, i.e., w; € [0,1], and i ; w; = 1.

2.3.3. TOPSIS Method

TOPSIS is an effective method that is commonly used in multi-objective decision
analysis. First, the weights of the evaluation indicators are determined via the entropy
method. Then, the rankings of the evaluation objects are determined based on techniques
for approximating the ideal solutions [83]. In the alternative scheme set, the optimal value
of a group of indicator data is taken as the positive ideal scheme, whereas the worst value
of another group of indicator data is taken as the negative ideal scheme. The evaluated
scheme is judged by comparing the distance of the scheme to the positive and negative
ideal points. If a scheme is closest to the positive ideal solution and far away from the
negative ideal solution, then it is the best one among the alternatives; otherwise, it is not
the optimum.

(1) Multiply the standardized decision matrix by the weight of each index to obtain
the weighted decision matrix R:

R=(rj), (i=12,3..mj=123..n) @)
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7’1']' = w] X Aij (8)
(2) Calculate the optimal solution S].+ and the inferior solution S;.

S;r = max(r1j,2j, - -, Tuj) ©9)

S: = min (1, 72j, . - ., Tj) (10)

(3) Calculate the Euclidean distance U between the optimal solution and the inferior
solution of each scheme.

- [
=

u- = i(sj -~ rl-j)z (12)
]:

(4) Calculate the closeness between the schemes and the ideal C;.

Ci= i 1
i ui+u; (13)

The larger the C;, the better the evaluation scheme. Here, C; € [0,1].

2.3.4. Spatial Autocorrelation Analysis

Spatial autocorrelation is a mathematical representation of spatial dependence which
describes the correlation between a variable at a location in space and the same variable at
its neighboring location [84,85]. Moreover, spatial autocorrelation includes global and local
spatial autocorrelation. Moran’s I index is adopted in this work. The global Moran’s I index
is used to assess whether the spatial element distribution is in an aggregated, discrete, or
random pattern. This index can be calculated by using the spatial autocorrelation tool in
ArcGIS. A greater than zero Moran’s I index indicates a positive spatial autocorrelation,
while a less than zero situation denotes a negative spatial autocorrelation. When Moran’s I
index tends to zero, it indicates no spatial autocorrelation (i.e., completely spatial random
process). The local Moran’s I index can be used to analyze the correlation between local
elements and adjacent units, and the local indicators of spatial association (LISA) cluster
map can be obtained through the clustering and outlier analysis tools in ArcGIS. The LISA
map can reflect the “high-high”, “high-low”, “low-high”, and “low-low” aggregation in
local areas and insignificant situations. The global Moran index was adopted to explore the
agglomeration characteristics of human settlement quality in the counties of the QTP. The
ideal solution distance for human settlement quality calculated by the TOPSIS method is
selected to calculate the Moran’s index of human settlement quality and reveal the spatial
clustering characteristics of human settlements in the QTP.

2.3.5. Coefficient of Variation

The coefficient of variation is a statistic used to measure the variation degree of each
observed value in a group of data. In this study, variation analysis was conducted on the
evaluation results of the counties in the QTP by referring to the situation of the different
provinces. In this manner, the variation degree of human settlements in the counties of the
different provinces could be explored.

o, (607

cv=I1—r—

(14)
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2.3.6. Obstacle Degree Model

An important prerequisite for promoting sustainable human settlement is to minimize
system vulnerability [50,86]. In this study, which is aimed at further revealing the main
hindering factors, the obstacle degree model was adopted to analyze the hindering factors
affecting human settlements in the QTP and their degree. The obstacle degree of each index
to the overall goal in the different level areas and overall QTP was calculated as follows:

dij = 1— f;; (15)

m
wljdl]
D;; = =i % 100% 16
) 1221 (Z:nl wijdij ) ( )
where d;; refers to the index deviation degree, which represents the gap between the single

index and the maximum target; it is selected as the gap between the standardized value of
the index and 1. D;; refers to the obstacle degree of the index in the criteria layer.

3. Results
3.1. Spatial Patterns of the First-Level Indicators of Human Settlements

The weights of the first-level indicators for the quality evaluation of human settlements
in the QTP were obtained via the entropy method. The values were determined as follows:
natural environment (0.1404), infrastructure (0.1932), economic development (0.1429), living
conditions (0.2937), and public services (0.2298).

3.1.1. Natural Environment

In the QTP, the natural environment index decreases in a ring form from the outside
to the central and southern parts (Figure 3). In the Ngari Prefecture and the Xinjiang
Region, in the west of the QTP, the natural environment index is low. In these areas, the
surface water coverage, temperature, humidity indices, and vegetation coverage are low.
Surface water coverage accounts for the largest weight of all factors affecting the natural
environment, further indicating that the water environment has the greatest impact among
natural environmental factors. The quality of the natural environment is poor, as depicted
by the low natural environment index.

3.1.2. Infrastructure

Except for some areas in Lhasa, the infrastructure level in the QTP gradually decreases
from east to west, depicting a crescent moon-shaped pattern. The five districts with
the highest level of transport infrastructures are Chengxi District, Chengdong District,
Chengbei District, Central District, and Chengguan District, which are all located in urban
areas, with perfect scores for infrastructure and high traffic accessibility. By contrast, in
the northwestern and southeastern areas of the QTP, the traffic conditions are poor. This
situation can be attributed to terrain factors, such as the presence of Kunlun Mountains
and Tanggula Mountains. Meanwhile, the areas with high-level health facilities are mainly
concentrated in the northeastern part of Qinghai province, the Lhasa—Nyingchi area, and
some areas in the east of the QTP

3.1.3. Economic Development

The overall economic development level of the QTP is low, with a great difference
in the development pattern. The regions with a high economic development index are
generally concentrated in the north and the eastern edge of the QTP, in Doilungdegen of
Lhasa in the south, and in Nyingchi County of Nyingchi City. From the perspective of GDP,
the most relevant indicative indicator, the per capita GDP of each county in the QTP, varies
greatly. Take the per capita GDP in 2020, in which 72400 yuan is the demarcation line. Only
15% of the counties in the QTP reached the domestic per capita level, whereas 85% of them
have a per capita GDP below the average level.
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Figure 3. Spatial distribution of first-level indicators for human settlement quality in the
Qinghai-Tibet Plateau.

3.1.4. Living Conditions

The overall living conditions of the QTP are not consistently high, and the living
conditions in most areas still need to be improved. In the QTP, the living condition index is
higher in the east than in the west, higher in the north than in the south, and higher in the
urban areas than in the counties. As a concentrated area of nationalities with a long history,
the QTP is influenced by diverse cultures, reflecting different living habits. The regions with
a high residential district index are mostly concentrated in Dujiangyan City, Chengdong
District, Delingha City, Doilungdegen District, and other urban areas. The influence of
national culture on these regions with a high level of urbanization is relatively weak, and
their numbers of residential communities are large. The regions with a high living facility
index are similarly distributed in Doilungdeqen District, Old Town, Dujiangyan City, and
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other urban areas. In general, the living conditions are positively correlated with the level
of urbanization.

3.1.5. Public Services

Except for the counties in Xinjiang, in the northwestern corner of the QTP, the level of
public services generally appears as a ring form, decreasing from the outside to the inside.
A comparison of public service levels in counties in the entire QTP indicates high levels
in Mongolian Autonomous County in the north of Gansu, Doilungdeqgen District, Aksai
Kazakh Autonomous County, and other counties and low levels in Jiangda County, Hotan
County, and Lhunze County.

3.2. Spatial Characteristics of Human Settlements
3.2.1. Spatial Patterns

The average evaluation score of the whole region is 0.1525. The number of coun-
ties with scores above this line is 75, whereas the number of counties with scores below
the average value is 139. The counties with scores above the average value are gener-
ally distributed in a ring form around the edge of the QTP, with a low average elevation
(Figure 4). The counties with scores below the average value are concentrated and con-
tiguously distributed in the middle and southern, and northwest regions of the QTP. The
quality of human settlement in the QTP generally decreases from the outside to the inside.
Among the 214 counties of the QTP, 18 of them are high-level areas (0.2800-0.4404), in which
Doilungdegen District has the highest score (0.4404), followed by Dujiangyan, Chengxi
District, Derong County, Chengdong District, etc. These high-level areas are mostly located
in urban areas or the counties around the urban areas with a low elevation, such as those at
the edge of the plateau. The mid- and high-level areas (0.1798-0.2799) are represented by
45 counties, most of which are located around the high-level areas. The mid-level areas
(0.1263-0.1797) are represented by 44 countries, and they are scattered in the middle and
south of the QTP, showing a fan-shaped radial distribution. The mid- and low-level areas
(0.0864-0.1262) are represented by 79 counties, and they are concentrated in the east of the
QTP and the south of Xinjiang, depicting a scattered distribution in Tibet. The low-level
areas (0.0521-0.0863) are represented by 28 countries, and they are concentrated in the
south of the middle-eastern part, depicting a scattered distribution in the south of Tibet
and the south of Xinjiang.

3.2.2. Spatial Clustering Characteristics

The global Moran’s I index of human settlement quality in the QTP is 0.34581,
which is significantly positive (Table 2). Furthermore, the test result is relatively signif-
icant, indicating that human settlements in counties of the QTP have obvious spatial
clustering characteristics.

Table 2. Global Moran’s I index of human settlement quality in the Qinghai-Tibet Plateau.

Name Moran I Index  Expected Index Variance Z Score p-Value
Parameter value 0.34581 —0.004695 0.001938 7.961292 0

The clustering of human settlements in the counties of the QTP was analyzed visually
using a local Moran’s I index. The clustering was divided into high-high clustering,
high—low clustering, low-high clustering, and low—low clustering. A trend of high-high
clustering is apparent in the counties in the north of the QTP, while it is sporadically
distributed in the southern part of the QTP (Figure 5). In these areas, the human settlement
quality is generally high-level or mid- and high-level. In south-central QTP, and the zone
where Tibet, Qinghai, and Sichuan meet, a low—low clustering trend is apparent. The
quality of human settlements in this area is generally low-level.
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Figure 4. Spatial distribution of human settlement quality in the Qinghai-Tibet Plateau.
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Figure 5. Cluster distribution of human settlement quality in the Qinghai-Tibet Plateau.
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3.2.3. Spatial Variability

The variation coefficient of human settlement quality is in the order of Sichuan
Province < Yunnan Province < Gansu Province < Xinjiang Autonomous Region < Tibet
Autonomous Region < Qinghai Province (Figure 6). The smallest coefficient of variation
is for Sichuan, and the counties belonging to this province have the smallest difference in
terms of human settlement quality. The Sichuan Province has the highest level of social and
economic development among the six provinces in the QTP. The coefficients of variation
are small but similar between the provinces of Yunnan and Gansu, which have been in-
creasing their investment in improving human settlements since the 12th Five-Year Plan to
reduce the regional development difference. The coefficients of variation are higher in the
provinces of Xinjiang, Tibet, and Qinghai. Especially in Tibet and Qinghai, the coefficients
of variation are the highest, indicating that the quality of the regional human settlements
varies greatly. Tibet and Qinghai constitute the main body of the QTP. Their coefficients of
variation can better reflect the overall difference in human settlement quality in the QTP.

054
0.52
3 05 |
O
‘g 048
(9]
5 046
®
5 044 |
>
042 I
0'4 1 1 1 1 1 J
Sichuan Yunnan Tibet Gansu Qinghai Xinjiang
Province Province  Autonomous Province Province  Autonomous
Region Region

Figure 6. Spatial variation coefficients for human settlement quality in different provinces of the
Qinghai-Tibet Plateau.

3.3. Obstacles of Human Settlements
3.3.1. The Obstacles of Human Settlements across Different Regional Levels

In the high-level area, the high-degree obstacles are the number of living service facili-
ties, the density of the road networks, surface water coverage, the number of companies,
and the number of government agencies and social groups (Table 3). The cumulative
obstacle degree of these five items is 45.61%. In the mid- and high-level area, the high-
degree obstacles are the density of road networks, the number of living service facilities, the
number of residential districts, the number of parking lots, and the number of companies.
The cumulative obstacle degree of these five items is 43.78%. In the mid-level area, the
high-degree obstacles are the number of living service facilities, the number of residential
districts, the density of the road networks, the number of parking lots, and the number
of government agencies and social groups. The cumulative obstacle degree of these five
items is 43.58%. In the mid- and low-level area, the high-degree obstacles are the number of
living service facilities, the number of residential districts, the density of the road networks,
the number of parking lots, and the number of government agencies and social groups.
The cumulative obstacle degree of these five items is 42.91%. In the low-level area, the
high-degree obstacles are the number of living service facilities, the number of residential
districts, the number of parking lots, the density of the road networks, and the number of
government agencies and social groups. The cumulative obstacle degree of these five items
is 41.95%.
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Table 3. Obstacle degree against human settlement quality across different regional levels in the
Qinghai-Tibet Plateau.

Indicators High-Level Area Higll\l/{:le-vael;irea Mid-Level Area Lowl\illt(:;/:? irea Low-Level Area
Relief degree of land surface 0.81% 0.83% 0.75% 0.73% 0.76%
Temperature and humidity indices 0.86% 0.76% 0.79% 0.80% 0.81%
Vegetation coverage rate 0.83% 0.48% 0.51% 0.73% 0.64%
Average altitude 1.92% 1.53% 1.64% 2.08% 1.74%
Surface water coverage 7.26% 7.73% 7.62% 7.46% 7.63%
Soil erosion degree 0.06% 0.05% 0.05% 0.05% 0.06%
Transportation hub facilities 4.72% 4.73% 4.79% 4.95% 4.79%
Number of road facilities 3.94% 3.95% 3.89% 3.85% 3.91%
Number of health facilities 2.38% 2.45% 2.69% 2.82% 2.58%
Road network density 9.29% 8.89% 8.52% 8.18% 8.75%
Per capita GDP 3.23% 3.32% 3.36% 3.34% 3.29%
Per capita balance of savings deposit 3.27% 3.32% 3.49% 3.71% 3.39%
Proportions of the secondary and 0.08% 0.13% 0.12% 0.13% 0.11%
third industries
Number of companies 8.18% 7.82% 7.62% 7.40% 7.82%
Number of residential districts 8.85% 8.93% 8.85% 8.75% 8.76%
Number of supermarkets and malls 5.24% 5.03% 5.00% 4.94% 5.06%
Number of parking lots 8.20% 8.24% 8.38% 8.24% 8.24%
Number of living service facilities 9.26% 9.51% 9.29% 9.06% 9.39%
Number of Sport and leisure 4.92% 4.94% 5.27% 5.34% 5.04%
service facilities
Number of famous tourist sites 3.95% 4.02% 3.94% 3.85% 3.99%
Number of government agencies and 1.02% 0.98% 1.12% 1.21% 1.07%
social organizations
Number of scientific, educational, and 7.38% 8.01% 7.88% 7.72% 7.80%
cultural service facilities
Proportion of students in school 1.91% 1.93% 1.95% 1.94% 1.92%
Number of beds in 0.51% 0.44% 0.38% 0.32% 0.42%
medical institutions
Number of medical and health 1.92% 1.99% 2.12% 2.39% 2.03%

service facilities

3.3.2. The Obstacles of Human Settlements in the Whole Qinghai-Tibet Plateau

According to the results, the first-level indicators could be ranked in descending order
based on the obstacle degree as follows: living conditions, public services, infrastructure,
and economic development, and natural environment (Table 4). The high-degree obstacles
to human settlements quality in the second-level indicators are the number of living service
facilities, the number of residential districts, the density of the road networks, the number
of parking lots, the number of companies, the number of government agencies and social
organizations, surface water coverage, the number of supermarkets and malls, the number
of sport and leisure service facilities, the number of transport hub facilities. The cumulative
obstacle degree of these 10 items is 73.29%.

Table 4. Obstacle degree against human settlement quality for the whole Qinghai-Tibet Plateau.

First-Level Indicators Obstacle Degree Second-Level Indicators Obstacle Degree
Relief degree of land surface 0.76%
Temperature and humidity indices 0.81%
. o Vegetation coverage rate 0.64%
Natural environment 11.64% Average altitude 1.74%
Surface water coverage 7.63%
Soil erosion degree 0.06%
Transportation hub facilities 4.79%
Inf 20.02% Number of road facilities 3.91%
nirastructure mer Number of health facilities 2.58%

Road network density 8.75%
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Table 4. Cont.
First-Level Indicators Obstacle Degree Second-Level Indicators Obstacle Degree
Per capita GDP 3.29%
. Per capita balance of savings deposit 3.39%
Economic development 14.61% Proportions of the secondary and third industries 0.11%
Number of companies 7.82%
Number of residential districts 8.76%
- I, o Number of supermarkets and malls 5.06%
Living conditions 31.46% Number of parking lots 8.24%
Number of living service facilities 9.39%
Number of Sport and leisure service facilities 5.04%
Number of famous tourist sites 3.99%
Number of government agencies and social organizations 7.80%
Public services 22.27% Number of scientific, educational, and cultural service facilities 1.07%
Proportion of students in school 0.42%
Number of beds in medical institutions 1.92%
Number of medical and health service facilities 2.03%

4. Discussion

Human settlement quality can be regarded as a large, complex, and dynamic system
involving numerous factors. Evaluating the quality of human settlements in counties of the
QTP entails many difficulties and barriers due to data acquisition problems. This study
investigated the spatial characteristics of the quality of human settlements in the counties
of the QTP using multi-source data (i.e., an integration of remote sensing data, POI data,
meteorological data, statistical data, and other types of data). This study can reflect the
distribution characteristics of human settlement quality in the QTP, forming a sample case
of different areas where data are scarce while constructing a technical framework that is
applicable to these areas. Furthermore, the findings of this research can serve as a reference
for improving the study of the science of human settlements, especially for the west of
China, where research is seldom conducted.

Our results have shown that the average evaluation score for human settlement
quality in the whole of the QTP is 0.1525, which is lower than that of Beijing (>0.403) [5] and
Chonggqing (0.53) [59]. For the spatial distribution, there are 79 mid- and low-level counties
and 28 low-level counties. Moreover, the human settlement scores of 65% of the counties are
below the average value in the QTP. This reflects that there is an urgent need to improve the
human settlements of the QTP. The spatial clustering characteristics and spatial variability
of human settlement quality in the QTP showed obvious spatial differences and regional
imbalances, which is a combined effect of natural conditions and social development [4,5,7].
Our study sheds light on the main obstacle affecting the quality of the human settlements
in the counties of the QTP, which is the living condition, followed by the construction level
of public services and infrastructure. The results are consistent with the study in Tibet by
Ding et al. [20], yet these show differences when compared with other studies [3,59,63].
“Living conditions” is the leading factor causing the differences in the quality of the
human settlements of the QTP. Moreover, living conditions are an important reflection of
urban and rural growth and of peoples’ living standards. Thus, in the QTD, it is crucial
that the government improves the living conditions of the local inhabitants, including
the residential district and overall residential facilities. Public services are involved in
many elements, and the efficiency of these services is very important considering the
low population density of the QTP. To achieve the sustainable development of human
settlements, the QTP should focus on the improvement of education, health care, and other
public services [81]. Infrastructure is the lifeline for improving human settlements. With the
promotion of policies such as China Western Development, the infrastructure of the QTP
is being gradually improved. Considering the natural conditions of the QTP, improving
transportation holds priority because the transport infrastructure reshapes the regional
spatial pattern by changing the location conditions [87,88]. On the basis of the study of
Gao et al. [89], the regional connectivity of the QTP has gradually increased via a “mesh”
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transport network. Nonetheless, related problems can still be observed [90], including
delays in the overall construction and an insufficient comprehensive synergy, which both
need to be improved urgently.

Based on the results of human settlement quality, we suggest that the government
should improve the future quality of the human settlements in the QTP via the following
aspects. Firstly, the local government should pay attention to the reduction in the differences
in human settlement quality across the counties. On the basis of the unique resource
endowment of the QTP, the government should capture appropriate economic development
models, strengthen the infrastructure construction of the human settlements, maximize the
advantages of the high-level counties, promote the exchange and flow of various factors
among the counties, form complementary advantages and reasonably allocate resource
elements, and promote the steady improvement of the quality of the human settlements in
the QTP. Secondly, the government should increasingly improve the projects, policies, and
regulations related to human settlement construction in the QTP to ensure that support
for the human settlements is gradually enhanced and that human settlement quality
grows. Amonyg all factors, implementing projects is key, including the projects of rural and
urban living environment improvement, industrial and mining pollution prevention and
control, and environmental protection projects related to integrated watershed management.
Especially in recent years, the increasing intensity of human activity has led to increased eco-
environmental stress [91], and natural environment quality in the QTP has been influenced
by this. The fragile sensitivity of the QTPs own natural environment has become an
important factor restricting the improvement of the human settlement quality. Thus,
environmental protection projects are also necessary. Thirdly, based on the results of the
obstacle degree model, the government should focus on resolving the main obstacles.
Human settlement quality can be regarded as a large, complex, and dynamic system.
The factors influencing human settlement quality include many aspects, such as natural
environment, social development, economic development, and the supporting systems.
The natural environment is not easy to change, but living conditions, public services,
and infrastructure are [20,92] and form the main obstacles of human settlement quality
in the QTP. Based on the evaluation results, there are similar spatial patterns among
the levels of living conditions, public services, and infrastructure. Thus, it is necessary
to establish an overall concept and increase cooperation efforts in resolving different
obstacles to the quality of human settlements, including living conditions, public services,
and infrastructure.

There are still some limitations in our study. Our study applied multi-source data for
assessing the quality of human settlements, and the factors of human settlements were
selected from five aspects: natural environment, infrastructure, economic development,
living conditions, and public services. Some negative elements (e.g., crime rate and un-
employment rate) were relevant to the quality of the human settlements [5], but these
data could not be obtained. Thus, those elements were not put into the evaluation system.
Moreover, there is a difference in the number of indicators under the five aspects of human
settlements because of the differences in the availability of the data. Although the objective
weighting method applied in our paper has weakened the impact of the different numbers,
the incomplete indicators still need attention. In subsequent research, we will conduct
studies to improve these evaluation indicators. The human settlements were evaluated by
objective indicators, but this does not mean that the local residents are satisfied with the
quality in their human settlement. In future research, field surveys or questionnaires are
needed to analyze residents’ satisfaction with their human settlement from a subjective
perspective so as to test the objective evaluation results.

5. Conclusions

On the basis of the remote sensing data, POI data, meteorological data, statistical data,
and other types of data, this study calculated human settlement quality via entropy TOPSIS
methodology. Then, by implementing spatial autocorrelation analysis and a coefficient of
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variation, this study analyzed the spatial distribution patterns of human settlements in
the counties of the QTP. Finally, the hindering factors were identified via obstacle degree
modeling. The main conclusions can be summarized as follows:

(1) The quality of the human settlements in the counties of the QTP was calculated
using the entropy TOPSIS method, and then five levels were determined via the Jenks
natural breakpoint method. The classification results are as follows: 18 high-level areas,
45 mid- and high-level areas, 44 mid-level areas, 79 mid- and low-level areas, and
28 low-level areas. The average score of the whole region is 0.1525. A total of 65% of
the counties are below the average value.

(2) From the perspective of spatial patterns, the quality of the human settlements in
the QTP varies greatly, and the overall score is relatively low. The quality of the human
settlements generally takes a ring form, declining from the outside to the inside. The
distribution pattern can be described as follows: the north is higher than the south, the east
is slightly higher than the west, and the surrounding area is higher than the interior.

(3) The high-high clustering trend is significant among counties in the north of the
QTP, whereas sporadic high-value distribution is apparent among the southern counties.
By contrast, the low—low clustering trend is obvious in the south-central QTP and the zone
where Tibet, Qinghai, and Sichuan meet.

(4) According to the variation coefficient, the variability of the human settlements in the
QTP is in the order of Sichuan < Yunnan < Gansu < Xinjiang Autonomous Region < Tibet
Autonomous Region < Qinghai.

(5) The main first-level obstacles affecting the quality of the human settlements in
the QTP are living conditions, with a high obstacle degree of 31.46%, followed by public
services and infrastructure. The cumulative obstacle degree of these three items is high
(73.75%). The top three factors with the highest obstacle degree among the second-level
indicators are the number of living service facilities, the number of residential districts, and
the density of road networks.

(6) In our study, there are some limitations regarding the selection of the measurement
indicators. In subsequent research, we will improve the evaluation indicators. Moreover,
we also will conduct field surveys or questionnaires on residents’ satisfaction with the
human settlements to test the objective evaluation results.
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