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Abstract: In fragile and impoverished areas, identifying the interrelationship between livelihoods
and ecosystem services can help protect the ecological environment and improve human well-being.
This study selected the “One River and Two Tributaries” region (ORTTR) in Tibet with a fragile,
sensitive ecological environment as the study area. With the years 2000, 2005, 2010, 2015, and 2020 as
the research time points, a coupled evaluation model of residents’ livelihood and land ecosystem
services was constructed to study the relationship between the two. Results showed that from 2000 to
2020, the coupling degree and coupling coordination degree between the two continued to increase
because of the improvement in residents’ livelihood and ecosystem services. The level of coupling
coordination gradually changed from a reluctant coordination stage to a moderate coordination stage.
The coupling coordination degree showed more revealing results than the coupling degree in time
scale. The relative development type between the two was mainly of the type lagging residents’
livelihood. By considering the physical geography and socio-economic characteristics and the relative
development types, the counties and districts in the ORTTR are divided into ecological conservation
areas, ecological restoration areas, and ecological reconstruction areas. The coupled model can
evaluate the relationship between livelihoods and ecosystem services from a systematic integration
perspective and provide scientific support for the improvement of regional human well-being.

Keywords: residents’ livelihoods; land ecosystem services; spatiotemporal changes; coupled models;
“One River and Two Tributaries” region in Tibet

1. Introduction

Ecosystems provide humans with a diverse range of goods and services that support
their survival and development [1]. Around the world today, the magnitude and rates of
ecosystem change are undermining the sustainability of some fragile and impoverished
areas that rely directly on ecosystem services for their livelihoods [2,3]. Ecosystem services
are the benefits that humans obtain from ecosystems [4]. They refer to life support products
and services directly or indirectly obtained through the structure, process, and function
of the ecosystem, and they form and maintain the natural environment conditions and
utility on which human survival and development depend [5,6]. The Millennium Eco-
logical Assessment divides ecological services into provisioning, regulating, cultural, and
supporting services [7]. In recent years, ecosystem service value has become a hotspot in
sustainable development research [8,9]. In regions relying on natural resources for produc-
tion and development, areas with a high supply of ecosystem services tend to have low
livelihood levels [10,11]. An obvious relationship exists between the vulnerability of the
ecological environment or the importance of the ecological environment and the livelihood
of residents [12-14].
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“Livelihood” is defined in the dictionary as “a means or way of living”, which is
the basic concept of the sustainable livelihood analysis framework [15-17]. Livelihoods
consist of abilities, assets (including physical and social resources), and actions required
for living [18]. At present, sustainable livelihood analysis frameworks are of three main
types [19], namely, the sustainable livelihood analysis framework established by the De-
partment for International Development (DFID) of the United Kingdom [15], the farmers’
livelihood security framework proposed by the Cooperative for American Remittances
to Everywhere [20], and the sustainable livelihood approach proposed by the United Na-
tions Development Programme [21]. Among these sustainable livelihood frameworks, the
framework developed by the DFID is the most widely used and the most typical [22,23].
DFID’s conceptual framework consists of five parts: vulnerability background, livelihood
capital, organizational structure and policy system, livelihood strategy, and livelihood
status [15,23]. In the framework, livelihood capitals refer to the resource base of a commu-
nity and of different categories of residents, and they are grouped into human, natural,
financial, physical, and social capitals [15,24]. DFID’s framework is a good approach to sus-
tainable livelihood analysis that provides a checklist of important issues for development
and poverty research and emphasizes the multiplicity of interactions among the different
factors that affect life [15]. Scholars have employed different approaches to explore the
influencing factors of livelihoods, such as the structural equation model [25], livelihood
resilience evaluation model [26], gray correlation model [27], participatory method [28,29],
and coupling model [30]. Through these methods, the relationships between livelihoods
and the factors (i.e., land use, ecological conservation policy, poverty alleviation) were
analyzed in different ecologically vulnerable, sensitive, and economically poor areas. The
above-mentioned research has shown that the relationship between ecosystem services
and residents’ livelihood is very close, so deeply analyzing and exploring the relationship
between the two is necessary.

Understanding the relationship between livelihood and ecosystem service is im-
portant not only for the purpose of scientific research but also to inform policy and
practice [3,31-33]. Existing research has explored the relationships between residents’
livelihoods and ecosystem services. Some conceptual models have been developed to
study the interaction between livelihood and ecosystem services, such as ecosystem
services—livelihood adaptation framework [2], spatial targets and sustainable livelihoods
analytic framework of payment for ecosystem service program [34], framework for cost—
benefit analysis of ecosystem service providers and beneficiaries [35], landscape framework
for food and livelihood security and ecosystem services [36], and framework of ecosystem
services, human well-being, and poverty alleviation [37]. These conceptual models provide
a practical basis to study the ecosystem services and residents’ livelihood. From the per-
spective of livelihoods, some studies have focused on the impact of changes in ecosystem
services on livelihoods. They found the changes in grassland [38,39], forest [40,41], man-
grove [42], homegardens [43,44], and wetland [45,46] ecosystem services because of climate
change, land use change, or human factors produced an important impact on residents’
livelihood. The land use change process affects the transformation of the ecosystem struc-
ture and function to a certain extent, and land use change is an important cause of ecosystem
service changes [47-49]. Changes in land use lead to changes in ecosystem services, which
also affect people’s livelihoods [50,51]. Some other studies have tried to quantify the con-
tribution of ecosystem services to livelihoods [52-55] in different landscapes and clarify
the impacts of payment for ecosystem services on local livelihoods [56-59]. Unreasonable
utilization of ecosystem services cannot sustain life effectively and is an important cause
of ecological degradation [17]. During the formulation and implementation of ecological
compensation policies, if the relationship between ecosystem services and livelihoods is
not fully considered, its effects will be greatly affected [17,60,61]. From the perspective
of livelihoods, some studies have focused on the livelihood dependence on ecosystem
services [62,63] and tried to improve livelihoods by resilient livelihood strategies to cope
with changes in ecosystem service provisions [64—66]. Ecosystem services are the basic



Land 2022, 11, 1377

30f23

life guarantee for residents’ survival and development [1]. The improvement of residents’
livelihood depends on the improvement of ecosystem services, and livelihoods react to the
composition and structure of ecosystems, resulting in changes in ecosystem services [30,67,68].
Therefore, the key to improving the livelihood of residents and protecting the ecological environ-
ment is to scientifically understand the coupling relationship between the livelihood of residents
and ecosystem services. Only with a full understanding of the interaction between the two can
we maintain a livelihood and ecological balance and achieve regional sustainable development.

Within the previous literature on livelihoods and ecosystem services, research on the
coupling relationship between livelihoods and ecosystem services remains insufficient. Few
research studies consider the interaction between livelihoods and ecosystem services from
a systematic integration perspective. To close the gap, there is a great need for research
that employs a coupling model to assess livelihoods and ecosystem services. Coupling
is a physical concept that is used to describe the state of interaction and coordination
between two or more systems [69]. Coordination degree aims to quantitatively reflect
the coordinated development of multiple systems, that is, whether they are in a state
of imbalance or coordination, and control measures are timely taken according to the
changing trend of coordination degree. The coupling coordination model has obvious
advantages in analyzing the complex system relation composed of multiple factors and
levels, and it can better reflect the structure and function of complex systems [70,71]. Hu-
man, natural, financial, physical, and social capital are involved in the improvement of
livelihoods. Therefore, livelihoods and ecosystem services are not one-dimensional, and
they are relatively complex systems. The coupling model can be employed to quantify the
coupling level and coupling coordination level between livelihoods and land ecosystem
services. Some research has used the coupling model to identify the relationship between
ecosystem services and residents’ income [72] and between ecological compensation and
farmers’ livelihood [27], which provides an important reference for the coupling coordina-
tion between livelihoods and land ecosystem services. By studying the evolution law of
residents’ livelihood and land ecosystem services, the coupling relationship between the
two systems can be revealed, thus providing a reference for improving residents’ livelihood
and protecting the ecological environment.

As the main body of the Qinghai-Tibet Plateau, Tibet’s ecological value is mainly man-
ifested by its huge gene pool on Earth; it is an important initiator of the world’s climate, the
solid reservoirs in the surrounding areas, the source of rivers, and an ecological barrier in
eastern China [73,74]. However, with the acceleration of urbanization and industrialization
and the disorderly development and utilization of natural resources, the ecosystem of Tibet
has been severely damaged [75]. The “One River and Two Tributaries” region (ORTTR) in
Tibet is a fragile ecological environment, and it is a typical interlaced area of valley-type
planting, agriculture, and animal husbandry [76]. Tibet has harsh natural conditions [77].
Affected by the alpine natural geographical environment and the harsh conditions for the
development and utilization of agricultural resources, agricultural resources are mainly
distributed in the ORTTR with low altitude, good water and heat conditions, and fertile
soil [78]. The farmers and herdsmen in the study area converted the primary industry to sec-
ondary and tertiary industries through labor and successfully diversified their livelihoods,
and improved their living standards [79]. This area is the political, economic, religious,
and cultural center of Tibet. It is an area characterized by early development and rapid
economic development in the Tibet Autonomous Region. Local farmers and herdsmen
utilize the products and services provided by the ecosystem to maintain their livelihoods
and exert various impacts on the structure and function of the ecosystem; meanwhile, the
ecosystem maintains the ecological security of the basin by providing water conservation,
soil conservation, and other services and affects the improvement of agriculture, animal
husbandry, and people’s livelihood. Hence, they have a close coupling relationship. In-
vestigating the relationship between residents’ livelihoods and land ecosystem services in
the ORTTR is the premise of promoting regional sustainable development. Against this
background, our work explores the following questions: (1) how to assess the coupling
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relationships between residents’ livelihoods and land ecosystem services in the ORTTR;
(2) are the coupling relationships improved in recent twenty years, and what are the rea-
sons; (3) and what is the policy implications of the coupling coordination results between
residents’ livelihoods and land ecosystem services in the ORTTR. To answer these ques-
tions, we employ the coupling model to quantify the coupling degree and the coupling
coordination degree between livelihoods and land ecosystem services from 2000 to 2020.
A relative development model is adopted to identify the lead-lag relationship between
livelihoods and land ecosystem services and zone the county-level ecological management.
By studying the evolution laws of residents’ livelihood and land ecosystem service value
in the ORTTR, this work provides a reference for improving residents’ livelihood level
and protecting the ecological environment. Related policy suggestions are proposed for
supporting ecological protection and high-quality sustainable development in the ORTTR.

2. Materials and Methods
2.1. The Study Area

ORTTR is located in the southwest of the Qinghai-Tibet Plateau, which is known as
the “Roof of the World”. Its coordinates are 28°20’ to 30°20’ north latitude and 87°00’ to
92°35’ east longitude, and it covers the middle reaches of Yarlung Zangbo River (One River)
and its tributaries, namely, Nianchu River and Lhasa River (Two Tributaries). This area
starts from Sangri of Shannan in the east, reaches Lazi of Shigatse in the west, reaches
Kailas Range Nyenchenthanglha Mountains in the north, and connects the Tibetan River
Valley in the south, including Lhasa, Shannan, and Shigatse regions. The administrative
area covers 18 counties/districts (Figure 1). The land utilization rate in the ORTTR is
extremely high [76], with a land area of 6.68 x 10* km? accounting for 5.52% of the total
land area of the Tibet Autonomous Region. The area of arable land accounts for more than
60% of the total area of arable land in the Tibet Autonomous Region, and the population
accounts for 36% of the total population of the Tibet Autonomous Region. The area is
located between 3284 and 7141 m above sea level and has a typical plateau temperate
monsoon semi-arid climate with mild climate, rain, and heat in the same period. The
average annual temperature is 4.7-8.3 °C, and the annual precipitation is 251.7-580.0 mm.
The precipitation is mainly concentrated from May to September, forming very obvious
dry and wet seasons [78].
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Figure 1. Geographical location of the study area.
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2.2. Data Collection and Collation

The five years of 2000, 2005, 2010, 2015, and 2020 in Tibet’s ORTTR were selected as
the research time points. The data used to calculate the residents’ livelihood capital index
were mainly from the Tibet Statistical Yearbook and China County Statistical Yearbook.
The national annual average grain price was from the China Grain Yearbook and the
State Administration of Grain and Material Reserves. The land use raster data with a
spatial resolution of 30 m in 2000, 2005, 2010, 2015, and 2020 were from the Resource
and Environmental Science and Data Center of the Chinese Academy of Sciences (https:
//www.resdc.cn/, accessed on 10 February 2022).

Land use classification data belong to China’s Multi-Period Land Use/Land Cover
Change Remote Sensing Monitoring Dataset. These data with a spatial resolution of 30 m
were constructed through manual visual interpretation, and the interpretation accuracy
exceeded 90%. This series of data divides land use types into first-level categories (arable
land, forest land, grassland, water area, construction land, and unused land) and secondary-
level categories (25 in all, including dryland, paddy field, shrub land, river canal, lake,
high-coverage grassland, etc.). Different ecosystem types were mapped to land types
in this study because land ecosystem services were to be assessed. In accordance with
classification standards, the characteristics of the land type of ORTTR and ecosystem
classification systems of Xie et al. [80], this study reclassified land use types into drylands,
paddy fields, mixed coniferous broad-leaved forest, shrubs, grasslands, meadows, wetlands,
deserts, bare land, water area, and glacier snow.

2.3. Calculation of Livelihood Capital

Livelihood capital refers to all kinds of capital needed by communities, farmers, or
villagers to survive or develop [15,24]. The calculation of residents’ livelihood level in this
study was mainly based on the sustainable livelihood analysis framework of the DFID,
and the five capital types of natural capital, human capital, physical capital, financial
capital, and social capital were regarded as the core elements of the comprehensive level
of residents” livelihood [15]. Considering the objectives of our work, natural capital is
defined as a stock of materials that can directly or indirectly provide human beings with
various ecosystem services [81]. In the ORTTR, this form of capital is mainly various land
ecosystems, including cultivated land, woodland, grassland, and water. Physical capital
refers to resources such as the material equipment that facilitate people’s life and production
and some provisioning services [24,82-84]. According to past studies [24,25,30,82-84],
village residential land, agricultural machinery, meat, and food are selected as measurement
indicators of physical capital in the ORTTR. Human capital is primarily composed of the
labor force, skills, and knowledge [82,85]. The number of rural populations, agriculture,
animal husbandpry, fishery practitioners, and ordinary middle school students are used to
measure human capital. Financial capital denotes the financial resources that people use to
achieve their livelihood objectives [24,86]. Savings deposits and industrial output value
are selected as measurement indicators of financial capital in the ORTTR. Social capital is
taken to mean the social resources upon which people draw in pursuit of their livelihood
objectives [24]. According to the past studies [27,30], urbanization level can reflect social
support level to livelihoods. Medical and health institution beds and urbanization levels
are used as two indexes to measure social capital. In accordance with the data availability,
natural resources, local characteristics, cultural customs, economic development status,
and characteristics of residents’ lives in the ORTTR, 15 typical livelihood capital evaluation
indicators were selected in this study to construct the residents’ livelihood capital level
index system, as shown in Table 1.

The calculation of each capital type index of residents’ livelihoods includes three steps.
First, the original data are made dimensionless. Second, the entropy method is used to
assign weights to each capital type index (Table 1). Lastly, the indicators are aggregated to
calculate each capital type index and overall livelihood capital index. In the calculation
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process of the overall livelihood capital index, the five capital types were equally important,
and the weight is the same [79,87].

Table 1. Measurement of livelihood capital in the ORTTR.

System Index Sign Layer Quantification of Indicators (Dimensions) Weight
Cultivated land Per capita cultivated land area (ha/person) 0.14
Natural capital Woodland Per capita woodland area (ha/person) 0.40
P Grassland Per capita grassland area (ha/person) 0.20
Water area Per capita water area (ha/person) 0.26
Village residential land Per capita village residential land (square meter/person) 0.23
Physical capital Agricultural machinery Total power of agricultural machinery (10,000 kilowatts) 0.27
y P Meat Total meat production (ton/10,000 people) 0.21
Grain Total grain production (ton/10,000 people) 0.29
Livelihood capital Rural population Rural population (10,000 people) 0.38
Agriculture, animal husbandry, and Agriculture, animal husbandry, and fishery practitioners 0.27
Human capital fishery practitioners (10,000 people) i
Number of ordinary middle school Number of ordinary middle school students in school 035
students in school (10,000 people) ’
Savings deposits of urban and Balance of savings deposits of urban and rural residents 0.70
Financial capital rural residents (USD 10,000) :
Industrial output value Added value of the primary industry (USD 10,000) 0.30
Social capital Medical and health institution beds Number of hospital beds per 10,000 people 0.14
P Urbanization level Urbanization rate (%) 0.86

This study used the range standardization method to process the raw data of 15 livelihood
capital indicators. The formula is

Zij = (xz-]- — minxi]')/(maxxij — minxi]-) (1)

where Z;; represents the normalized value of the original data, x;; represents the original
data, minx;; represents the minimum value of the original data, and maxx;; represents the
maximum value of the original data.

As an objective weighting method, the entropy method can assign weights to the
selected evaluation indicators. The calculation steps are as follows:

Calculate the proportion p;; of the i-th scheme of the j-th indicator as follows:

pij = zij/ Y i, Zij 2

Calculate the entropy value e; of index j as follows:

6]' = —1/ In mZ:n:l Pz] In pl] (3)

Calculate the weight W; of the j-th indicator as follows:
Wi=(1-e)/Y 0, (1-¢) @)
Calculate livelihood capital LC as follows:
n
Le=Y, Wz, ©

On the basis of the livelihood capital index system of Table 1, the livelihood capital
level of the ORTTR in 2000, 2005, 2010, 2015, and 2020 can be calculated.

2.4. Calculation of Land Ecosystem Service Value

Costanza et al. [5] proposed an ecosystem service value evaluation method that has
been widely used in different countries [88-92], but the method has shortcomings when
directly applied in China [93]. The first version of the equivalent factor method based
on the unit area value proposed by Xie et al. [93] was used to evaluate the ecosystem
service values of six land types. The improved value—equivalent factor method based on
the unit area, was employed for the value assessment of 11 types of ecosystem services
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and 14 types of land in the country. The ecosystem service types included four categories,
namely, supply, regulation, support, and culture. The four categories of services were
further subdivided into 11 types of services: food production, raw material production,
water supply, gas regulation, climate regulation, environmental purification, hydrological
regulation, soil conservation, maintenance of nutrient cycling, biodiversity, and aesthetic
landscape. However, the equivalence factor table proposed by Xie et al. [80] reflects the
average level of ecosystem services in China and is not fully applicable to the ORTTR.
Therefore, this study appropriately revised the equivalence table in accordance with the
situation of the study area.

On the basis of the agricultural production situation in the ORTTR, the national grain
production level and price were used to modify the coefficient of the equivalent value of
land ecosystem services per unit area in the study area [80]. The grain planting area, grain
output, and annual average price of grain in 2000, 2005, 2010, 2015, and 2020 are shown in
Table 2.

Table 2. Grain planting area, grain output, and annual average price of grain in the ORTTR.

Year Grain Planting Area (hm?) Grain Production (ton) Average Price of Grain (USD/ton)
2000 255,188.16 529,259 159
2005 254,288.52 500,704 189
2010 249,349.14 489,379 271
2015 246,802.68 539,979 334
2020 242,637.21 548,744 322

The economic value of the food production service function provided by the farmland
ecosystem per unit area in the ORTTR of Tibet from 2000 to 2020 is estimated to reach
5.6134 million USD/hm?. Table 3 shows the ecosystem service value per unit area of the
land ecosystem in the ORTTR of Tibet. The land ecosystem service value in Tibet’s ORTTR
from 2000 to 2020 was calculated. The formula is as follows:

ESV =Y A x VG (6)

where ESV is the land ecosystem service value (USD), A; is the t area of each land use
type (hm?), and VC; is the ecological value service coefficient of the t-th land use type
(USD/hm?).

2.5. Coupling Model

Coupling refers to the relationship in which two or more system states interact and
influence each other [69]. Although the coupling degree can represent the mutual influence
between the livelihood of residents and ecosystem services, it is not a good measure of
the coordinated development between the two systems. Therefore, to effectively analyze
the degree of coupling coordinated development of residents” livelihoods and the land
ecosystem service value, a coupled coordination degree model was introduced in this
study. The coupling model [30,71] was used to calculate the relationship between residents’
livelihood and ecosystem services. The formula is as follows:

T = all; + bU, ()

C = \/thlha/ (ally + bL)? ®)
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Table 3. Ecosystem service value per unit area of land use types in the ORTTR (USD/hm?).
Provisioning Services Regulating Services Supporting Services Cultural
Services
Land Use Types o .
P Food Raw Material Water . Climate Environment Hydrology Soil Malnta'mlng Lo . Aesthetic
. . Resources Gas Regulation . e . . Nutrient Biodiversity
Production Production S Regulation Purification Regulation Conservation . . Landscape
upply Circulation
Dryland 65.4 30.8 1.5 51.6 27.7 7.7 20.8 79.3 9.2 10.0 4.6
Paddy field 104.7 6.9 —202.5 85.5 43.9 13.1 209.5 0.8 14.6 16.2 6.9
Mixed coniferous 239 54.7 285 181.0 541.3 153.2 270.3 220.2 16.9 200.2 87.8
broad-leaved forest

Shrub 14.6 33.1 16.9 108.6 325.7 98.6 258.0 132.4 10.0 120.9 53.1
Grassland 7.7 10.8 6.2 39.3 103.2 339 75.5 47.7 39 43.1 19.2
Meadow 16.9 254 13.9 87.8 232.6 77.0 170.2 107.0 8.5 97.8 43.1
Wetland 39.3 38.5 199.4 146.3 277.2 277.2 1865.7 1779 139 606.0 364.2
Desert 0.8 2.3 15 8.5 7.7 239 16.2 10.0 0.8 9.2 39

Bare land 0.0 0.0 0.0 15 0.0 7.7 2.3 15 0.0 15 0.8
River 61.6 17.7 638.3 59.3 176.3 427.4 7872.6 71.6 5.4 196.4 145.5
Glacier and 0.0 0.0 166.3 13.9 416 12.3 549.0 0.0 0.0 0.8 69

accumulated snow
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K=VTxC ©)

where C is the coupling degree, U is the normalized value of ecosystem services, and Uy is
the residents’ livelihood capital index. Given that the two systems are equally important,
a =b=0.5. T represents the correlation between the two systems, and K represents the
degree of coupling coordination. Coupling degree C is in the range of [0, 1]; the greater C
is, the greater the correlation between the two is. Coupling coordination degree K is added
to the coupling relationship between the two systems, and K is between [0, 1], which can
represent the coordinated development level of the two systems. By referring to existing
research results [30,69,71,72,94], the coupling degree and coupling coordination degree
range level of the two systems was divided in this study, as shown in Tables 4 and 5.

Table 4. Coupling type judgment criteria.

Judgment Conditions 0<C<0.39 0.40 < C <0.59 0.60 < C <0.79 080<C<1 C=1

Type of development

Low-coupling Maximum

Antagonistic stage Medium-coupling stage High-coupling stage

stage coupling stage

Table 5. Discrimination criteria for the coupling coordination type.

Partition Interval Coupling Coordination Degree (K) Grade
0.00-0.09 Extreme dissonance recession
Developmental disorder stage 0<K <039 0.10-0.19 Severe dissonance recession
P & = 0.20-0.29 Moderate dissonance recession
0.30-0.39 Mild dissonance recession
0.40-0.49 Close to dissonance recession
Transformation stage 040 <K <0.69 0.50-0.59 Reluctant coordination
0.60-0.69 Primary coordination
0.70-0.79 Moderate coordination
Coordinated development stage 070 <K<1. 0.80-0.89 Good coordination
0.90-1.00 Excellent coordination

The relative development index of the two was calculated to further identify the
leading-lagging relationship between residents’ livelihoods and land ecosystem services in
various districts and counties, and the relative development types were classified based
on the relative development index. All counties and districts in the research area were
divided into land ecosystem service lag type, residents” livelihood and land ecosystem
service development type, and residents’ livelihood lag type. The specific classification
criteria are shown in Table 6.

Table 6. Classification standard for relative development types.

Type

Relative Development Degree Classification

Relative development types

0<B=U;/Uy <09 Land ecosystem service lag
_ Synchronized development of residents’
09<p=th/U<11 livelihoods and land ecosystem services
g=Uy/Uy;>11 Residents’ livelihood lag

3. Results
3.1. Spatiotemporal Change in Residents’ Livelihood Capital

From 2000 to 2020, the overall livelihood capital index of the ORTTR in Tibet showed
an upward trend (Table 7). Among the five capital types, natural and human capital initially
increased then decreased, and financial and social capital showed a trend of continuous
growth. In 2000, the economic development of Tibet’s ORTTR was backward, and the
comprehensive level of livelihood capital was low at 0.14. Specifically, the human and
physical capital indexes were high at 0.25 and 0.20, respectively, but the natural, financial,
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2000

2015

and social capital indexes were low and in a period of severe scarcity. In 2005, the total
livelihood capital index area increased by 25.48% to 0.17, and both natural and human
capital increased significantly. In 2010, the residents’ livelihood capital index increased by
24.04% to0 0.21. In 2015, the residents’ livelihood capital index increased to 0.26, indicating an
increase of 21.03%. In 2020, the total livelihood capital index of residents was 0.28. Overall,
the total power of agricultural machinery in Tibet’s ORTTR in the past 20 years increased
by nearly five times compared with the value in 2000, and the balance of urban and rural
savings deposits increased by 94 times compared with the value in 2000. From 2000 to 2020,
Tibet’s ORTTR experienced rapid economic development, and the residents’ livelihoods
improved rapidly. In particular, social and financial capital increased significantly, changing
the backward production and living conditions in 2000.

Table 7. Residents’ livelihood capital index in the ORTTR from 2000 to 2020.

Capital Type 2000 2005 2010 2015 2020
Natural capital 0.10 0.17 0.22 0.23 0.21
Physical capital 0.20 0.18 0.19 0.25 0.18
Financial capital 0.04 0.05 0.10 0.24 0.42

Social capital 0.10 0.11 0.18 0.22 0.23
Human capital 0.25 0.34 0.37 0.36 0.33

Livelihood capital 0.14 0.17 0.21 0.26 0.28

From 2000 to 2020, the livelihood capital index of all districts and counties in the
ORTTR of Tibet increased (Figure 2). The livelihood capital of Sangzhuzi, Duilongdeqing,
and Naidong Districts was relatively high; the three areas are the municipal districts of
Shigatse, Lhasa, and Shannan, respectively. The GDP growth was fast, the per capita
medical beds and infrastructure were good, the level of education was high, and the living
standards of the residents were relatively high. As the distance between the county and
those three districts increased, the livelihood capital index decreased accordingly. The
livelihood capital index was the lowest in the northwest and southeast of ORTTR, indicating
that the livelihood capital index had a good relationship with the geographical location of
districts and counties.
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Figure 2. Spatiotemporal distribution of residents’ livelihood capital index in the ORTTR from 2000
to 2020.

3.2. Spatiotemporal Change in Land Ecosystem Service Value

From 2000 to 2020, the land ecosystem service value in Tibet’s ORTTR increased
by 1.58 billion USD, showing a trend of initially decreasing, then increasing, and finally
decreasing (Table 8). The ecosystem service values of forests and wetlands changed the
most; they increased by 6.87 and 10.75 times, respectively. From 2000 to 2005, the total value
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of ecosystem services was almost stable. From 2005 to 2010, the service value of forest and
wetland ecosystems increased significantly by 540.71% and 944.52%, respectively, resulting
in a sharp upward trend in the total value (i.e., an increase of USD 1.47 billion). Desert
and water areas had less growth than forests and wetlands. The values of farmland and
grassland ecosystem services decreased by 2.08% and 17.72%, respectively. The ORTTR is
an important valley for the development of agriculture and animal husbandry in Tibet. The
negative effect of the deterioration of its ecological environment on economic development
cannot be underestimated. From 2010 to 2020, the total value of land ecosystem services
was stable, and no major increase or decrease was observed in the various ecosystems.

Table 8. Changes in the land ecosystem service value in Tibet's ORTTR in 2000, 2005, 2010, 2015,
and 2020.

Land Use Types

Land Ecosystem Service Value (ESV/a Hundred Million USD) Rate of Change (%)

2000

2005 2010 2015 2020 2000-2005 2005-2010 2010-2015 2015-2020

Farmland 0.79
Forest 2.57
Grassland 31.35
Wetland 0.05
Desert 0.16
Water area 12.36

Total

47.28

0.78 0.77 0.76 0.75 —0.35 —2.08 —0.89 —1.69
2.57 16.47 17.68 17.66 —0.01 540.71 7.37 —0.14
31.35 25.79 26.05 26.04 —0.02 —-17.72 0.99 —0.04
0.05 0.50 0.52 0.52 0.00 944.52 2.86 0.04

0.16 0.26 0.25 0.25 0.00 61.92 —2.75 —0.05
12.36 18.16 17.92 17.83 -0.02 46.93 -1.30 —0.51
47.27 61.95 63.19 63.05 —0.02 31.07 1.99 -0.22

2 0.64-2.06
; $ 2.07-4.12
i o I 4.13-6.17

2000

N

2015

According to the spatiotemporal distribution of land ecosystem service value (Figure 3),
from 2000 to 2020, the land ecosystem service value of Xietongmen was at the highest level
mainly because Xietongmen is located in the northwest of the study area, and it has a high
altitude, high vegetation coverage, and many woodland and grassland areas. In 2020, the
forest land and grassland areas in Xietongmen accounted for almost 25.39% and 15.90%
of the total forest land and grassland areas in Tibet’s ORTTR, respectively. The value of
ecosystem services in the western region was higher than that in the eastern region, and
the value of ecosystem services in the central region was the lowest. From 2000 to 2020, the
cultivated land, forest land, grassland, and water area of Nimu, Qushui, Duilongdeqing
District, Dazi, Naidong District, and Qiongjie in the central region were smaller than those
of other districts and counties, resulting in a low land ecosystem service value. Although
the land ecosystem service value increased, it was still at a low level.

N
2005 2010 A

2020 Ecosystem service value (billion dollars)

I 6.18-8.23
I 8.24-10.97
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Figure 3. Spatiotemporal distribution of ecosystem service value in the ORTTR from 2000 to 2020.

3.3. Coupling Relationship between Residents” Livelihood and Land Ecosystem Services
3.3.1. Coupling Degree
The overall coupling degree between residents’ livelihoods and land ecosystem ser-

vices in the ORTTR of Tibet has been increasing, albeit at a slow growth rate (Table 9).
From 2000 to 2010, the coupling degree of residents’ livelihood and land ecosystem service
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value was at a moderate coupling stage in a state of slow growth, and the change range
was weak. From 2010 to 2015, the coupling degree showed a slow upward trend from
moderate coupling to high coupling. From 2015 to 2020, the coupling degree between the
two systems increased slightly, and it was still at the stage of high coupling.

Table 9. The overall coupling degree and coupling coordination degree between residents” livelihood
and land ecosystem service value in the ORTTR from 2000 to 2020.

Year Coupling Degree Coupling Types Coupling Coordination Degree =~ Coupling Coordination Types
2000 0.72 Medium-coupling stage 0.57 Reluctant coordination
2005 0.78 Medium-coupling stage 0.60 Primary coordination
2010 0.77 Medium-coupling stage 0.68 Primary coordination
2015 0.81 High-coupling stage 0.71 Moderate coordination
2020 0.82 High-coupling stage 0.72 Moderate coordination

The coupling degree of residents’ livelihood and land ecosystem service value in the
districts and counties of Tibet’'s ORTTR was mainly distributed within the high coupling
interval (Figure 4). In terms of time scale, in 2000, 2005, and 2010, the study area had
16 highly coupled districts and counties, accounting for 94.12% of the entire ORTTR and
only one moderate-coupling county. From the perspective of the change process, from
2000 to 2010, the number of medium- and high-coupling districts and counties did not
change, but the coupling value of each county increased. This result indicates that since
2000, the interaction between residents’ livelihood and land ecosystem services has been
increasing. Given that Xietongmen changed from moderately coupled to highly coupled in
2015, the proportion of highly coupled counties in the study area reached 100%. In 2020,
the number of highly coupled districts and counties remained at 100%, and the coupling
degree of Duilongdeqing and Naidong Districts decreased significantly, but they were still
at the highly coupled stage. The reason may be that the urbanization process of the two
districts is faster than that of other districts and counties; as a consequence, the ecosystem
service is reduced, and the livelihood capital grows rapidly, resulting in a decrease in
the coupling degree of the two systems. According to the spatiotemporal distribution
of the coupling degree (Figure 4), Xietongmen is a moderately coupled county, which is
mainly distributed in the northwest of ORTTR. The per capita cultivated land, forest land,
grassland, and water area in Xietongmen are large and contribute greatly to ecosystem
services. However, the added value of the primary industry and the savings amount of
urban and rural residents are low, the per capita number of medical and health beds is
small, and the infrastructure is poor, resulting in a low level of residents’ livelihood and a
moderate coupling in Xietongmen. The formation of highly coupled districts and counties
is mainly due to the fact that the livelihood capital and ecosystem service indices are at
medium levels, and the development of the two systems is relatively balanced; hence, the
coupling degree of the two systems in these districts and counties is relatively high.

3.3.2. Coupling Coordination Degree

According to Table 9, from 2000 to 2020, the coupling coordination degree of the two
systems in the ORTTR was between 0.57 and 0.72. From 2000 to 2005, the coupling and
coordination degree of the two increased from 0.57 to 0.60 with a slow growth rate of
5.83%, shifting from the transition stage of reluctant coordination to the transition stage of
primary coordination. From 2005 to 2010, the coupling coordination degree between the two
increased from 0.60 to 0.68, showing an increase of 12.92%, and it was still under primary
coordination at the transformation stage. From 2010 to 2015, the coupling coordination
degree between the two increased from 0.68 to 0.71 with a growth rate of 5.41%, shifting
from the transition stage of primary coordination to the coordinated development stage
of moderate coordination. From 2015 to 2020, the degree of coupling and coordination
increased slightly from 0.71 to 0.72, and it remained at the coordinated development stage
of moderate coordination.
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Figure 4. Spatiotemporal distribution of the coupling degree between residents’ livelihoods and land
ecosystem service value in the ORTTR of Tibet from 2000 to 2020.

In 2000, ORTTR had one moderate-imbalance recession, five mild-imbalance re-
cessions, seven near-imbalance recessions, and four reluctantly coordinated transitions
(Figure 5). In 2010, one moderate-dissonance recession, one mild-dissonance recession,
seven near-dissonance recessions, four barely dissonance recessions, three primary co-
ordinated transformations, and one moderate coordinated development were observed.
From 2000 to 2010, the categories of mild-dissonance and near-dissonance recessions were
transformed into near-dissonance recession and barely coordinated transition, respectively.
Mild dissonance decreased from 29.41% in 2000 to 5.88% in 2010, and primary coordination
and moderate coordination increased from 0% to 17.65% and 5.88%, respectively. In 2020,
one moderate-dissonance recession, no mild-dissonance recession, six near-dissonance
recessions, five barely coordinated transformations, three primary coordinated transfor-
mations, and two moderate coordinated development cases were observed. From 2010 to
2020, the category of mild-dissonance recession was cleared, and it changed to the cate-
gory of near-dissonance recession. The moderate coordinated development category also
increased. However, from 2000 to 2020, Qiongjie was at the stage of moderate-dissonance
recession. The remaining districts and counties rose by one or several stages. From the
spatiotemporal distribution of coupling coordination in the ORTTR shown in Figure 5, the
coupling coordination degree of the western districts and counties was higher than that
of the eastern districts and counties, and the coupling coordination degree of the eastern
districts was higher than that of the central region. Qiongjie was the only one that belonged
to the moderate-dissonance recession category. In 2020, Qiongjie residents lacked natural
capital, financial capital, and human capital for their livelihood. Their livelihood capital
index was 2-9 times lower than that of other counties, and their economic development
was relatively backward. At the same time, the ecosystem service value was 2-20 times
lower than that in the other counties. The coupling coordination of the two systems was
poor. From 2000 to 2010, the scope of mild-dissonance regions in the central and eastern
regions gradually narrowed, the coupling coordination degree in the western and eastern
regions increased significantly, and the regional scope gradually expanded. From 2010 to
2020, the number of districts and counties close to dissonance in the central and eastern
regions decreased, and all districts and counties in the northwestern region reached the
primary coordinated development category. Overall, the degree of coupling coordination
between the two systems gradually weakened from the northwest and northeast regions to
the central region.
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Figure 5. Spatiotemporal distribution of the coupling coordination degree between residents’ liveli-
hoods and land ecosystem services in the ORTTR from 2000 to 2020.

3.3.3. Relative Development Index

From 2000 to 2020, the relative development type of residents’ livelihood and land
ecosystem service in the ORTTR was mainly based on the lagging type of residents’ liveli-
hood (Figure 6). From 2000 to 2020, the number of districts and counties with lagging
livelihoods decreased from 13 to 10. The number of districts and counties with simultane-
ous development of residents’ livelihoods and ecosystem services was reduced from 4 to 2,
and the number of districts and counties with lagging ecosystem services increased from 0
to 5. Figure 6 reveals that the districts and counties around Chengguan District, such as
Duilongdeqing District, Naidong District, Qushui County, and Lazi County, have gradually
developed from a type of lagging residents’ livelihoods and a type of synchronous develop-
ment to a type of lagging ecosystem services. As the main economic development area in
the western part of ORTTR, Sangzhuzi District has accelerated its economic development
after being set as a municipal district, and it has developed from a type of lagging residents’
livelihood to a type of lagging ecosystem services. This result shows that with the develop-
ment of the social economy and the acceleration of urbanization, the livelihood capital of
residents has gradually increased, and the land ecosystem has been affected, resulting in a
decrease in the number of districts and counties with lagging livelihoods and an increase
in the number of districts and counties with lagging ecosystem services.
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Figure 6. Spatiotemporal distribution of the relative development between residents” livelihoods and
land ecosystem services in the ORTTR of Tibet from 2000 to 2020.
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4. Discussion
4.1. Coupling Relationship between Residents’ Livelihoods and Land Ecosystem Services

Identifying the relationships between livelihoods and ecosystem services and incor-
porating effective results into management practices were conducive to achieving region
sustainability [11,31,62,95]. The existing research focused more on the contribution of
ecosystem services to the residents’ livelihood [52-55] or the impact of livelihood activities
on ecosystem services [96-98]. The interaction (i.e., coupling degree, coupling coordinate
degree, and relative development index) between livelihoods and ecosystem services failed
to be identified from a systematic integration perspective. The spatiotemporal dynamics
of coupling relationships could not be detected because of the limitations of methods and
data [33,64]. Existing research mainly applied a questionnaire survey [50,54,57,62,99] to
quantify the livelihoods. However, the methods are unable to analyze the dynamic changes
of the relationships between the two systems because the long-term data were difficult to
be accumulated, thereby introducing challenges in identifying spatiotemporal dynamics
of coupling relationships under a complex background (e.g., urbanization and ecologi-
cal environmental change). Our research in the ORTTR of Tibet explored the coupling
relationship between residents’ livelihoods and land ecosystem services using a coupled
model from 2000 to 2020. The livelihood capital index was used to quantify the residents’
livelihood level. Ecosystem service value was utilized to quantify the land ecosystem
service level. Our study sheds light on the relationships between residents’ livelihoods and
land ecosystem services and their dynamics by quantifying the coupling degree, coupling
coordinate degree, and relative development degree between the two from 2000 to 2020
on the county scale. The research revealed three major findings that could be important
for further exploration of the coupling relationships between livelihood and ecosystem
service in other similar areas. The findings of the research can be summarized in the
following major points: (i) the coupling degree and coupling coordinate degree between
livelihood and ecosystem service continued to increase from 2000 to 2020, (ii) the coupling
coordination degree showed more revealing results than the coupling degree in time scale,
and (iii) identifying the relative development types by relative development index between
livelihood and ecosystem service was conducive to ecosystem management zoning of the
study area.

Our results have shown that the residents’ livelihood capital index doubled from 0.14
to 0.28 during the study period. The continuous improvement of the financial and social
capital provided strong support for the development of the residents’ livelihood. Actually,
in the whole of China, the total scale of livelihood capital has increased greatly and has
maintained a trend of continuous increase with the development of land use. The rate of
change in the western region is lower than that in the central and eastern regions of China,
and the imbalance in the development of national livelihood capital has intensified [94].
Poverty livelihoods mainly occurred in the Qinghai-Tibet Plateau [27], and our study in the
ORTTR of Tibet has important policy value. During the study period, the coupling degree
between residents’ livelihood and land ecosystem service value in the ORTTR of Tibet
remained at the medium-high coupling stage, and an intense interaction exists between the
residents’ livelihood and the land ecosystem services. Although a series of large-scale or
super-large ecological protection projects have achieved remarkable results in the field of
ecological protection in the past 20 years [72,100], a win-win situation between livelihood
improvement and ecological conservation remained challenging. In the ORTTR of Tibet,
ecological protection measures need to consider the dual goals of safeguarding critical
ecosystem services and improving residents’ livelihoods to achieve harmonious coexistence
between man and nature and attain regional sustainable development. Some other relevant
studies [101,102] also confirmed that. Human well-being will suffer if people’s livelihoods
are not considered. Although the coupling coordination degree of residents’ livelihoods and
land ecosystem services increased, the relative development degree of the two systems in
most districts and counties was of the residents’ livelihood lagging type, which introduced
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challenges about how to achieve win-win of livelihoods and land ecosystem services in the
ORTTR of Tibet in the future research.

Our study applied an effective method for assessing the coupling relationship between
residents’ livelihoods and land ecosystem services. However, there are still some limitations
in the selection of measurement indicators. In our study, the evaluation factors of livelihood
capitals were selected from five aspects: natural capital, human capital, physical capital,
financial capital, and social capital [15]. The selection of evaluation indicators followed the
principles of indicator diversity and data availability. Some indicators (e.g., expenditures
on social interaction, loan amounts, and income structure) were relevant to the livelihood
capital [81-86], but the data availability could not be guaranteed. Therefore, those indicators
were not selected in the evaluation system. Although our indicators have covered all the
capital types, the impact of the incomplete indicators still need to be attention. In the
following research, we will conduct research on some other availability data. Residents’
livelihoods of the ORTTR can be more fully and convincingly assessed in the future.

4.2. Influencing Factors

This study used a coupling model to identify the spatiotemporal changes in the
coupling relationship between residents’ livelihoods and land ecosystem services in the
ORTTR from 2000 to 2020. Overall, the coupling degree and coupling coordination degree
between residents’ livelihoods and land ecosystem services increased. The coupling degree
increased from 0.72 in 2000 to 0.82 in 2020 (an increase of 13.75%), and the coupling
coordination degree increased from 0.57 to 0.72. The proportion of districts and counties
in recession and imbalance decreased from 76.47% to 41.18%. The direct reason is that
during the study period, the residents’ livelihood and the land ecosystem service value in
the ORTTR were improved.

The ORTTR has a flat terrain and excellent agricultural planting conditions [76]. Its
area of arable land accounts for more than half of the total area of arable land in Tibet [78]. It
is the birthplace of Tibetan culture. China has included the comprehensive development of
the ORTTR as a key construction project in the National Eighth Five-Year Plan and Ten-Year
Plan. A total of USD 0.16 billion was allotted to support Tibet. The central basin of the
ORTTR is an agriculturally comprehensive area with the highest investment and the largest
development scale. It is the largest comprehensive agricultural and animal husbandry
development project in Tibet’s history that includes water conservancy, planting, animal
husbandry, and forestry in more than 200 key development and construction projects. This
project has made the three rivers the “Golden Triangle” of Tibet’s economic development,
benefiting 800,000 people. The completion of numerous basic agricultural and animal
husbandry projects has greatly improved the production conditions of agriculture and
animal husbandry in Tibet. The production and lifestyle of farmers and herdsmen relying
on the sky for food and raising animals are becoming history, and agricultural and animal
husbandry production has begun to move toward modernization. The supportive policies
have laid a good foundation for the future development of Tibet’s ORTTR and improved
the infrastructure conditions of the Tibet Autonomous Region. Livelihood capital has been
continuously improved. For example, the grain and meat outputs in the ORTTR and the per
capita income of farmers and herdsmen have increased significantly in the past 20 years. In
the past 20 years, the urban and rural medical and health service systems have been further
improved, and free compulsory education has been implemented. All of these provide an
effective guarantee for the improvement of the livelihood of residents in the ORTTR.

The enhancement of the land ecosystem service value is directly affected by land
use change. The type of land use directly determines the value of ecosystem services,
and the effect of different land use type changes on ecosystem services value is different.
Some scholars [103-105] found urbanization processes could produce a negative impact
on ecosystem services. In some ecological sensitive areas, ecosystem service value could
be improved because of ecological protection or restoration [106-108]. In the ORTTR,
ecosystem service value has changed because of the changes in different land use types.
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From 2000 to 2020, the main land use types in Tibet's ORTTR were grassland, unused land,
and forest land, followed by cultivated land, water area, and construction land. From
2005 to 2010, the area of land use types in the ORTTR underwent great changes, and the
area of forest land, water area, construction land, and unused land increased rapidly. The
newly added forest land area is 944,200 hectares, the unused land area is 749,600 hectares,
the water area is 48,300 hectares, and the construction land area is 285,100 hectares. The
areas of cultivated land and grassland showed a decreasing trend. The cultivated land
area decreased by 5300 hectares, and the grassland area decreased the most, namely,
944,200 hectares. The reason for the increase in the area of construction land may be that in
2014, county-level Shigatse was changed to Sangzhuzi District. In 2015, Duilongdeqing was
removed from the county level and changed into a district. In 2016, Naidong was removed
from the county level and transferred to the district level. To meet the needs of urban
development, the urbanization process has accelerated, and cultivated land, forest land,
and grassland have been occupied and converted into construction land, resulting in an
increase in the area of construction land. The greatest decrease in the grassland ecosystem
service value was due to the prominent contradiction between grass and livestock in the
river valley. Eighty percent of livestock are concentrated in the river valley of the ORTTR,
resulting in the overgrazing of grassland, a decline in the proportion of fine grass, the
depletion of water sources, and the intensification of desertification. Although grassland
reduction and urbanization process produced a negative impact on ecosystem service value,
woodlands increase markedly improved ecosystem service value. Moreover, the newly
added wetlands and water areas made up for the decline of the ecosystem service value
caused by the reduction of grassland, increased the diversity of ecosystem services, and
improved the ecosystem service value.

According to the calculation results of the correlation coefficient (Table 10), land use
area changes were the major factors that affected the coupling coordinate degree between
residents’ livelihoods and land ecosystem services. Woodland area and urbanization
level exhibited a positive correlation with the coupling coordinate degree. That is, the
higher the woodland area and urbanization level, the higher the coupling coordinate
degree. The major factors that exhibited a negative correlation were cultivated land area
and grassland area. During the study period, the coupling coordinate degree between
residents’ livelihoods and land ecosystem services increased with the decrease in cultivated
land area and grassland area, which might mean a decline in human activities. With the
enhancement of humans’ awareness of environmental protection, China has begun to
issue a series of ecological protection policies, and the ecological protection policies and
measures for Tibet’s ORTTR have been promoted. Since 2005, Shannan of the ORTTR has
been listed as a National Comprehensive Demonstration Zone for Sand Prevention and
Control by the National Forestry Administration. In the same year, the Planning of the
Comprehensive Demonstration Zone for Sand Prevention and Control in the Shannan
Area of Tibet (2005-2010) was compiled. From 2005 to 2010, the forest land area of the five
districts and counties in Shannan increased significantly, which promoted the improvement
of ecosystem service value from 2005 to 2010. The overall implementation of afforestation
and shelter forest construction projects in Lhasa and its surrounding areas has been good,
increasing the forest area and greatly improving the ecological environment of the study
area. In 2015, the afforestation and greening project in the “Two Rivers and Four Tributaries”
watershed in Tibet was launched, and Nanmulin, as the demonstration and starting area of
the “Two Rivers and Four Tributaries” project, effectively promoted the implementation
of the ORTTR ecological protection construction project. In 2017, Shannan developed a
sand control ecological poverty alleviation project, which played an important role in
ecological protection construction. The wetland area in the study area increased. In 2011,
the policy titled “Regulations on Wetland Protection of the Tibet Autonomous Region” was
passed, focusing on the protection of wetlands, protection of wetland ecological functions
and biodiversity, and promotion of sustainable resource utilization; Tibet’'s ORTTR was
included in this policy. Overall, land use change caused by a series of ecological policies
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was the main driving force of the improvement in the coupling coordinate degree between
residents’ livelihoods and land ecosystem services.

Table 10. Correlation between the coupling degree/coupling coordinate degree and key indicators.

Key Indicators Coupling Degree Coupling Coordinate Degree
Cultivated land area —0.844* —0.955 **
Woodland area 0.697 0.963 **
Grassland area —0.686 —0.959 **
Total power of agricultural machinery 0.810 0.895 *
Meat production 0.414 0.719
Grain production 0.373 0.359
Savings deposits of urban and rural residents 0.817* 0.829 *
Industrial output value 0.840 * 0.860 *
Urbanization level 0.873 * 0.987 **

Note: * indicates that it is significant at the level of 0.05; ** indicates that it is significant at the level of 0.01.

4.3. Policy Enlightenment

Although the coupling coordination degree between some residents’ livelihoods and
land ecosystem services is on the rise, the current results on the relative development
degree showed that residents’ livelihoods in the ORTTR lag behind ecosystem services. In
2020, the livelihoods of residents in most districts and counties lagged behind ecosystem
services. The relative development index can accurately identify the leading-lagging rela-
tionship between residents’ livelihoods and land ecosystem services in each district and
county. Therefore, on the basis of the relative development types of residents’ livelihood
and ecosystem services, ecological management zoning can be conducted. In 2020, most of
the districts and counties in the study area were dominated by residents’ livelihood lag
(Figure 6). By considering the physical geography and socio-economic characteristics and
by taking the lag of ecosystem services as a reference for ecological management zoning,
the counties and districts in the ORTTR are divided into three types of ecological man-
agement zones: ecological conservation areas, ecological restoration areas, and ecological
reconstruction areas.

Districts and counties with lagging residents’ livelihoods, such as Xietongmen and
Nanmulin in the northwest and Mozhugongka in the east, are designated as ecological con-
servation areas. These counties are high in altitude and sparsely populated. The grassland
vegetation coverage is high, with the characteristics of minimal human interference, fragile
ecology, and difficult recovery. A comprehensive ban on custodial breeding or rotational
grazing should be implemented to reduce human interference and focus on prevention
and protection. The government should delimit a strict ecological protection red line. To
improve the residents’ livelihoods, land ecosystem service value must be realized in various
ways, such as compensation for grassland ecological conservation and ecological tourism
development. On the basis of existing ecological vegetation, the counties should plan to
build demonstration sites for ecological tourism to create a visual offering of rural and
ecological landscapes. The in-depth integration and development of ecological and cultural
tourism should be actively promoted.

Bailang and Jiangzi, which are characterized by the simultaneous development of
residents’ livelihoods and land ecosystem services, and Lazi, Nimu, Linzhou, Gongga,
Zharang, Qiongjie, and Sangri, which are characterized by relatively lagging residents’
livelihoods, are designated as ecological restoration areas. Ecological restoration areas have
a low altitude and relatively flat terrain. The vegetation type is mainly alpine meadows.
The vegetation coverage is generally high, the water and heat conditions are good, and the
ecosystem has a certain self-healing ability. Enclosure management in the key ecological
area should be implemented to reduce livestock disturbance and consolidate the existing
governance effects. In these areas, the river valley is wide, the soil is fertile, the sunshine is
sufficient, and the temperature difference between day and night is large. The fruit industry
in this area should be listed as the key industry with the most characteristics, the most
potential, and the most promising development prospects. Accelerating the transformation
and development of the agricultural industry and realizing agricultural modernization can
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effectively meet the growing development needs of farmers, encourage overall economic
and social progress and improve residents’ livelihoods.

Sangzhuzi, Duilongdeqing, Qushui, Dazi, and Naidong, with lagging ecosystem ser-
vices, are designated as ecological reconstruction areas, and the population, production,
and life of the study area are concentrated in this region. With the acceleration of urbaniza-
tion and frequent infrastructure construction activities in those areas, soil erosion and land
desertification have become serious, and soil and water conservation in the region should
be strengthened. In this area, comprehensive control measures that combine engineering
measures with forest and grass measures should be adopted, and bank protection and
embankment construction should be carried out for the channel. Grids and grass-checkered
sand barriers should be built for debris flow channels, the slopes should be changed to
ladders, and soil conservation for sloping farmland should be promoted.

5. Conclusions

(1) Our study sheds light on the relationships between residents’ livelihoods and land
ecosystem services using a coupled model from 2000 to 2020 on the county scale of
the ORTTR.

(2) During the study period, the residents’ livelihood level of the ORTTR in Tibet was on
the rise. The land ecosystem service value increased by USD 1.58 billion. Therefore,
the coupling degree and the coupling coordination degree between the two continued
to increase.

(8) During the study period, the coupling coordination degree between residents’ liveli-
hood and land ecosystem service value in the ORTTR of Tibet transitioned from a
reluctant coordination stage to a moderate coordination stage. The coupling coordina-
tion degree showed more revealing results than the coupling degree in time scale.

(4) The relative development degree of the two systems in most districts and counties
was of the residents’ livelihood lagging type. By considering the physical geography
and socio-economic characteristics and the relative development types between the
two, the counties and districts in the ORTTR are divided into ecological conservation
areas, ecological restoration areas, and ecological reconstruction areas.

(5) The coupled model can evaluate the relationship between livelihoods and ecosystem
services from a systematic integration perspective and provide scientific support for
the improvement of regional human well-being.
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