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Abstract: (1) Background: Ecosystem service value assessment is a trending area of sustainable
development research and ecological civilization construction. Ecosystems provide supply, regulation,
support, and cultural services, and the value assessment of ecosystem services is helpful for people to
understand the importance of natural ecosystems to production and life. Based on the insufficiency
of the current research on the value of land ecological services, this paper discusses the research
direction of the evaluation of the value of ecosystem services in the future, provides a reference for
the evaluation of the value of ecosystem services, and promotes multi-scale and multi-directional
research experiments on the value of land ecological services. (2) In this paper, the basic information
data are obtained through the interpretation of remote sensing images, and the value equivalent
factor is corrected according to the average grain yield per unit area and grain price data in 2000,
2010, and 2020 to calculate the land ecological service value. The relevant data obtained by processing
the ecological service value are classified into different levels to discuss the changes and trends
of 129 county-level administrative units in three periods and analyze the quantitative and spatial
variation characteristics of the ecological service value of 129 county-level administrative units. The
paper studies the spatial agglomeration state of the total value of ecological services and finds the
hotspot areas of the land ecological service value in the study area. (3) During the study period, great
changes have taken place in the land use pattern of Yunnan Province, with the area of construction
land expanding and the area of wetland decreasing. The ecological service value level of 129 county-
level administrative units is relatively stable. The total value of each service is ranked as soil formation
and protection > gas regulation > water conservation > biodiversity protection > climate regulation >
raw materials > waste treatment > entertainment culture > food production. In the three periods,
Shangri-La City has the highest value of ecological services per unit of land and Wuhua District has
the lowest. The value of ecological services per unit of land in 129 county-level administrative units
continues to rise. The areas with high average values are mainly in western Yunnan, southwestern
Yunnan, southern Yunnan, and southeastern Yunnan. (4) The development speed of land ecological
service value in Yunnan Province is far less than the development speed of GDP. There is still a lot of
room for the development of ecological service value in Yunnan Province. The economic influence of
Kunming is radiating to various cities through expressways and high-speed railways. The spatial
distribution of land ecological service value in Yunnan Province has a strong correlation, showing a
pattern of spatial agglomeration distribution, and the clustered areas are very stable.
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1. Introduction

The ecosystem is the foundation of human survival and development, and it contin-
uously provides ecosystem products and services to human beings. It is an irreplaceable
natural resource and natural asset. The decline of biodiversity and the degradation of
ecosystem services is one of the major environmental crises facing the world today. Ecosys-
tem services have extremely high or even immeasurable value and are extremely closely

Sustainability 2022, 14, 10805. https://doi.org/10.3390/su141710805

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su141710805
https://doi.org/10.3390/su141710805
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su141710805
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su141710805?type=check_update&version=1

Sustainability 2022, 14, 10805

20f15

related to human well-being [1]. From an ecological point of view, the land itself is an
ecosystem, which can be called a land ecosystem [2]. As the carrier of natural resources,
the spatial pattern and utilization of land have an impact on natural resources, which in
turn has an impact on the value of ecosystem services. Research on ecosystem services
can be carried out from multiple perspectives, such as land use change, classification of
ecosystem services, and measurement of ecosystem service values. The change of ecosys-
tem service value is directly or indirectly related to the sustainable development of regional
society. Therefore, the valuation of ecosystem services has become an urgent need for
ecological civilization construction and sustainable economic and social development. In
1970, SCEP assessed the impact of human activities on the global ecological environment
and proposed the concept of ecosystems providing services to human beings. In 1997,
Costanza et al. [3] first evaluated the value of global ecosystem services, which gradually
became a research hotspot. In addition to the research on the regional land ecological ser-
vice value based on land use change [4-10], domestic scholars also conduct single land type
service value of ecosystem service value [11-15], ecological service driving force [16-18],
ecological risk [19-24], ecological service trade-off synergy [25,26], and other aspects. In
recent years, with the maturity and application of spatial prediction models, many scholars
have made scenario predictions of land ecological service value based on land benefit simu-
lation [27-44]. During this period, the service classification of ecological service value [45],
the ecosystem evaluation index system [46,47] and evaluation methods have been enriched
and improved. The exploration of ecosystem service value and the research on the inter-
action of human production and life are in their infancy, and the valuation of ecosystem
services is still in the exploratory stage. The valuation of ecosystem services should focus
on in-depth integration with social sciences in future research and explore the interaction
between changes in ecosystem service value and human survival and development, social
economy, and other human activities.

Yunnan Province has been in a stage of rapid development since 2000; especially after
2010, Yunnan has developed rapidly in other aspects such as economy, education, medical
care, and urban development. These activities significantly affect the structure and function
of land use, which will seriously damage and threaten the ecological environment, affecting
the stability and service value of the ecosystem. Based on this, on the basis of sorting out
related research, this paper takes Yunnan Province as the research area and 129 county-level
administrative divisions as the research unit to correct the economic value of the equivalent
factor in Yunnan Province and measure the value of land ecological services. Refining
the research on ecological service value in the province to the acquisition and analysis of
county-level data can more accurately analyze the spatial differences in the value of land
ecological services in the study area [48], in order to provide ecological protection and
rational utilization of land resources in Yunnan Province.

2. Overview of Study Area

Yunnan Province is located in the southwestern border of China, with a geographical
location 97°31'-106°11" east longitude and 21°8'-29°15’ north latitude. It has jurisdiction
over 8 prefecture-level cities and 8 autonomous prefectures. Yunnan is a mountainous
plateau terrain, and the area of mountains and plateaus accounts for 94% of the total area
of the province. There are 3 climate zones that range from cold to sub-tropical. By the
end of 2020, the province had a total population of 47.22 million and a regional GDP
of 2452.19 billion yuan. Gaodi Xie pointed out in “The Value of Ecosystem Services in
China” that in 2010, the value of ecosystem services in Yunnan Province ranked first in
the country, accounting for 8.80% [1]. In recent years, Yunnan has been in the process of
urbanization and the westward transfer of China’s industrial belt. The construction of
industries and infrastructure has changed the original ecosystem structure and function of
Yunnan Province to a certain extent. In addition, the ecological protection measures have
not been effectively implemented. As a result, a series of ecological and environmental
problems have arisen.
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3. Materials and Methods
3.1. Data Source and Processing

The basic data used in the research are the Landsat5 TM and Landsat8 OLI remote
sensing image data of Yunnan Province in 2000, 2010, and 2020, with a spatial resolution of
30 m x 30 m, from the Geospatial Data Cloud platform (http://www.gscloud.cn, accessed
on 1 October 2021). Combined with the ecosystem service land classification system as
defined by Gaodi Xie and the land use/cover characteristics of the study area, the land
use types in the study area were divided into seven categories: cultivated land, forest
land, grassland, water area, wetland, unused land, and construction land. The field ridge
coefficients of 129 county-level administrative units were revised for the cultivated land
area from 2000 to 2020, and the data table of land use structure in different years was
summarized (Table 1).

Table 1. Land use in Yunnan Province from 2000 to 2020 (km?2).

Year Cultivated Woodland Grass Land Waters Wetland Construction Unused
Land Land Land
2000 64,892.71 271,133.60 29,367.24 2049.69 385.12 491.18 16,025.29
2010 64,768.82 273,597.13 27,091.23 2107.50 227.89 913.94 15,638.34
2020 68,744.94 273,471.99 22,285.81 2422.08 198.98 1325.40 15,895.64

The remote sensing images of the three periods are preprocessed. The steps are
opening data, radiometric calibration, atmospheric correction, image mosaicking, geometric
correction, and administrative area cropping. After preprocessing, the step is to select the
sample points of each land use type as the area of interest, establish interpretation signs,
and finally carry out supervised classification. After the classification results are exported,
the accuracy is verified, and the land types with obvious judgment errors are modified at
the same time. The Kappa coefficients of land use interpretation in 2000, 2010, and 2020
were 78.3%, 81.1%, and 80.3%, respectively. The interpretation results meet the accuracy
requirements and are used for subsequent research on the value of land ecological services.
The socio-economic, grain output, sown area, and grain price data used in the study came
from the Yunnan Statistical Yearbook (2001-2021) and the China Agricultural Product Price
Survey Yearbook (2021).

3.2. Research Method
3.2.1. Accounting Method of Land Ecological Service Value

According to the different accounting units of land ecological service value, it can be
divided into the ecological service product price method and the value equivalent factor
method. The data required by the ecological service product price method is complex,
the amount of data collection is large, it takes a long time, and there are many evaluation
and calculation steps. The evaluation results are easily affected by the selected evaluation
method, but the obtained value evaluation results are highly accurate. The value equivalent
factor method requires land use data as the basic data, and then corrects the equivalent
factor. The estimation method is simple to operate and requires a single type of data. It
is suitable for use in larger spatial scale research and can be widely used. Considering
the complex and diverse characteristics of the land ecosystem in Yunnan Province, the
study takes 129 county-level administrative units as the research unit, and the data types
required for the estimation of the ecological service product price method are complex,
data acquisition is difficult, and there is no unified estimation method and parameter
standard. This paper chooses to use the equivalent factor method to measure the value
of land ecological services in Yunnan Province. In this paper, the economic value of a
land ecological service value equivalent factor proposed by Gaodi Xie [4] is 1/7 of the
average grain market value per unit area in the study area. The equivalent factors in 2000,
2010, and 2020 are 61,960.24 yuan/km?, 137,565.86 yuan/km?, and 187,659.74 yuan/km?,
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assuming that the ecological service value of the construction land is 0, and other land
use types are the same as the ecosystems in the “Equivalence table of ecological service
value per unit area of terrestrial ecosystems in China” proposed by Gaodi Xie [4], one-to-
one correspondence, directly assigning equivalent values to land use types, and finally
obtaining the land ecological service value coefficients in Yunnan Province in 2000, 2010,
and 2020 (Table 2).

Table 2. ESV coefficient per unit area of Yunnan Province from 2000 to 2020 (yuan/ km?).

Year Cultivated Land Woodland Grass Land Waters Unused Land Wetland

2000 428,145.23 1,353,831.14 448,592.10 2,848,312.02 26,023.30 3,885,526.36
2010 950,580.12 3,005,814.13 995,976.86 6,323,902.77 57,777 .66 8,626,755.34
2020 1,296,728.82 4,100,365.36 1,358,656.53 8,626,718.33 78,817.09 11,768,142.40

The annual land ecological service value in Yunnan Province was calculated by the
following formula.

ESV; =) (Ax x VCx) (1)
ESV = i(Ak x VCy) )
k=1

In the above formula: ESV; is the f service function value of the ecosystem; V Cg is the
f service function value coefficient of land use type k; ESV is the total value of ecosystem
services; Ay is the area of land use type k.

3.2.2. Land Use Dynamic Degree

The dynamic degree of land use is the speed of land use change. The calculation
formula of dynamic degree of land use is:

Sin — Sin
Sin

1
th — 1

% 100%

Ki = ®)

In the formula, K; is the dynamic degree of land type i from time #; to t,, the K; greater
the number, the greater the amount of this type of land converted into other types of land;
si1 and s represent the land use area of land type iin t; and £, respectively.

3.2.3. Spatial Autocorrelation Analysis

As a phenomenon of human-land relationship, land ecological service affects each
other between different spatial units within a geographical scope. The aggregation and
discrete distribution of land ecological services in the study area can be understood by
analyzing their spatial correlations. Spatial autocorrelation is divided into global autocorre-
lation and local autocorrelation, which are generally reflected by Moran’s I index and LISA
graph. The calculation formulas are:

" Yty Ty Wii(xi — %) (xj — %)

4)
i1 Z;I:l Wij Yy (xi — x)?

_ n(xi - f) Y w,](x] — f)
Yl — %)
where [ is the global Moran index; [; is the local Moran index; n is the number of spatial

units; x; and X;j are the observed values of units i and i; Wi is the spatial weight matrix; x is
the average value of x;.
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3.2.4. Hot Spot Analysis

The LISA map can show the level of local observations, and the hot spot analysis can
show the spatial aggregation of high and low values. The calculation formula is:

n N n
o _ 1 Wi~ XL Wi

1 2
s\/ e (T )|

(6)

n—1

In the formula, G} is the z score; x; is the observed value of unit j; w; ; is the spatial
weight of unit i and j; n is the number of spatial units.

4. Results
4.1. Speed of Land Use Change

Based on the summary of the land use situation in Yunnan Province from 2000 to 2020,
Table 1, the data were calculated by a single land use dynamic degree to obtain the land
use dynamic degree results (Table 3).

Table 3. Dynamic degree of single land use in Yunnan Province from 2000 to 2020.

Single Land Use Dynamics

Land Use Type

2000-2010 2010-2020 2000-2020
Cultivated land —0.019% 0.614% 0.297%
Woodland 0.091% —0.005% 0.043%
Grass land —0.775% —1.774% —1.206%
Waters 0.282% 1.493% 0.908%
Wetland —4.083% —1.269% —2.417%
Construction land 8.607% 4.502% 8.492%
Unused land —0.241% 0.165% —0.040%

During the whole study period, the dynamic degree of construction land is the largest,
and the dynamic degree is 8.607%, 4.502%, and 8.492% respectively. This shows that the
area of construction land in Yunnan Province has increased sharply in the past 20 years.
During the study period, the area of grasslands and wetlands in Yunnan Province has been
greatly and continuously reduced, and the dynamic degrees of the whole study period
were —1.206% and —2.417%, respectively. The grasslands and wetlands were obviously
occupied by other land use types. The total area of woodland and unused land is very
stable, with the slowest rate of change among all land types, with a dynamic degree of
0.043% and —0.040%, respectively. The area of cultivated land and unused land decreased
in different degrees in the first 10 years of the study period and increased in the 10 years
after the study period. During the study period, the area of cultivated land did not change
much, and the dynamic degree was 0.297%. The area of water area and construction land
showed an increasing trend during the study period, but the increase rate of water area was
slow, and the dynamic degree was 0.908%. During the study period, the change rate of land
use types in Yunnan Province was in the order of construction land > wetland > grassland
> water area > cultivated land > forest land > unused land. On the whole, Yunnan Province
has undergone great changes in the land use structure and spatial layout from 2000 to 2020,
and the urbanization rate is very fast.

4.2. Spatial Pattern of Land Ecological Service Value

After the economic value correction, the equivalent factors of Yunnan Province in 2000,
2010, and 2020 were 61,960.24 yuan/km?, 137,565.86 yuan/km?, and 187,659.74 yuan/km?,
respectively, with a ratio of 1:2.22:3.03. The size of the equivalent factor is related to the grain
yield in the study area. It is related to price. In 2010, the price of food doubled compared
with that in 2000. In 2020, the price of food in 2020 will increase significantly based on
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that in 2010. During the research period, various technologies and equipment applied
to agricultural production became more and more mature, resulting in the equivalent
factor in 2010 being 2.22 times the equivalent factor in 2000. The equivalent factor in 2020
is 1.36 times that of 2010. Compared with the first ten years of the research period, the
increasing trend of the equivalent factor has slowed down. This shows that the economic
and social development level of Yunnan Province was low in 2000, and the economy of
Yunnan Province experienced explosive growth from 2000 to 2010. After Yunnan Province
had a relatively large economy in 2010, the economic development of Yunnan Province
was relatively slow from 2010 to 2020. This can be confirmed from the GDP data of Yunnan
Province. This shows that the ecological service value of a region can indirectly reflect
the economic development stage of the region. The average land ecological service value
of the statistical unit can explore the growth trend and magnitude of the overall land
ecological service value, calculate the ratio of the land ecological service value to the GDP,
and compare the two ratios to explore the development space of ESV and the development
degree of Yunnan Province.

4.2.1. Spatial Pattern of Total Land Ecological Services

Through the equivalent factor method and the collection of GDP data of 129 county-
level administrative units in Yunnan from 2000 to 2020, the total value of various services
in Yunnan in 2000, 2010, and 2020 was 415.778 billion yuan, 927.129 billion yuan, and
1265.246 billion yuan, respectively. The ratio is 1:2.23:3.04, which is close to the ratio of the
equivalent factor. In the process of rapid urbanization in Yunnan Province, the construction
land has increased sharply, but the ratio of land ecological service value in 2010 and 2020 has
had a small increase compared with the ratio of the equivalent factor. Combining Tables 1
and 2, it shows that during the study period, in the net inflow and outflow of land use
types in Yunnan Province, a lot of unused land and grassland were changed to forest land
and water area. From the perspective of the three periods alone, the smallest service value
of each service type is food production, and the largest is soil formation and protection.
Ranking the value proportions provided by each service type in the three periods, the
results are all soil formation and protection > gas regulation > water source conservation
> biodiversity conservation > climate regulation > raw materials > waste treatment >
entertainment culture > food production. This shows that the service value provided by
each service type is relatively stable. From the perspective of the development trend of
various service types, the service value of entertainment culture and water conservation
is on the rise, which shows that people’s awareness of ecological protection is increasing,
and the increase in water area provides important support for the overall ecological service
value in the study area; the service value of climate regulation and soil formation and
protection is on the downward trend, and the reduction of wetland and grassland area
indirectly affected the functions of climate regulation and soil formation and protection;
the service value of food production, raw materials, and waste treatment has fluctuated
and increased. Food production affects thousands of households. The changing trend
of food production requires special attention to ensure the food security of the country;
biodiversity protection and gas regulation have fluctuated and decreased. The wetland
area has decreased, the ability of climate regulation and gas regulation in Yunnan Province
has declined, and biodiversity has also declined. In recent years, extreme weather in
Yunnan Province has increased, and climate change has become apparent. Based on the
above analysis, this paper calls on the government to pay attention to the changes in
ecological service value, and on the premise of ensuring food security, implement policies
such as returning farmland to lakes and forests, and promote cultivated land to forest land,
wetlands, and other land use types with high ecological service value conversion, which
will play a positive role in enhancing the value of ecological services in Yunnan Province.
(Table 4).
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Table 4. Value of individual ecological services in Yunnan Province from 2000 to 2020 (10 yuan).

2000 2010 2020
Service Type - - -
Value Proportion Value Proportion Value Proportion
Food production 62.76 1.51% 138.52 1.49% 193.74 1.53%
Raw materials 441.75 10.62% 989.40 10.67% 1349.38 10.66%
Gas regulation 623.07 14.99% 1392.25 15.02% 1894.82 14.98%
Climate regulation 510.41 12.28% 1135.75 12.25% 1546.56 12.22%
Water conservation 606.14 14.58% 1352.27 14.59% 1852.41 14.64%
Waste disposal 337.38 8.11% 746.62 8.05% 1028.36 8.13%
Soil formation and protection 749.99 18.04% 1671.62 18.03% 2272.65 17.96%
Biodiversity conservation 603.18 14.51% 1346.19 14.52% 1832.60 14.48%
Entertainment culture 223.10 5.37% 498.68 5.38% 681.95 5.39%
Total 4157.78 100% 9271.29 100% 12,652.46 100%

This paper calculates the land ecological service value of 129 county-level administra-
tive units in Yunnan Province in 2000, 2010, and 2020. According to the value estimation
results, it can be found that the land ecological service values in the three periods are
mainly concentrated in five different value ranges. In this paper, the value equivalents of
the three periods are revised, and the differences in the value of land ecological services
in the three periods are relatively large. Therefore, this paper studies the relative level
of land ecological service value in the same period. The natural discontinuity method
can reduce the differences within the same class and maximize the differences between
different classes. Considering that the ecological service value of Yunnan Province ranked
first in the country in 2010 [1], in order to show the level of ESV in space, with the help of
the GIS platform natural discontinuity classification method (Jenks), we divided the total
value of land ecological services into 5 grades: low, relatively low, medium, relatively high,
and high (Figure 1).

2010 2020 A

l_ | ow

relatively low medium B rclatively high [ high O 100 200kn

Figure 1. Spatial distribution pattern of total land ecological service value in Yunnan Province from
2000 to 2020.

In 2000, 2010, and 2020, the lowest total service value was 328 million yuan, 754 million
yuan, and 1.043 billion yuan in Wuhua District, Kunming City, and the highest was 13.50
billion yuan, 29.255 billion yuan, and 39.992 billion yuan in Shangri-La, Diging Prefecture.
It can be seen from the figure that during the study period, the total ESV of 129 county-level
administrative units did not increase or decrease continuously and across levels, and the
level in 2020 did not increase compared with the level in 2000.

The total ESV level of 20 county-level administrative units changed during the study
period. Among them, Fuyuan County in Qujing City and Maguan County in Wenshan
Prefecture showed lower-medium-lower changes in the total ESV level, indicating that these
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two counties paid more attention to ecological construction in the first 10 years of the study
period, and in the latter 10 years, urban development and land use changes have brought
the total ESV rating down to the initial rating. The total ESV level of Gengma County,
Lincang City changed from high to medium to medium, indicating that the pursuit of
economic and social development during the study period did not pay enough attention to
ecological construction. The total ESV level of 17 county-level administrative units in 2010
was the same as the total ESV level in 2000, but the total ESV level dropped by one level in
2020. In 2010, Yunnan Province experienced rapid economic development and rapid urban
development and construction. In addition, the government’s weak ecological awareness
makes these cities” ecological civilization construction investment and protection planning
lag behind the urban development process. The 17 county-level administrative units
include Luquan County in Kunming City, Yulong County in Lijiang City, Deqin County
in Diging Prefecture, Qiubei County in Wenshan Prefecture, Jinping County, Honghe
Prefecture, Chuxiong Prefecture (Dayao County, Shuangbai County, Wuding County), Yuxi
City (Xinping County, Yuanjiang County), Pu’er City (Simao District, Ning’er County,
Jiangcheng County), Lincang City (Linping County, Yuanjiang County) Xiang District,
Zhenkang County, Cangyuan County).

Excluding the 20 counties and districts mentioned above, the total ESV level of the
remaining 109 county-level administrative units in Yunnan Province did not change from
2000 to 2020, and the construction and protection of ecological civilization was at the
mainstream level in Yunnan Province.

4.2.2. Spatial Pattern of Average Ecological Service Value per Unit of Land

Statistics show that the average ecological service value per unit area of land in
Yunnan Province in 2000, 2010, and 2020 was 1,081,800 yuan/ km?, 2,412,200 yuan/ km?,
and 3,292,000 yuan/km?, respectively. The highest average ecological service value
per unit of land in 2000, 2010 and 2020 was 1,305,000 yuan/ km?, 2,899,000 yuan/ km?,
and 3,921,600 yuan/km? in Mengla County, Xishuangbanna, and the lowest was Ludian
County, Zhaotong City. 680,200 yuan/km?, Ludian County, Zhaotong City, 2,505,900 yuan/km?,
and Luliang County, Qujing City, 2,127,900 yuan/km?. Considering the uniform distri-
bution of the average ecological service value per unit of land, the average ecological
service value per unit of land in the three periods was classified as 200,000 yuan/km?,
350,000 yuan/ km?, and 500,000 yuan/ km?, respectively. The intervals were divided into
four groups (Figure 2).

2010 2020 IN\

I 50-80 [N 80-100

100-120

I 120-140 I 150185 [ 185-220 [777] 220-255 MM 255-290 I 200-250 I 250-300 [0 300-350 [ 350-400

Figure 2. Spatial pattern of average ecological service value per unit of land in Yunnan Province from
2000 to 2020.

Although the values of the four groups are different, the average ecological service
value per unit of land in each year is calculated based on the equivalent factor of the year,
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and is divided into four groups on average. The category interval corresponding to the
service value is at the same level. Comparing the number of county-level administrative
units with the average ecological service value of land in the four groups in 2000, 2010,
and 2020, it can be seen that the lowest-level county-level administrative unit with the
average ecological service value of unit land is decreasing, mainly in central Yunnan and
Yunnan. Northeast and southern Yunnan gradually showed a discrete distribution state.
Comparing the average ecological service value per unit of land in 2000 and 2010, it can
be seen that there were many changes in the value level. Nearly one-third of county-level
administrative units rose to the fourth tier in 2010. Comparing the average ecological
service value per unit of land in 2010 and 2020, it is found that the number of changes in
the value level is relatively small. The highest average ecological service value per unit of
land is mainly distributed in western Yunnan, southwestern Yunnan, southern Yunnan,
and southeastern Yunnan.

4.2.3. Spatial Distribution Pattern of the Ratio of Land Ecological Service Value to GDP

Statistics show that in 2000, 2010, and 2020, the ratio of the total value of land ecological
services in Yunnan Province to the GDP of Yunnan Province was 2.54, 1.26, and 0.52,
respectively. The ratio of the global ecological service value calculated by Costanza in
1997 to the GDP of that year was 1.8 [2], and the ratio of the total ESV value to GDP in
Yunnan Province in 2000 was 2.54, which was significantly higher than the global average.
In 2010 and 2020, the ratio of ESV to GDP in Yunnan Province gradually decreased, which
indicates that the growth rate of GDP in Yunnan Province was higher than that of the land
ecological service value in Yunnan Province. In 2000, the economic development level of
Yunnan Province was not high. The annual ratio shows that there is still a lot of room
for growth in the value of land ecological services in Yunnan Province. After calculation,
the largest ratios in 2000, 2010, and 2020 were 67.55 in Deqin County, Diqing Prefecture,
29.78 in Gongshan County, Nujiang Prefecture, and 8.48 in Gongshan County, Nujiang
Prefecture. The smallest ratios in the three periods is 0.04 in Hongta District, Yuxi City, 0.01
in Wuhua District, Kunming City, and 0.01 in Wuhua District, Kunming City. Considering
that the ratios are mostly concentrated within 10, in order to better reflect the quantitative
relationship between the land ecological service value and GDP, this paper uses 1 and 10
as the dividing points to divide the ratios into three categories: high, medium, and low
(Figure 3).

2010 ) 2020 ‘N\

R

B o medium [ high LU

Figure 3. Spatial distribution pattern of ESV/GDP in Yunnan Province from 2000 to 2020.

It can be seen from the figure that the 2020 ratio has no high ratio area. Because
the growth rate of land ecological service value in Yunnan Province is not as fast as that
of GDP, the overall ratio decreases. In 2000, there were 18 high-value areas, which were
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distributed in Nujiang Prefecture, Diqing Prefecture, Lijiang City, Dali Prefecture, Chuxiong
Prefecture, Pu’er City, and Honghe Prefecture. By 2010, there were only four high-value
areas, namely Gongshan in Nujiang County and Fugong County, Deqin County in Diging
Prefecture, and Ninglang County in Lijiang City. The middle ratio area shows a trend of first
increasing and then decreasing. This change indirectly indicates the inflection point of the
economic and social development speed of Yunnan Province in 2010. Before 2010, Yunnan
Province’s economic and social development was rapid, and after 2010, the economic
and social development was relatively slow. During the study period, the low-ratio areas
were gradually scattered around the main urban area of Kunming City. The density of
expressways and high-speed railways planned in Yunnan Province was observed, and it
was found that the low-ratio areas in 2020 were consistent with the current high-density
expressways and high-speed railway coverage areas, indicating that Kunming’s economic
influence radiates to various cities through expressways and high-speed railways.

4.3. Spatial Correlation Analysis of Land Ecological Service Value

By analyzing the spatial correlation of land ecological service value, we can explore
the global and local clustering characteristics of land ecological service value and find areas
with prominent land ecological service value. The de-global autocorrelation analysis was
carried out on the land ecological service value of the three periods, and the Moran index
of the three periods was 0.39, greater than 0, and the Z scores of the test coefficients of the
three periods were 8.21, 8.29, and 8.18, respectively, which is significantly greater than 0.
It shows that the spatial distribution of land ecological service value in Yunnan Province
has a strong correlation, showing a pattern of spatial agglomeration distribution. Local
spatial autocorrelation analysis was performed to obtain the LISA aggregation map of land
ecological service value in Yunnan Province (Figure 4).

2010 ) 2020 A
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Figure 4. Clustering map of land ecological service value in Yunnan Province from 2000 to 2020.

In 2000, 2010, and 2020, the proportion of areas with insignificant high-low clustering
was very high, and there was no low-high clustering in the three periods, but high-high
clustering, low-low clustering, and high-low clustering were always significant. There
are 9 high-high clustering areas, all of which belong to the high-value areas of total land
ecological service value, and the high-high clustering areas did not change in 2000, 2010,
and 2020. Only Lancang County, Pu’er City, clustered high and low in the three periods,
indicating that the total ecological service value of land in Lancang County is higher than
that of most surrounding areas. There are 18 areas with low-low clustering. These areas
have a relatively high degree of economic and social development, which is in line with the
fact that the total ecological service value of urban land is lower than that of surrounding
areas. The low-low clusters are distributed in Kunming, Yuxi, and Qujing City. Among
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them, there are 11 in Kunming City, 5 in Yuxi City, and 2 in Qujing City. Except for
Luliang County in Qujing City, which became a low-low clustering area in 2010, the other
17 county-level administrative units have been in the low-low clustering region.

4.4. Hotspot Analysis of Land Ecological Service Value

The hotspot analysis of the land ecological service value in Yunnan Province was
carried out to obtain the spatial pattern distribution of the cold and hot spots of the land
ecological service value (Figure 5).
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Figure 5. Spatial pattern of cold and hot spots of land ecological service value in Yunnan Province
from 2000 to 2020.

It was found that the high-low clustering pattern in Figure 4 is similar to the distribu-
tion pattern of cold and hot spots in Figure 5. Most of the high- and high-clustered areas
overlap with the hotspot areas, and the low- and low-clustered areas also basically overlap
with the cold-spot areas. Most of the hot and cold areas with 95% and 90% confidence
intervals correspond to insignificant areas in the high-low clustering pattern, while Lancang
County, the only high-low clustering area, was classified as an insignificant area in the
hotspot analysis. From Figures 4 and 5 as a whole, the area where the hotspot area of the
99% confidence interval coincides with the high-high clustering is an area with high ecolog-
ical service value, in which the government should protect the ecological environment. The
cold spot area in the 99% confidence interval overlapped with the low and low clusters,
which is an area with low ecological service value. The government department in this
area should formulate appropriate ecological protection plans and measures to enhance
the ecological service value of the land.

5. Discussion

In this paper, the “Equivalent value of ecological services per unit area of China’s
ecosystems” is revised in the three periods of the study, so that the relative differences in
time and space of ecosystem service values can be more objectively and truly reflected,
which will not affect the analysis of temporal and spatial changes in ecological service
values. On this basis, the macro-scale characteristics of temporal and spatial changes
of ecological service value in Yunnan Province were quantitatively described from the
county scale, and the correlation and hotspot areas of land ecological service value were
analyzed, and the relative level changes of ecological service value of 129 county-level
administrative units in Yunnan Province were explored, which provides a new research
idea for the spatiotemporal analysis of ecological service value. The research has a certain
effect on qualitatively measuring the impact of land use change on the change of ecosystem
service value. The research has a certain significance in reflecting the spatial difference
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of ecosystem services and different service values in Yunnan Province, and provides a
reference for large-scale ecological service value estimation.

From 2000 to 2020, the land use structure and spatial layout of Yunnan Province have
undergone great changes and the urbanization rate was very fast. The urbanization process
is accompanied by the agglomeration of population and economy and the expansion
of urban construction land. The expansion of urban construction land will inevitably
lead to a decrease in the value of ecosystem services. In order to promote the ecological
construction of Yunnan Province and narrow the ecological gap between regions, it is
necessary to further adjust the regional land use structure: the government should increase
the management and control of construction land in areas with high ecological service
value, and regulate the speed of construction land expansion; the government moderately
promotes the process of urbanization in areas with low ecological service value, and
strengthens the governance and restoration of the ecological environment. In the area,
95% of the hotspots with 90% confidence intervals have the potential to become more
significant hot spots, while cold spots with 95% and 90% confidence intervals should be
candidates for coordinated progress of ecological protection and economic construction to
prevent them from becoming significant cold spots. This paper calls on the government
to pay attention to changes in ecological service value, and, on the premise of ensuring
food security, implement policies such as returning farmland to lakes and forests, and
promote the conversion of cultivated land to land use types with high ecological service
value such as forest land and wetlands. This will play a positive role in enhancing the value
of ecological services in Yunnan Province.

China’s current land resource classification system has some problems such as few
classification levels, confusing classification standards, and unclear classification standards,
resulting in a lack of scientific and logical rigor in the study of ecological service value [49].
These issues will lead to disagreements in how ecosystems are divided and the value of
services assessed. As far as the estimation of ecosystem service value is concerned, there is
still no unified calculation method and standard, and more scientific and accurate methods
still need to be sought. This paper revises the “ecosystem service value equivalent per unit
area of ecosystems in China” proposed by Gaodi Xie, but due to the limitation of data,
it cannot solve the problem of spatial heterogeneity of the value equivalent of different
research units. In the process of estimating the value of ecological services in the future, it
is necessary to comprehensively consider the influence of its own unit elements and the
elements of neighboring units or further units and correct the value equivalent of each
research unit. This paper does not delve into the impact mechanism of ecological service
value. In the future, based on collecting more socio-economic data, we will quantitatively
analyze the impact of natural, socio-economic, and other factors on ecosystem service
value. Because ecosystem service functions evolve and develop on different spatial and
temporal scales, the spatiotemporal changes of ecosystem service value have obvious spatial
heterogeneity and nonlinear characteristics. It is difficult to find local change information in
the evolution process. We need to further study quantitative dynamic methods and models
that can accurately describe the nonlinear change characteristics of ecosystem service value
at different temporal and spatial scales, so as to grasp its local change information more
scientifically and accurately.

6. Conclusions

Based on Landsat image data, this paper interprets and corrects the equivalent factor
of ecological service value in 2000, 2010, and 2020. The paper calculates the land ecological
service value in Yunnan Province, conducts spatial autocorrelation analysis and hotspot
analysis, and explores the spatial pattern and quantitative characteristics of the land
ecological service value in Yunnan Province. It is found that the dynamic degree of
construction land is the largest during the study period, the area of construction land
increases sharply, and the dynamic degree of unused land is the smallest. On the whole,
the land use pattern of Yunnan Province has undergone great changes during the study
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period, and the expansion of construction land has led to some ecological problems. During
the study period, the GDP of Yunnan Province grew rapidly, and the whole province
was in the stage of rapid urbanization. In 2000, the ratio of ESV total value to GDP in
Yunnan Province was significantly higher than the global average level at that time, but
the development speed of land ecological service value in Yunnan Province was far less
than the development speed of GDP, and the ecological service value in Yunnan Province
still has a lot of room for development, the low ratio area in 2020 is consistent with the
current high-density expressway and high-speed railway coverage area, indicating that
Kunming’s economic influence is radiating to various cities through expressways and
high-speed railways, promoting the development of each city. The ratio of the total value
of land ecological services in the province in the three periods is close to the ratio of the
equivalent factor in the three periods. The total ecological service value level of county-level
administrative units is relatively stable, and the total value of each service is ranked as soil
formation and protection > gas regulation > water conservation > biodiversity conservation
> climate regulation > raw materials > waste treatment > entertainment culture > food
production. The ecological service value per unit of land is the highest in Shangri-La
City, and the lowest is in Wuhua District. The ecological service value per unit of land in
129 county-level administrative units continues to rise. The areas with high average values
are mainly in western Yunnan, southwestern Yunnan, southern Yunnan, and southeastern
Yunnan. The spatial distribution of land ecological service value in Yunnan Province has a
strong correlation, showing a pattern of spatial agglomeration distribution. The regions
with high and high agglomeration and low and low agglomeration are very stable, the
regions with low and low agglomeration are economically developed regions, and the
regions with high and high agglomeration are regions with good ecological environment.
The results of the hotspot analysis are similar to the LISA plots, and the overlapping parts
are basically the hot and cold areas of the 95% confidence interval.
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