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Abstract

:

Policies directly affect land-use change, which in turn, affects ecosystem services. In parallel with the implementation of a full-scale development program for the western region, the Chinese government has introduced a series of ecological protection and restoration strategies for development and construction. This study conducted a quantitative spatial evaluation of the ecosystem service value (ESV) of national nature reserves in the western region under this dual policy of development and protection. On the basis of land-use data and related evaluation parameters, fluctuations in the valuation of ecosystem services during 2000–2010 were analyzed in response to land-use changes under the comprehensive policy. Results showed that the increases in the areas of forestland and water bodies led to an increase of CNY 74.1 billion in the ESV from 2000 to 2010, equivalent to 2.02%. Grassland with increased production capacity and water bodies were the main factors driving the total ESV dynamics. Values of all ES increased significantly. Therefore, the ecological conservation and restoration policy, along with the development policy, had a positive influence on ecosystem services in the nature reserves in western China.
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1. Introduction


For a long time, the human impact on ecosystems has been mostly negative, owing to an insufficient understanding of ecosystem services. The overexploitation of natural resources by humans and the substantial discharge of pollutants into the environment has led to continuous damage to, and weakening of, ecosystem services [1]. For one thing, the negative impact of human activities, such as urbanization construction, deforestation, and damaging forests to reclaim land, directly caused changes in land use, which in turn, directly weakened the ecosystem service [2,3]. Furthermore, human activities, such as long-term greenhouse gas emissions resulting in climate change, changing temperatures, and precipitation, have also directly affected ecosystem structure and functions [4]. According to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (AR5), it is likely (probability above 95%) that human activities have caused most of the global average surface temperature increase since the 1950s [5]. The trend of global warming has led to a continuous increase in high temperatures and changes in precipitation. According to the World Meteorological Organization, in 2018, extreme weather events such as high temperatures and drought occurred in many areas across the globe; for example, the temperature in the Arctic Circle reaching 32 °C, far higher than the average temperature of 10 °C in the same period of the previous year [6]. Drought and high temperatures have intensified wildfires in the northern hemisphere, and the extreme weather has had significant negative impacts on human health, agriculture, and ecosystems [6]. Climate change can, thus, affect ecosystem structure, composition, and function, and ultimately ecosystem service functions such as food production, water supply, flood regulation and storage, soil and water conservation, and biodiversity conservation [7,8,9,10,11].



National policies influence and determine the impact of human activities on the ecological environment. Since the 1950s, developed countries in Europe and North America have implemented policies of returning farmland to forest, such as the Roosevelt Engineering, Land Retirement, or Acreage Division and Conservation Reserve programs in the USA, and the policy of returning farmland to forest combined with reducing income in Britain [12,13,14]. These policy measures have transformed hundreds of thousands of hectares of arable land into parks, forests, and pastures [15,16], providing a reference for other countries to implement policies of returning farmland to forest. Additionally, some countries have begun to build large-scale green corridors, trans-boundary protected areas, or ecological networks between original protected areas to enhance biodiversity conservation. The most influential examples include the European Ecological Network and the Edmonton Ecological Network in Canada. The European Ecological Network also includes Natural 2000, the Emerald Network, the European Green Belt, the Pan-European Ecological Network, and other conservation planning projects, which have significantly improved the effectiveness of ecological protection in those countries [17,18,19,20].



China is the largest developing country in the world and economic development has long been the focus of its national policy. Over the past 40 years of reform and opening up, the proportion of China’s total economic output to the world economy has increased from 1.8% in 1978 to approximately 15% in 2017, making China the world’s second largest economy [21]. China’s GDP growth rate (9.5%) was also significantly higher than the global average annual growth rate (2.9%) over the same period [18]. However, owing to the inherent vulnerability of China’s ecological environment, social and economic pressures in the development process, and insufficient awareness of ecological and resource conservation, China’s economic development came at the expense of abnormal consumption of resources and severe ecology deterioration [22,23]. During the rapid economic development, tremendous changes also occurred in the ecological environment. As a result of its increasing awareness of ecological protection, the Chinese government has begun to carry out various activities, such as ecological protection and restoration projects and ecosystem management, to protect natural resources and enhance ecosystem service functions [24,25,26,27,28].



Nonetheless, the ecosystems in western China are still relatively fragile, with poor natural conditions and low economic development. Owing to the fragile ecological environment, landlocked geographic location, as well as the non-preferential development policies of the central government in the past and the unplanned land-use practices of the local people, western China is currently underdeveloped and lags behind other regions of the country [29]. To promote the coordinated development of the regional economy and improve the ecological environment, the Chinese government implemented a strategy for developing the western region in 2000, covering 12 provinces, and also implemented a strategy to strengthen the protection and construction of the ecological environment at the same time, in terms of development and construction [30]. Driven by this national policy, projects such as the Natural Forest Protection Project, Grain for Green Program, Beijing–Tianjin Sand Source Control Project, and Returning Grazing Land to Grassland Project were implemented in the western region to improve the quality of the ecological environment by actively increasing and restoring forestland and grassland and reducing soil erosion and sandstorm hazards [31].



The first stage of the full-scale development policy targeting the western region has been completed (2000–2010), and the second stage is now being implemented (2010–2020). Under the comprehensive policies of full-scale western development and ecological protection construction, remarkable results in infrastructure and ecological construction were achieved in the region. Currently, the evaluation of policy effectiveness mainly focuses on economic growth, infrastructure construction, public health, and basic educations [32,33], while that of ecological protection construction is focused on the new forest and grassland area, soil erosion control area, the single ecological function of water conservation, nature conservation construction, and the ecosystem services of certain projects [34,35,36,37,38]. However, the changes in the overall ecosystem service status under the comprehensive policy are rarely studied.



To identify the ecosystem services changes in the western region during the first implementation stage of the full-scale development policy driven by the comprehensive policy of development and protection, the national nature reserves in the western development region were taken as a study area to evaluate ecosystem service value (ESV) and the changes during 2000–2010 based on remote sensing, meteorological, statistical, and other relevant data. The main objectives were as follows: (1) quantify land-use changes after the first implementation stage of the comprehensive development and protection policy in the western region, (2) determine the ESV changes during the analyzed period, and (3) discuss the ESV dynamics driven by the national policy.




2. Materials and Methods


2.1. Study Area


The study area (80°25′–123°11′ E, 21°14′–52°8′ N) was located in western China, including 144 national nature reserves in Shaanxi Province, Gansu Province, Ningxia Hui Autonomous Region, Xinjiang Uygur Autonomous Region, Inner Mongolia Autonomous Region, Sichuan Province, Chongqing Municipality, Guizhou Province, Yunnan Province, Guangxi Zhuang Autonomous Region, Qinghai Province, and Tibet Autonomous Region. The total area was 875,498.35 km2, accounting for 13.01% of the total area of western China (Figure 1).



The region is vast in area, with a substantial span of latitude and longitude, and complex and diverse terrains and landforms. The natural conditions are harsh and varied and the topographic features are complex, with a high proportion of mountains and a fragile ecological environment. Land desertification is a serious issue in the study area. Natural resources, especially biodiversity resources, are abundant. The region is the source of several major rivers, such as the Yangtze River, Yellow River, and Lancang River. There are significant differences in the climatic conditions of the region. The northwest is dry with little rainfall, the southwest is warm and humid, and the Qinghai–Tibet Plateau is cold, while temperature varies greatly overall. The local ecological environment is relatively fragile and rather poor. Important ecologically fragile areas include the Loess Plateau with serious soil erosion and the Yunnan–Guizhou Plateau, which is one of the world’s largest karst areas, with severe soil erosion.




2.2. Data Sources and Processing


The dataset of land use was extracted using ENVI 4.8 (Esri; Beijing, China) from Landsat Thematic Mapper imagery for 2000 and 2005 and from environmental satellite data for 2010 [39]. After completing the pretreatments, including band compositions, image fusion, image enhancement, and a unifying coordinate system, the maximum likelihood classifier of the supervised classification method was used to classify land use. The qualitative precision errors for deciphering the image in different years were controlled at the 90% level. The interpreted results were then compared with those of typical points from field survey results and early land-use data. The overall interpretation accuracies of the images from different years were over 90%. The total kappa coefficients were also above the minimum acceptable (0.7). ArcGIS 10.2 (Esri; Beijing, China) was used to process and analyze the land-use data with a background of raster images. According to the main geographical features of the study area, the region was divided into 28 land-use types, which were then classified under the seven primary land-use types listed in the resource and environmental database established by the Chinese Academy of Sciences (Table 1). The normalized difference vegetation index (NDVI) and meteorological data were obtained from the Goddard Space Flight Center (NASA) and National Meteorological Information Center [40,41], respectively. The dataset on vegetation was obtained from the GLC2000 database [42]. Data for the agricultural ecosystem net income from grain output per unit area were obtained from statistical data [43,44].




2.3. Methods


2.3.1. Land-Use Changes


Land-use changes are crucial for ESV dynamics. The rate of land-use change was calculated as:


Ri = (Ub − Ua)/Ua × 100%



(1)






Rs = (Ub − Ua)/Ua × 1/T × 100%



(2)




where Ri and Rs represent the range of land-use change and dynamic rate of land-use change (%), Ua and Ub represent the initial and final areas of a given land use (km2), and T stands for the analyzed years, respectively.




2.3.2. Standard Equivalent


The standard equivalent refers to the economic value of the annual natural grain yield of farmland with per unit national average yield. The equivalent factor of other ecosystem services can be determined based on this equivalent combined with expert knowledge. It can characterize and quantify the potential contribution of different types of ecosystems to ecosystem services [45].


W = Sr × Fr + Sw × Fw + Sc × Fc



(3)




where W represents the ESV of one standard equivalent (CNY·km−2); and Sr, Sw, Sc represent the percentage of the sown area of rice, wheat, and maize in the total sown area of the three crops in 2010 (%); and Fr, Fw, Fc represent the national average net profit per unit area of rice, wheat, and maize in 2010 (CNY·km−2), respectively.




2.3.3. Equivalent Value Factors


On the basis of Costanza and Folke’s [46] theory and investigation by 500 Chinese ecologists [45], the equivalent value factors method was widely used to assess the ecosystem services [47,48,49]. However, the research of Costanza et al. focuses on the global scale and lacks pertinence for China, while the latter is greatly influenced by subjective opinions, and needs to be adjusted according to the conditions of China’s ecosystems [45]. Some improvements were made to make unit ecosystem services value evaluation more practicable in China [39]. For instance, considering that ecosystem services generally have a positive correlation with biomass [45], it is feasible to overcome the spatial heterogeneity of the ecosystem services of a local area using a revision coefficient of net primary productivity (NPP) closely related to ecosystem services [18,45]. The corresponding equation of the equivalent value per unit area (Ei) is:


   E i  =    n i     N i      ×    E 0   



(4)




where Ei is the equivalent value per unit area in the study areas in year i, ni and Ni are the average net primary productivity (NPP) values of the ecosystems in the study areas and the country in year i, and E0 is the national average of equivalent value per unit area (Table 2), respectively. The Carnegie-Ames-Stanford approach (CASA) was used to evaluate the NPP value [50,51].



Because species resources in nature reserves are more abundant than in general areas, another revision coefficient was necessary to calculate the equivalent value of biodiversity conservation. The density of important species was adopted as the parameter for correction. A database of 3337 rare and endangered species in China was determined from the International Union for Conservation of Nature (IUCN) endangered species level 3.1, the Convention on International Trade in Endangered Species appendix, the IUCN Red List of Threatened Species, a list of China’s endemic species, and lists of national key protected wildlife species. According to the information on species protection in 861 nature reserves in China, the distributions of 2157 rare and endangered species were established for the nature reserves. Given that protection in national nature reserves accounted for 96.2% of the objects and 99.7% of the area, the calculated value per unit area represented the important species well [18]. The equivalent value per unit area of biodiversity protection in nature reserves (Eb) was determined by Wang et al. [18] as:


   E b  =  d D    ×   E  b 0   



(5)




where Eb stands for the equivalent value per unit area of biodiversity protection in nature reserves, d and D stand for the density of important species in nature reserves and on a national scale (species·km−1), and Eb0 is the national average equivalent value per unit area of biodiversity conservation in China, respectively.




2.3.4. ESV Evaluation


The ESV is mainly determined by land use and the equivalent value per unit area as [18]:


    E S V  f  =   ∑ k    U k      ×    E  i k f    



(6)






    E S V  k  =   ∑ f    U k      ×    E  i k f    



(7)






   E S V  =   ∑ k       ∑ f    U k      ×    E  i k f    



(8)




where ESVf, ESVk, and ESV are the ESVs of service function f, land-use type k, and ecosystem in year i (CNY·km−1), respectively; Uk is the area of land-use type k (km−2); and Eikf is the value coefficient for land-use type k with ES function type f (CNY·km−2), where the value of ecosystem services for a standard equivalent value per unit area is determined by the agricultural ecosystem net income from grain output per unit area (CNY·km−2) [43,44,52].



To assess the effect of ESV variation on land-use change, the contribution rate (Ckt) was estimated by Costanza et al. [38] as:


   C  k h   =    |  Δ E S  V  k h    |      ∑  k = 1  n    |  Δ E S  V  k h    |      × 100 %  



(9)




where Ckt refers to the percentage of the absolute value of ESV variation of land-use type k in the period h to the total amount of ESV variation of land-use type k in the period h (%), and ΔESVkh refers to the ESV change of land-use type k in period h (CNY), respectively.






3. Results


3.1. Land-Use Dynamics


Since the implementation of the full-scale development policy targeting the western region, grassland has dominated the land use in the national nature reserves in western China, accounting for more than 3/5 of the total area, followed by unused land and forest land, accounting for more than 1/6 of the total area (Figure 2, Figure 3 and Figure 4 and Table 3).



The most noticeable characteristics of land-use change in the nature reserves of western China in the whole study phase (2000–2010) were increases in water bodies and decreases in grassland. Especially in period I (2000–2005), the area of grassland declined by 1160.16 km2, while the area of water bodies increased by 1474.98 km2 (2.87%). In period II (2005–2010), other area changes were relatively stable except for construction land, which increased by 23.41%. The areas of forestland, water bodies, and construction land showed an increasing trend in both periods, while the areas of grassland, farmland, and unused land showed a continuously decreasing trend (Figure 5).



In 2000–2005, the areas of forestland, wetland, water bodies, and construction land increased by 0.25%, 0.03%, 2.79%, and 10.10%, respectively, while the areas of grassland, farmland, and unused land decreased by 0.21%, 1.92%, and 0.34%, respectively. In 2005–2010, the areas of forestland, water body, and construction land increased by 0.02%, 0.55%, and 18.97%, respectively, while the areas of grassland, wetland, farmland, and unused land decreased by 0.03%, 0.03%, 0.48%, and 0.17%, respectively. Furthermore, over the period of 2000–2010, the areas of forestland, water body, and construction land continued to increase by 0.27%, 3.33%, and 27.15%, respectively, while the areas of grassland, farmland, and unused land continued to decrease by 0.24%, 2.42%, and 0.51%, respectively.




3.2. ESV Dynamics


The results suggest that the total ESVs of the national nature reserves in western China were CNY 3661.9, 3655.2, and 3736.0 billion in 2000, 2005, and 2010, respectively (Table 4). Among the six ecosystem types, the ESVs of grassland were the highest because of the dominant area, accounting for 45.83%, 45.13%, and 45.35% of the total ESV, respectively. This was followed by water bodies and forestland. Although the area of forestland was approximately 1.6 times as large as that of water bodies, the ESVs of water bodies were approximately 1.2 times as large as the forestland because of the higher value coefficients (3.6 times higher than forestland for the average total value coefficients) (Table 2, Table 3 and Table 4). The ESVs of farmland were lowest because it occupied the smallest area. The ESVs of unused land were close to the value of farmland, but farmland had higher value coefficients (4.2 times higher than unused land for the average total value coefficients), although the area of unused land was approximately 26 times larger than that of farmland (Table 3 and Table 4).



In 2000–2005, the total ESV in the national nature reserves of western China declined by CNY 6.7 billion (0.18%). The ESV declines in grassland, forestland, and farmland were the main contributing factors, with reductions of CNY 28.6, 2.3, and 0.1 billion, or 1.70%, 0.31%, and 1.54%, respectively, while the ESVs of water bodies, unused land, and wetland increased with CNY 23.7, 0.3, and 0.2 billion, or 2.77%, 3.49%, and 0.05%, respectively. In 2005–2010, the total ESV in the national nature reserves of western China increased by CNY 80.8 billion (2.21%). The ESV increases in grassland, water bodies, wetland, and forestland were the main contributing factors, with increases of CNY 44.5, 23.3, 7.7, and 5.4 billion, or 2.70%, 2.65%, 2.03%, and 0.74%, respectively, while the ESV of farmland decreased by CNY 0.1 billion, or 1.56%. The ESV of unused land remained stable.



During 2000–2010, the total ESV in the national nature reserves of western China increased by CNY 74.1 billion (2.02%). The ESV increases in water bodies, grassland, wetland, forestland, and unused land were the main contributing factors, with increases of CNY 47.0, 15.9, 7.9, 3.1, and 0.3 billion, or 5.50%, 0.95%, 2.08%, 0.42%, and 3.49%, respectively, while the ESV of farmland decreased by CNY 0.2 billion, or 3.08%. The ESVs of water bodies, wetland, and unused land increased in every period, while farmland continuously decreased.



Grassland and water bodies were the main factors determining the total ESV dynamics during 2000–2005, 2005–2010, and 2000–2010, with contribution rates of 94.70%, 83.77%, and 84.43%, respectively (Figure 6). Grassland was the dominant factor for the total ESV decline during 2000–2005 and increase during 2005–2010, accounting for 51.83% and 54.97% of the total variation, respectively. Water bodies were the main driving factor for total ESV increase in 2000–2010, accounting for 63.11% of the total variation. Farmland and unused land contributed least to the total ESV dynamics, together accounting for only 0.78%, 0.22%, and 0.82% in 2000–2005, 2005–2010, and 2000–2010, respectively.



The ESVs of each ecosystem service are shown in Figure 7. The ESVs of biodiversity conservation had the biggest proportion of the total ESVs in all periods (2000–2005, 2005–2010, and 2000–2010), accounting for 34.86%, 34.64%, and 34.62%, respectively. In other words, biodiversity conservation was the most prominent function in the national nature reserves, as expected, followed by hydrology regulation (accounting for 29.49%, 29.92%, and 29.98%, respectively) and climate regulation (accounting for 13.25%, 13.13%, and 13.11%, respectively). The ESVs of nutrient circulation maintenance (0.46%) and recreation and culture (accounting for 3.10%, 3.09%, and 3.08%, respectively) had the smallest percentages. During 2000–2005, the ESVs of freshwater supply and hydrology regulation increased, by 1.15% and 1.27%, respectively, while the other ESVs all decreased by 0.89% on average. During 2005–2010 and 2000–2010, the ESVs of every ecosystem increased, by 2.18% and 1.74% on average, respectively. Although the ESV for grassland registered a substantial reduction during 2000–2005, that of water bodies registered a substantial increase over 2005–2010, resulting in an overall ESV increase. The Wilcoxon signed-rank test in SPSS 21.0 indicated that the ESVs of each ecosystem service increased significantly from 2000 to 2010 (p = 0.008 < 0.05), showing that the total ESV registered a significant increase in the national nature reserves in western China during 2000–2010.




3.3. ESV Spatial Variation


Among the 12 provinces in the western region of China, the national nature reserves in Tibet and Qinghai Province had significantly higher total ESVs, accounting for approximately 36.79% and 25.73% of the total ESV of the national nature reserves in the western region, respectively (Figure 8). In contrast, the total ESVs in the national nature reserves in Ningxia and Guizhou Province were relatively low, accounting for only 0.31% and 1.31% of the total ESV. The ESV quantities were directly related to the non-construction land area. The highest proportion of non-construction land was in the national nature reserves in Tibet and Qinghai Province, accounting for 42.83% and 23.99% of the non-construction land in the national nature reserves in the western region, while the non-construction land area in the national nature reserves in Ningxia and Guizhou Province only account for 0.51% and 0.30%, respectively. From 2000 to 2010, the ESV in the national nature reserves in Guangxi increased the most significantly, with a growth rate of 40.36%, followed by Shaanxi and Gansu, with a growth rate of 7.74% and 7.41%, respectively (Figure 9, Figure 10 and Figure 11).





4. Discussion


At present, ecosystem services value accounting can be divided into two main categories, namely, those based on the price of a unit service function and those based on the equivalent factor of a unit area value. The function value method is used to obtain the total value based on the amount of an ecosystem service function and the unit price of the function quantity. This method simulates the ecosystem service function of a small area by establishing the production equation between a single service function and local ecological environment variables. However, the approach has many input parameters, a complicated calculation process, and more importantly, it is difficult to unify the evaluation method and parameter standards of each service value. The equivalent factor method is based on quantifiable criteria used to construct the equivalent value of various service functions of different types of ecosystems on the basis of distinguishing different kinds of ecosystem service functions, and then evaluating them in relation to the distribution area of the ecosystems [45].



Compared with the function value approach, which estimates the ESV based on ecological processes with a series of predetermined functions or models, the equivalent value factor method is more convenient and appropriate for evaluating the dynamics of ESVs over large scales [49]. Furthermore, this method was widely used and, thus, continuously improved and optimized [18,45,46,53]. Generally, nature reserves show an advantage in species resources, particularly for rare species and biomass, and thus, a correction parameter is necessary. The management of nature reserves prohibits activities such as tree felling, grazing, fishing, and gathering of herbs, and only a small number of original residents can carry out a reduced number of production activities. The overall role of food and raw material production is not important in nature reserves, and it has only a slight influence on the total ESV. As such, we did not evaluate it. Compared with the national unit ESV (39.69 × 105 CNY/km2) [49], the unit ESV in nature reserves was relatively high (42.799 × 105 CNY/km2), showing that nature reserves provide more ecosystem services owing to their higher levels of biodiversity and biomass. Based on the results of a previous survey of biodiversity in nature reserves in China and the NPP data, the equivalent factors of biodiversity conservation values and other ecosystem services were adjusted to be more in line with the actual conservation of ecosystems and biodiversity in nature reserves. The biodiversity conservation value of each unit area of different ecosystems, namely, the value of other ecological services, was obtained through the value calculation method. The value of biodiversity and the value of other ecological services were combined with changes of land types to reflect the changes in the biodiversity conservation function and other ecosystem services.



The accurate construction of the equivalent factor table is the core of the equivalent factor method. Although the adopted equivalent factor table was improved through the method of meta-analysis, the original equivalent factor table is still somewhat subjective because it relies on expert opinion scores and cannot accurately and objectively reflect the situation of ecosystem services. In addition, owing to the complexity of the ecosystems and the impact of environmental and biological conditions, there are significant differences in the size and type of their service functions. Therefore, it is objectively necessary to distinguish the ecosystem types and service categories as finely as possible. However, the lack of relevant research resulted in a lack of relevant parameters and results for some types of ecosystem services. Thus, the secondary ecosystem classification had to be adjusted and merged—for example, forest types in different zones were not distinguished—and its impact on the evaluation results needs further research and analysis [45].



Implementing the strategy of full-scale western development and accelerating the development of the western region is of great significance for expanding domestic demand and promoting the coordinated development of China’s regional economy. After the completion of the first stage, the GDP of the western region increased from CNY 1665.5 billion to CNY 6686.8 billion, giving an average annual increase of 11.9%. Development included the construction of 972,000 km of new highways, the reconstruction and expansion of 48 trunk/feeder line airports and 23 new airports, and the completion of large-scale water conservancy projects to solve the drinking water and safety problems of 94.37 million rural inhabitants, which greatly increased the economic and social development of the western region [52]. However, the fragile ecological environment in the western region should be considered in implementing the strategy of full-scale western development. Protecting and improving the ecological environment is essential for the full-scale, sustainable, and healthy development of the western region.



Western China is more economically undeveloped and ecologically fragile than central and eastern China. The environmental problems in western China are the result of the interactions between human and nature in the process of economic and social development. Even in historical times, the ecosystems in western China were destroyed by the pressure of population growth, resulting in the innate vulnerability of the ecosystems in western China. Beginning in 1953, Five-Year Plans have been China’s most important programs for economic and social development, with the early Five-Year Plans focusing on the economic dimensions [54]. Large-scale economic construction was carried out in the western region, and many industrial enterprises such as steel, coal, and oil were built, which have consumed a substantial quantity of local natural resources. The exploitation of western ecosystems, especially substantial deforestation and destruction of vegetation, have directly had catastrophic consequences. A series of ecological and environmental problems continue to emerge, such as soil erosion, drying up of water sources, abnormal climate, sandstorms, and biodiversity destruction [54].



During the ninth Five-Year Plan period, the Chinese government began to implement the strategy of developing the western region. The western development strategy is divided into three main stages of implementation: (1) the foundation stage (2000–2010), which aims to adjust the structure and improve the infrastructure, ecological environment, science and technology education; establish and perfect the market system, fostering growth industries; make preliminary improvements to the investment environment in the western region; control ecological and environmental degradation, develop a virtuous cycle of economic operation and achieve a growth rate equivalent to the national average growth level; (2) the accelerated development stage (2011–2030), which builds on the foundation stage to enter a rapid stage of western development; cultivate characteristic industries; implement a comprehensive upgrade of economic industrialization, marketization, ecology and professional regional layout; and achieve substantial economic growth; and (3) the modernization stage (2031–2050), which strengthens some of the first development areas and integrates them into the modern domestic and international economic system for self-development. This stage will focus on accelerating the development of remote mountainous areas and underdeveloped agricultural and pastoral areas, generally improving the production and living standards of the people in western China and narrowing the gap in a comprehensive way [55].



With the continuous development and improvement of the concept of ecological protection, the Chinese government’s ecological protection policy has made steady progress. The tenth Five-Year Plan (2001–2005) began to coordinate the development of the economy, society, and environment. During the eleventh Five-Year Plan (2006–2010), the government proposed “building ecological civilization”, which attracted international attention. An ecological civilization is based on respecting and preserving nature; aims at harmonious coexistence between people, between people and nature, and between people and society; and aims to establish sustainable modes of production and consumption. It guides people onto a path of sustainable and harmonious development [56]. Priority areas for the conservation of biodiversity and key ecological functions were defined during the twelfth Five-Year Plan (2011–2015), leading to an unprecedented increase in the government’s support for the conservation and improvement of the environment in the current thirteenth Five-Year Plan (2016–2020), which has further accelerated the pace of investments toward an ecological civilization [57].



In April 2022, the Chinese government included ecological civilization in the Constitution, the country’s fundamental law, demonstrating China’s determination to promote a new pattern of harmonious development between man and nature. China has implemented a wide range of national policies for ecological protection, including policies on afforestation, returning cultivated land to forest and grassland, forbidding grazing, zoning, ecological migration, which has improved land-use structure and the growth conditions of grassland vegetation, increased vegetation cover, total NPP, soil conservation, and water yield, and reduced soil erosion [34,58,59,60]. All these play important roles in nature conservation and restoring China’s degraded ecosystems, especially in western China [61,62]. Over the past decade, the ESV in the study area has shown a trend of growth. On the basis of the current analysis, the main reason for this is the increase in the ecological land areas, such as forestland and water bodies, and the significant decrease in the farmland area, which is closely related to the conversion of farmland to forest and other policies.



The water body land use includes waterways and glaciers, and the increase in waterways is the main factor for the increase in water body area. The natural conditions mean that the western region is short of water resources and this shortage has become the main factor restricting regional development. To meet the conditions of ecological civilization construction and improve people’s livelihood, the Chinese government strengthened key water source projects, water and soil conservation and ecological construction projects, and water resource allocation projects in the western region, including comprehensive watershed management projects such as the Heihe, the Tarim, and the Shiyang river basins; key soil and water conservation projects such as soil in northeast China, the Yangtze River, the middle and upper reaches of Yellow River; and water resources projects such as the first phase of the Tao Water Supply Project in Gansu Province, the Qingtongxia Irrigation area in Ningxia, the south bank trunk channel, and the irrigation area of the second phase of Qiapuqi Seawater Resources Project. These projects have greatly increased the water body area in the western region [63]. According to the ESV research in China, waterways have high ecosystem service functions, especially in hydrology regulation, freshwater supply, environmental purification, biodiversity conservation, climate regulation, and recreation and culture [45]. The expanded water body land use makes an important contribution to the ESV increase in western China.



However, the ESV in the national nature reserves in some provinces in the western region fluctuated and declined during the study period as a result of factors such as climate change and human activities. On the one hand, the increase in construction land was an important factor, such as in Sichuan, Yunnan, Guizhou. The area increase in construction land in the nature reserves was mainly due to the construction of infrastructures, such as corridors, roads, protection stations, posts, observatories, laboratories, and hydroelectric power stations. The planning of village construction and post-disaster reconstruction in nature reserves played another important role in the area increase in construction land. The older houses of the original inhabitants in the nature reserves were built of wood and were more vulnerable to the humid climate and frequent natural disasters (earthquakes, landslides, mud-rock flows, etc.). With social economic development and the growth of personal income, many rural houses were planned or rebuilt in nature reserves, resulting in an increase in the area of construction land [18]. On the other hand, the decline of ecosystem productivity caused by climate change and human activities also has a great impact on ESVs, such as in Tibet, Inner Mongolia, and Shaanxi. In the process of global warming, the plateau air and ground temperature increased significantly from 2000 to 2010, and NDVI decreased in the growing season, resulting in the decline in NPP [64,65].



With increasing global change such as climate warming and loss of biodiversity, achieving a harmonious coexistence between man and nature is a key issue that needs to be solved urgently. In the process of economic and social development, human beings should conform to the laws of nature, take measures in the light of local conditions to address important ecological and environmental problems, and transform the ecological environment from a vicious circle to a virtuous circle. Regions with an underdeveloped economy and fragile ecological environment must avoid the concept of restoration after destruction and adhere first to the practice of parallel economic development and environmental protection. Therefore, they should not exchange the ecological environment for a brief period of social and economic development, nor should they experience social and economic stagnation to promote ecological environment recovery and reconstruction. It is necessary to re-examine the rationality and appropriateness of human activities, actively adapt human activities to climate change, reduce the fragility of the ecological environment, and achieve a win–win situation of sustainable social and economic development under the premise of protecting and building the ecological environment. According to the results of the first phase of the western development strategy, the annual GDP growth rate of the western region was 11.9%, higher than the national growth rate in the same period. Breakthroughs were made in infrastructure development. A number of key projects were completed, including the Qinghai–Tibet Railway, west–east gas transmission, west–east power transmission, the western section of the main national highway, and large water conservancy projects, and the task of transmitting electricity to townships and oil roads to counties was completed. The substantial construction of transport infrastructure has changed the situation in the western region, improving logistics and allowing more convenient travel for people [66]. At the same time, the ecological environment protection measures adopted in the development and construction of the western region have greatly promoted the improvement of the ecological environment. A series of ecological projects, such as the Natural Forest Protection Project, the return of farmland to forest, and the return of grazing to grassland, have continued to expand the green area in the western region, the ecological environment was improved, and the western ecological barrier was strengthened. A total of 26.7 million ha of farmland was returned to forests, 92.7 million ha of forest resources was effectively protected by the Natural Forest Protection Project, 8.5 million ha of the Beijing–Tianjin sandstorm control project was managed, and atmospheric dust release was reduced. The number of people living in poverty fell from 55.53 million in 2001 to 26.48 million in 2008 [66]. China’s western development strategy has achieved win–win results in economic and social development and ecological and environmental protection.




5. Conclusions


The current study assessed the ESV and the changes in the nature reserves of western China in 2000–2010. During this period, the area of forestland, water bodies, and construction land increased, while the area of grassland, farmland, and unused land decreased. The total ESV increased by CNY 74.1 billion (2.02%), to which water bodies, grassland, wetland, forestland, and unused land contributed the most. Grassland and water bodies were the main factors of the total ESV dynamics. The ESV of each ecosystem service increased significantly during 2000–2010 except farmland. Consequently, the ecological conservation and restoration measures achieved good results in the national nature reserves of western China after the first stage of western development.



Through the revision of the value equivalent factor method, this paper achieved the rapid assessment of the ESV of regional nature reserves. The revised method was easy to operate and can provide a reference for the evaluation of the effect of regional ecological policy implementation. Through the evaluation, the ESV changes of national nature reserves in western China after the first stage of the implementation of China’s western development policy were analyzed, which has an important reference value for understanding changes in the national nature reserves in western China under the policy. However, limitations in the existing technology and methods resulted in a lack of relevant parameters and results for some ecosystem services. Therefore, the secondary ecosystem classification had to be adjusted and merged—for example, forest types in different zones were not distinguished—and its impact on the evaluation results needs further research and analysis.
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Figure 1. Location of the study area in China. 
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Figure 2. Land use in the national nature reserves of western China in 2000. 
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Figure 3. Land use in the national nature reserves of western China in 2005. 
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Figure 4. Land use in the national nature reserves of western China in 2010. 
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Figure 5. Dynamic rates of land-use types. 
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Figure 6. Contribution rates of land-use types. 
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Figure 7. Ecosystem services value of each ecosystem service function in the national nature reserves in western China. 
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Figure 8. Ecosystem services values of the national nature reserves in each province of western China. 
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Figure 9. Ecosystem services values in the national nature reserves of western China in 2000. 
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Figure 10. Ecosystem services values in the national nature reserves of western China in 2005. 
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Figure 11. Ecosystem services values in the national nature reserves of western China in 2010. 
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Table 1. Land-use types in the national nature reserves of western China.
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	Type
	Concrete





	Forest land
	Arbor, broad-leaved forest, coniferous forest, mixed forest, and bush forest



	Grassland
	Herbaceous green space, meadow, scrub-grassland and steppe



	Wetland
	Herbaceous marshes, forest swamp, and shrub swamp



	Farmland
	Dry fields and paddy fields



	Water body
	Rivers, lakes, canal, ponds, reservoirs, glacier, permanent snow



	Unused land
	Bare land, bare rock, desert, and saline-alkali land



	Construction land
	Land used for mining, industry, residences, and transportation
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Table 2. Equivalent value per unit area of ecosystem services in China [45].
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Freshwater Supply

	
Gas Regulation

	
Climate Regulation

	
Environment Purification

	
Hydrology Regulation

	
Soil Conservation

	
Nutrient Circulation Maintaining

	
Biodiversity Conservation

	
Recreation and Culture






	
Forestland

	
Coniferous

	
0.27

	
1.7

	
5.07

	
1.49

	
3.34

	
2.06

	
0.16

	
1.88

	
0.82




	
Mixed

	
0.37

	
2.35

	
7.03

	
1.99

	
3.51

	
2.86

	
0.22

	
2.6

	
1.14




	
Broad-leaved

	
0.34

	
2.17

	
6.5

	
1.93

	
4.74

	
2.65

	
0.2

	
2.41

	
1.06




	
Bush

	
0.22

	
1.41

	
4.23

	
1.28

	
3.35

	
1.72

	
0.13

	
1.57

	
0.69




	
Grassland

	
Steppe

	
0.08

	
0.51

	
1.34

	
0.44

	
0.98

	
0.62

	
0.05

	
0.56

	
0.25




	
Scrub-grassland

	
0.31

	
1.97

	
5.21

	
1.72

	
3.82

	
2.4

	
0.18

	
2.18

	
0.96




	
Meadow

	
0.18

	
1.14

	
3.02

	
1

	
2.21

	
1.39

	
0.11

	
1.27

	
0.56




	
Wetland

	
Wetland

	
2.59

	
1.9

	
3.6

	
3.6

	
24.23

	
2.31

	
0.18

	
7.87

	
4.73




	
Farmland

	
Dry

	
0.02

	
0.67

	
0.36

	
0.1

	
0.27

	
1.03

	
0.12

	
0.13

	
0.06




	
Paddy

	
−2.63

	
1.11

	
0.57

	
0.17

	
2.72

	
0.01

	
0.19

	
0.21

	
0.09




	
Water body

	
Waterways

	
8.29

	
0.77

	
2.29

	
5.55

	
102.24

	
0.93

	
0.07

	
2.55

	
1.89




	
Glacier and snow

	
2.16

	
0.18

	
0.54

	
0.16

	
7.13

	
0

	
0

	
0.01

	
0.09




	
Unused land

	
Desert

	
0.01

	
0.11

	
0.1

	
0.31

	
0.21

	
0.13

	
0.01

	
0.12

	
0.05




	
Bare

	
0

	
0.02

	
0

	
0.1

	
0.03

	
0.02

	
0

	
0.02

	
0.01
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Table 3. Land-use dynamics in the national nature reserves of western China.
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Land-Use Type

	
2000

	
2005

	
2010




	
Area (km2)

	
Percentage (%)

	
Area (km2)

	
Percentage (%)

	
Area (km2)

	
Percentage (%)






	
Forestland

	
82,194.70

	
9.41

	
82,399.55

	
9.44

	
82,415.35

	
9.44




	
Grassland

	
565,771.61

	
64.79

	
564,611.45

	
64.66

	
564,418.54

	
64.64




	
Wetland

	
21,241.65

	
2.43

	
21,247.13

	
2.43

	
21,240.47

	
2.43




	
Farmland

	
5722.49

	
0.66

	
5614.51

	
0.64

	
5587.53

	
0.64




	
Water bodies

	
51,332.10

	
5.88

	
52,807.08

	
6.05

	
53,101.21

	
6.08




	
Unused land

	
146,264.00

	
16.75

	
145,773.76

	
16.69

	
145,520.99

	
16.67




	
Construction land

	
650.50

	
0.07

	
723.57

	
0.08

	
892.97

	
0.10




	
Total

	
873,177.05

	
100.00

	
873,177.05

	
100.00

	
873,177.05

	
100.00
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Table 4. Ecosystem services values of each ecosystem in the national nature reserves of western China.
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Land-Use Type

	
2000

	
2005

	
2010




	
ESV

(1010 CNY)

	
Percentage

(%)

	
ESV

(1010 CNY)

	
Percentage

(%)

	
ESV

(1010 CNY)

	
Percentage

(%)






	
Forestland

	
73.43

	
20.05

	
73.20

	
20.03

	
73.74

	
19.74




	
Grassland

	
167.83

	
45.83

	
164.97

	
45.13

	
169.42

	
45.35




	
Wetland

	
37.90

	
10.35

	
37.92

	
10.37

	
38.69

	
10.36




	
Farmland

	
0.65

	
0.18

	
0.64

	
0.17

	
0.63

	
0.17




	
Water bodies

	
85.53

	
23.36

	
87.90

	
24.05

	
90.23

	
24.15




	
Unused land

	
0.86

	
0.23

	
0.89

	
0.24

	
0.89

	
0.24




	
Total

	
366.19

	
100.00

	
365.52

	
100.00

	
373.60

	
100.00
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