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Abstract

:

Vegetation suitability assessment is the premise of scientific vegetation restoration and identifying its effect factors is conducive to imposing more targeted measures. In this paper, we take 24 social-economic factors that may affect vegetation suitability as indicators and construct the three criterion layers of production, life and policy. Then, we use cross-sectional data of 448 counties in the Yellow River Basin during 2018 to analyze how the social-economic factors influence the vegetation suitability. The results show that human activity factors affecting vegetation suitability vary a lot for counties in different reaches of the Yellow River. To be specific, overirrigation and overfertilization have negative influences on vegetation suitability in upstream counties. In the middle reaches, development of the secondary industry and urbanization have the most significant negative effects on vegetation suitability. When it comes to the lower reaches, economic advance contributes to the vegetation suitability, but an excessive population density counteracts this positive effect. We also find that the implementation of major ecological projects has played a positive role in improving vegetation suitability in the last few years, and the more targeted the policies are, the more significant their effects will be. In summary, there is no doubt that overfrequent human activities can interfere with the vegetation suitability. At the end of this article, we put forward some pertinent suggestions on how to better play the subjective initiative of human activities to improve the suitability of vegetation.
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1. Introduction


The Yellow River Basin plays an irreplaceable role in both social and economic development and ecological security. On the one hand, it has always been the center of political, economic and cultural progress in the historical process of the great unification of China for more than 3000 years [1]. The Huang-Huai-Hai Plain, Fen-Wei Plain and Hetao irrigation district along the Yellow River, which are the main agriculture-producing areas, contribute about one-third of the total grain and meat in China. Shanxi Province and Shaanxi Province are the most important energy bases in our country [2]. On the other hand, the Yellow River Basin also works as an ecological corridor connecting the east and west of China. In view of such important functions as wind-breaking, sand-fixing and ecological protection, it will directly affect the evolution trend of ecological security and environmental quality of our country in the medium to long term [3,4]. However, worryingly, the Yellow River has always been a “River of Trouble” in Chinese history due to it being prone to silting as well as to breaking the banks. When studying the Yellow River carefully, we find that the natural conditions in the upper, middle and lower reaches are quite different, which might explain why it is one of the rivers with the highest sand content and is one of the most seriously flooded in the world, and thus undoubtedly being one of the most difficult to manage. Just because of that, the ecological protection of the Yellow River Basin has received continuous and high attention from the academic community and the government over the years.



Vegetation, which is the link between atmosphere, water and soil [5], is a most sensitive factor that reflects the change of ecological environment directly [6]. A dynamic and long-term monitoring of vegetation growth is helpful to better simulate the trend of ecological environment change and better evaluate the functionality and serviceability of ecosystem [7]. Therefore, scholars are accustomed to using the vegetation distribution characteristics in a certain region to represent the overall status of regional ecological environment and try to explore the factors that affect the vegetation distribution and thus seek efficient and effective ways to improve the ecological environment. On the analysis of existing literature, we find that when it refers to the research areas, the Loess Plateau, Qinghai-Tibet Plateau, Inner Mongolia and Northwest China and other ecologically fragile areas attract great attention of scholars [8]. From the perspective of research objects, the normalized vegetation index (NDVI) is the most widely used in both qualitative and quantitative evaluation of vegetation cover and its growth vigor [9]. NDVI increased significantly on all continents except for Oceania [10]. Reams of studies have shown that climatic change, represented by temperature and precipitation, is the most important natural factor that affects vegetation NDVI [11]. For example, Fensholt et al. (2012) pointed out that temperature and precipitation were the main factors limiting the growth of vegetation in the global semi-arid areas [12]. Guo et al. (2017) also found that temperature was the main factor affecting vegetation growth in the permafrost region of northeast China [13]. In addition, studies on different ecological types in areas such as the headwaters of the Three Rivers, North China and the Loess Plateau also confirmed the important role of climate change in vegetation cover change [14,15,16]. Usually, in arid and semi-arid areas such as Central Asia, the southern Sahara, South Africa, Australia and South America, as well as the northern Loess Plateau and Xinjiang in China, higher precipitation has led to higher NDVI [17]. Gao et. al. (2019) studied the spatial distribution and dynamic characteristics of the response of NDVI to climatic change in China during 1982–2013. They not only discovered the significant spatial heterogeneity of vegetation NDVI in China, but also revealed that the water-dominated regions were distributed in North China and the Qinghai-Tibet Plateau, while the temperature-dominated regions were mainly in eastern, central and southwestern China. A non-stationary spatial relationship between NDVI and land surface temperature was also unveiled in their study [18].



In addition to natural factors, scholars have gradually focused on the impact of human activities on vegetation cover change in recent years, especially the effects of land use change, agricultural production, urbanization and policies. Relevant studies have reached a relatively consistent conclusion; that is, human activities have a dual impact on vegetation cover change. Studies on the impacts of anthropogenic activities on the vegetation were undertaken in Egypt, Chile, Poland, Kuwait and Tunisia [19,20,21,22,23]. Ethar et al. (2021) found that long-term intensive human activities led to vegetation degradation and species loss, so vegetation species were the most abundant in the protected areas in Egypt [19]. Neji et al. (2018) observed that in Tunisia, after 13 years of protection for specific species against human activities, the total cover increased 58.3% and the plant density increased 21.7% [23]. As for China, Xin et al. (2007) discovered that it was human activities, such as deforestation, farming in the river loop areas and urbanization, that resulted in the regional differences in vegetation cover change between Inner Mongolia and Mongolia with similar climatic conditions [24]. Deng et al. (2018) found that human activities had become a major contributing factor to vegetation cover change in Qinling Mountains [25]. Yi et al. (2014) found positive and negative effects of human activities coexisted with the change of vegetation cover in the Loess Plateau region, among which, urbanization, overgrazing, indiscriminate deforestation, excessive reclamation and energy exploitation led to the reduction of NDVI, but implementing returning cropland to forestry (grass) was gradually exerting positive effects [26]. Zhao et al. (2019) used night light data to confirm that urbanization was the main cause of vegetation change in Hubei Province [27]. However, Wang et al. (2019) analyzed the spatial distinction of human activities affected the vegetation cover and found that the negative effects were decreasing while positive ones were on the increase across the country [28]. When Wu et al. (2020) investigated the spatial-temporal evolution of vegetation index in Sichuan Province, they found artificial ecological engineering was the main driving force [29]. It was also proved that after the implementation of China’s plan to return farmland to forests, the vegetation restoration rate was more than six times the rate before [30].



Although the research objects and emphasis are somewhat different, literature analysis is of great benefit to better understand the spatial-temporal changes of vegetation cover and its influencing factors in different regions of the Yellow River Basin. However, on the one hand, the vegetation cover index can only reflect the amount of vegetation cover in each region rather than its quality, which is defined as the relationship between vegetation and specific environment and the degree of suitability. From this perspective, vegetation suitability is undoubtedly a more accurate and comprehensive measure. We believe that a correct assessment of the suitability of the existing vegetation under the present natural conditions is the prerequisite for scientific vegetation restoration in the Yellow River Basin. On the other hand, the influence of natural factors on the vegetation suitability is slow and can only be shown after a long time. However, such human activities as river excavation, reservoir construction and desert greening can lead to vegetation change directly in a short run, and other production and living activities to meet the needs of human survival and development can also affect the vegetation suitability by affecting soil, water and climate. In previous research, the impact of human activities is generally analyzed by selecting one or several proxy variables, which cannot reflect the important role comprehensively and profoundly. Based on this, we selected 24 indicators of county-level from the three dimensions of production, life and policy intensity, and established a multiple regression model to identify which social-economic factors can affect the vegetation suitability of the Yellow River Basin and how they do that. We hope that our study is helpful to formulate more targeted and practical policy to improve the ecological fragility of the Yellow River Basin, scientifically carry out vegetation restoration and promote the high-quality development of forests and grass.




2. Basic Concepts, Methods and Data


2.1. Study Area


The Yellow River (located between 96°~119° E and 32°~42° N) originates from the northern foot of Bayan Har Mountain. With a total length of 5464 km (3395 miles), it is the fifth largest river in the world. It flows through nine provinces: Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia, Shaanxi, Shanxi, Henan and Shandong [31], spanning 3 climatic zones, 8 climatic zones and 15 climatic sub-zones [32]. The Yellow River Basin (Figure 1) covers a total area of 795,000 square kilometers, with an internal flowing area of 42,000 square kilometers. From west to east, it strides across four geomorphic units: Qinghai-Tibet Plateau, Inner Mongolia Plateau, Loess Plateau and Huang-Huai-Hai Plain. The western source area has an average elevation of more than 4000 m. It is composed of a series of high mountains with persistent snow and glacier landforms. The central region, with an altitude of 1000 to 2000 m, is dominated by loess landforms. The eastern part consists of the Yellow River alluvial plain, which is no more than 100 m above sea level. The precipitation in the Yellow River Basin is spatially uneven and with great inter-annual variations. The main vegetation types are grassland, farmland, woodland and shrub. Other vegetation types such as bare land, wetland and tundra are also distributed [33]. Due to its large altitude difference, complex geographical and climatic conditions and fragile ecosystem, the Yellow River Basin has become one of the regions with the most intense human activities in the world [34].




2.2. Basic Concepts


2.2.1. Vegetation Suitability


“Vegetation suitability” refers to the appropriateness degree to which the natural elements in the environment (including climate, soil and terrain) provide living space and productivity for a specific vegetation type under a certain land-use type in a certain region. In this paper, the vegetation is classified as forest, shrub and grass; thus, vegetation suitability is represented by Forest–Shrub–Grass Suitability (FSGS).




2.2.2. Different Reaches of the Yellow River Basin


As shown in Figure 2, the upper, middle and lower reaches of the Yellow River are divided with Hekou Town and Taohua Valley as the boundary by referring to the division scheme of the Yellow River Water Conservancy Commission. To be specific, it is the upper reaches of the Yellow River from the headwaters to Hekou Town in Tuoketuo County, Inner Mongolian Autonomous Region. The middle reaches are from Hekou Town to Taohua Valley, Xingyang City, Zhengzhou City, Henan Province. Below Taohua Valley is the lower reaches of the Yellow River [35].




2.2.3. Physical Geographic Areas of the Yellow River Basin


Based on the vegetation classification system formulated by the national climate regionalization and Vegetation Map of the People’s Republic of China (1:1000,000,000), the Yellow River Basin is divided into eight physical geographic regions by referring to the annual average temperature and precipitation and soil regionalization data of China. The objective is to reflect the differences of vegetation types or sub-types made by hydro-thermal change due to horizontal or vertical variation in a certain vegetation area. We take it as the vegetation geographic basis for the vegetation suitability evaluation in each county in this paper. The technical framework for physical geographic area division is shown in Figure 3.



The eight physical geographical areas are as follows in Figure 4: (Ⅰ) sub-frigid semi-arid meadow steppe region in Qinghai Plateau; (Ⅱ) sub-frigid semi-humid scrub meadow region in Zoige Plateau uplands; (Ⅲ) temperate humid, sub-humid alpine deep valley coniferous forest regions in West Sichuan and East Tibet Plateau; (Ⅳ) coniferous forest and grassland regions in the temperate semi-arid alpine basin of Qilian Qingdong Plateau; (Ⅴ) warm temperate steppe, desert-grassland region in Yellow River loop and Ordos Plateau; (Ⅵ) warm temperate semi-arid grassland area in the northwest and semi-humid forest area in the southeast of the Loess Plateau; (Ⅶ) warm temperate humid and sub-humid forest region in the plain and mountain of lower Yellow River; and (Ⅷ) warm temperate sub-humid saline meadow area in the Yellow River Delta.





2.3. Methods


2.3.1. Multivariate Regression Analysis


In a simple linear regression (SLR) model, there is only one explanatory variable. When it comes to the correlation between one explained variables and multiple explanatory variables, a multiple linear regression model is usually established. Multiple linear regression is basically an extension of simple linear or ordinary least squares regression, which allows for several explanatory variables to depend on the mean function E(Y) [36]. The common representation of multiple linear regression is:


  Y =  β 0  +  β 1   X 1  +  β 2   X 2  + ⋯ +  β k   X k  +  ε    



(1)




where  Y  and    X i    ( i = 1 , 2 , … , k )   represent explained variables and explanatory variables, respectively.    β i    ( i = 1 , 2 , … , k )   are model parameters to be estimated and  ε  represents the random error term. In this paper, we attempt to explore how human social-economic activities affect the vegetation suitability of the Yellow River Basin and naturally take the vegetation suitability index of each county (district) as the explained variable. Explanatory variables are divided into three dimensions, summarizing human social and economic activities as comprehensively as possible.    β 1  −  β k    represents the partial regression coefficient, which means the average change of vegetation suitability caused by one unit increase or decrease of a certain activity when other independent variables remain unchanged.



Since the explained variable (vegetation suitability) in this paper is a percentage ranging from 0 to 100 (including 0 and 100), traditional linear estimation methods such as ordinary least squares (OLS) are not suitable for estimating such dependent variables [37]. Papke et al. (1996) suggest using the Fractional Logit model to deal with such situations [38]. After synthesizing and extending the generalized linear model (GLM) and the quasi-likelihood method, the Fractional Logit model can not only overcome the shortcomings of other traditional econometric models when the dependent variable is fraction, but also produce a better fit than the linear estimation. Therefore, we use the Fractional Logit method to estimate the model in this paper.




2.3.2. Variables of Influential Factors Analysis


First, we consider factors of the economic development. (I) Economic density, measured by GDP per unit area, reflects the efficiency of regional economic activities. The data are collected from China County Statistical Yearbook. (II) The proportion of output value of the primary industry in GDP. (III) The proportion of output value of the secondary industry in GDP. Factors (II) and (III) comprehensively reflect the structure of industrial development. Usually, developing the primary and secondary industries means more resource commitment, such as land, water and minerals, which may be accompanied by greater the damage to the local natural environment. (IV) The proportion of cultivated land, an indicator reflecting the status of land use. The data of land use come from China’s land-use status in 2018 released by the Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences. (V) Effective irrigation ratio of cultivated land, reflecting the situation of water conservancy facilities and thus the stability of agricultural production. (VI) The amount of fertilizer applied per mu. The data of irrigated area and manuring amount are collected from statistical yearbooks of prefecture-level cities.



Secondly, we consider human living activities. (I) The proportion of construction land, which is the sum of urban built-up areas, rural residential areas, industrial areas, factories and mines, oil fields, transportation and other land areas, reflecting the land demand for production and living except agricultural production. The data source is the same as arable land. (II) Population density, that is the population per unit area. Greater population density means more human activities. (III) Urbanization ratio, measured by the proportion of resident population in urban areas in entire population, can reflect the trend of population concentration to urban areas. (IV) Per capita rural disposable income and (V) per capita urban disposable income are used to reflect the living standards of residents. (VI) Density of the road network, which refers to the operating length of the transportation facilities per unit of land, not only showing the accessibility of a place, but also indicating its regional advantages. (VII) The urban green coverage rate, which is an important index to reflect the status of ecological and environmental conservation. The above data are basically from statistical yearbooks of prefecture-level cities and statistical bulletin of economic and social development of county-level areas.



Finally, the policy intensity is important. During the early stage of economic development, the ecological environment in China was not protected, resulting in frequent natural disasters in the late 1990s. Since 2000, China has implemented a series of ecological restoration projects, including the “Natural Forest Protection”, “Turn Marginal Farmland to Forests and Grasslands”, “the Three-North Shelter Forest Program”, “the Control over the Sources of Sandstorms Affecting Beijing and Tianjin” and “Fast-Growing and High-Yield Plantation” [39]. These can be called the largest ecological engineering constructions in the world [40,41,42]. In terms of grassland protection, since 2011, incentive and subsidy policies for grassland ecological protection have been implemented in eight major grassland pastoral provinces (or autonomous regions), such as Inner Mongolia, Qinghai and Gansu. These policies benefit 639 counties and districts in China at present, covering an area of 320 million hm2 of grassland, accounting for over 80% of the national grassland areas [43]. Beyond that, China has also done a lot to protect wetland since the “13th Five-Year Plan”, including compensation and subsidies for wetland ecological benefits, reverting farmland to wetland, wetland protection and restoration subsidies and establishing nature reserves, with the overall protection rate of national wetlands reaching 52.65% until now [44]. These projects have played an important role in desertification control, water protection and biodiversity conservation [45,46]. Therefore, in this paper, whether there is participation in these ecological projects and to what extent are variables employed into the model in order to analyze the impact of policies on the vegetation suitability in the Yellow River Basin. Specifically, in the global regression, six variables were selected to characterize the influence of policy intensity on vegetation suitability: the number of key forestry ecological projects they participate, the proportion of afforested area in total forestland area, whether grassland ecological protection program has been implemented and to what extent, whether wetland ecological protection project has been implemented and the ratio of the area of natural reserve to the county area. The data are from China Forestry and Grassland Statistical Yearbook (2018) [47] and China Forestry Statistical Yearbook (from 2002 to 2017) [48]. The description of all variables is shown in Table 1.





2.4. Data


We construct a database of cross-sections on vegetation suitability and human social-economic activities in the Yellow River Basin in 2018 at the county-level scale for this study, which contains 448 county-level units divided into 282 counties, 128 municipal districts and 38 county-level cities. The social and economic data come from China’s Economic and Social Big Data Research Platform (EPS data platform), which integrates multiple database clusters such as industrial operation, regional economy, resources and environment, county and city data, humanities and social sciences and census data. The data on vegetation suitability are obtained through expert scoring method. A total of 357 experts engaged in forestry, ecology, protoculture science, soil and water conservation, desertification and other research, as well as administrative personnel in the industry, practitioners in forestry or grass industry at the primary-level and local inhabitants in the corresponding areas are invited to make their subjective evaluation of vegetation suitability.





3. Results and Discussion


3.1. Distribution of Vegetation Suitability in the Yellow River Basin


3.1.1. Vegetation Suitability Analysis of Different Reaches


Figure 5 shows that the vegetation suitability in the Yellow River Basin is generally poor, leaving extremely daunting tasks of ecological protection and restoration. Comparatively speaking, vegetation suitability in the upper reaches is the worst. That is likely because most upstream counties are located in the high, frigid, ecologically vulnerable region, where vegetation is more responsive to human activities. Once the ecological environment is destroyed, it takes a lot of effort to restore. The vegetation suitability in the downstream counties turns out to be the best of the three reaches at present, but the average score only hits 63.79. Wetland protection and ecological management should be promoted to improve the ecological function in the lower reaches, especially in the region near the mouth of the Yellow River.




3.1.2. Vegetation Suitability Analysis of the Eight Physical Geographic Areas


As is shown in Figure 6., the vegetation suitability in warm temperate humid and sub-humid forest region in the plain and mountain of lower Yellow River is the best. In this area, forests and grass are mainly planted artificially. The vegetation suitability of warm temperate sub-humid saline meadow area in the Yellow River Delta is also relatively high, where the youngest wetland ecosystem in China is distributed. The scores for vegetation suitability sub-frigid semi-arid meadow steppe region in Qinghai Plateau and the warm temperate steppe, desert–grassland region in Yellow River loop and Ordos Plateau are 49.53 and 49.65, respectively. This is due to severe overgrazing in pastures there. According to statistics, the overloading of livestock in the upper reaches of the Yellow River during summer and autumn is 1.42 times, while it is 2.5 times during winter and spring, beyond the self-resilience of the ecosystem [49].





3.2. Results and Discussion of Influential Factors Analysis


Firstly, the impact of producing activities is discussed (according to the results shown in Table 2). The development of the primary and secondary industries has a remarkable negative impact on the vegetation suitability for the whole Yellow River Basin; that is to say, the vegetation suitability declines as these two industries advance, with industrial production in particular. Considering the reality that the economic development level of the upper, middle and lower reaches of the Yellow River varies greatly, we find in economically backward upstream counties, it is better to develop industry than to do nothing and leave the land idle. However, for the midstream counties, where the secondary industry buttresses the economic and social development, the economic density influences vegetation suitability negatively. Shanxi Province and Shaanxi Province are important energy centers as well as basic industrial bases in China, but due to the backward transformation and upgrading of traditional industries, too many resource-intensive industries are triggering serious environmental problems, such as soil pollution and air pollution, while competing with natural vegetation for water and land, and thus affecting the suitability of vegetation there. With the further development of economy, economic density shows a positive effect on the vegetation suitability, just as it does in counties of the lower reaches. This may give the credit to a faster upgrading of the industrial structure (the ratio of three industrial structures is 10:43:47), and the tertiary industry has become the focus of economic development. As we all know, compared with the first two industries, the tertiary industry is more environmentally friendly. Many previous studies have confirmed the noble correlation between agricultural production and vegetation coverage [50]; we further reveal the relation is positive in this paper, especially in the upper and lower reaches of the Yellow River. According to the 2019 Bulletin of the National Cultivated Land Quality Grade, the quality of arable land in Hetao Plain and Huang-Huai-Hai Plain, the two main producing areas of agricultural products along the Yellow River, is mainly classified as Grade 1 to Grade 3 with high soil fertility [51], which is quite suitable for cultivation. Overall, the ratio of effectively irrigated area and the intensity of fertilizer application have significant positive effects on the suitability of vegetation, which is verified in the middle reaches of the Yellow River. Considering that irrigation and fertilizer input is positively associated with output in most cases, farmers naturally increase the input of water and fertilizer in order to improve crop yield. Once water-saving irrigation technology and equipment are introduced in such areas with chronic water shortages as counties in the middle reaches of the Yellow River, not only does the irrigated area increase substantially, but so does the vegetation cover of cultivated land, which correspondingly helps to improve the vegetation suitability. The main problems that chronically trouble the upstream counties span desertification, water competition between crops and vegetation, overfertilizing and the overuse of pesticides and other non-point source pollution from agriculture; thus, the more irrigation water and fertilizer application used for agricultural production, the greater negative effect is on vegetation suitability.



Secondly, we analyze the effect of human daily living activities. The proportion of construction land in county area and road network density positively influence the vegetation suitability, while urbanization rate and per capita urban disposable income have negative impacts, as originally expected. The areas of construction and the road network density can witness the regional development level and location advantages. Generally speaking, areas with higher proportion of construction land are usually those developed earlier, and a place with the highest road network density is often regarded as the pivot of the region. In recent years, more attention has been paid to ecology, green practices and livability in China’s urban construction. The average urban green coverage rate of counties along the Yellow River has reached 36.57%, and the figure hits 39.77% in districts and county-level cities with higher urbanization rate. That provide sufficient evidence that highlighting ecological civilization construction can improve the suitability of local vegetation. With the acceleration of urbanization, the population gather faster to cities and towns. Then comes a higher demand for water supply, power supply, heat supply and others. Inevitably, more household garbage is generated, which affect the vegetation suitability through their damage to the soil, water and climate. In other words, the higher population urbanization rate partly means the poorer vegetation suitability. The increase in disposable income indicates the raise of people’s living standards, so that they can participate in more social-economic activities, which may have negative impacts on the vegetation suitability. However, these activities will not increase indefinitely. When the basic needs are fully met, people pay more attention to the quality of consumption rather than the quantity. If the requirements for ecological environment improve in human life, their positive effects on vegetation suitability will appear.



Finally, from the analysis of policy factors. From the results for the whole basin, participating in grassland and wetland ecological projects has significantly improved the vegetation suitability of the counties covered by related policies, and for grassland ecological protection, the more subsidies there are, the greater improvement of vegetation suitability is. This fully proves that the implementation of these ecological projects has achieved the desired goals in vegetation conservation and restoration. However, it is worth noting that the proportion of afforested area in total forestland area seems to have a significant negative effect on vegetation suitability in this study, which is not in line with our expectations. On the one hand, we should recognize that afforestation is one task but not the only of forestry ecological projects. For example, the core task of “Natural Forest Protection” is to protect the natural forest in key areas and allow the forest to recuperate. However, limited by the availability of data, there may be some inevitable bias of the results in this paper. On the other hand, major ecological protection and restoration projects of the Yellow River have been carried out one after another since the founding of PRC in 1949. At this late hour, areas with more new forests, grass and wetlands are precisely those with lower vegetation cover and weaker ecological foundations, which may be the root of their lower vegetation suitability.



When analyzing the impact on various reaches, we found sharp differences. Firstly, for counties in the upper reaches, Natural Forest Protection and Turn Marginal farmland to forests and grasslands are the most extensively launched projects that almost cover all the counties; they have actually improved the local vegetation suitability. By contrast, the vegetation suitability goes up in some degree after practicing grassland ecological protection, but the effect is not so good; even in certain areas, the more that forbidden grazing and forage livestock balance are in the areas, the worse vegetation suitability appears. More surprisingly, a significant negative correlation emerges when it comes to the impact of the Control over the Sources of Sandstorms Affecting Beijing and Tianjin program, the construction of shelter-belt system and wetland ecological protection. A possible reason is that grassland degeneration and desertification as well as wetland degradation caused by long-term overgrazing are the key and difficult points upstream governments must encounter; therefore, the policy mix should also be inclined to explore new patterns of sustainable grassland and wetland ecological restoration and productivity restoration. Secondly, for most of the counties along the middle reaches of the Yellow River, the Natural Forest Protection, Turn Marginal Farmland to Forests and Grasslands, the Control over the Sources of Sandstorms Affecting Beijing and Tianjin and the Three-North Shelter Forest Programs, as well as general wetland ecological protection are widely implemented. At first, we find a negative correlation between the vegetation suitability and implementing the Natural Forest Protection and the Control over the Sources of Sandstorms Affecting Beijing and Tianjin programs. Constructing shelter-belt forests has a positive effect on vegetation suitability but not very significant; meanwhile, carrying out wetland protection markedly increases the vegetation suitability. The ecological protection projects involved in the downstream districts or counties turn out to be returning farmland to forests and grassland, the fast-growing and high-yield forest construction and wetland ecological protection. From the perspective of improving the vegetation suitability, it makes most sense to promote returning farmland to forests and grasslands in Shandong, Henan and other traditional agricultural provinces. Practice has proven that planting fast-growing and high-yield forests not only expands the forest area, but also improves the vegetation suitability while bringing more benefits to farmers. It can be seen that the policy orientation of growing trees and grass in suitable areas is correct and quite effective.




3.3. Robust Test of Influential Factors


After the above analysis, we need to verify the robustness of these regression results. This paper divides the sample into two groups, using multivariate regression model estimated by Fractional Logit. The first group consists of 166 county-level cities and districts with higher economic development level, population density and urbanization rate; the second group includes the remaining 282 counties in the Yellow River Basin. The results are shown in columns 3–6 of Table 3. It can be seen that the effects of social-economic activities on vegetation suitability in both groups are basically consistent with the above analysis, which proves that the above analysis results have a certain degree of robustness and are credible.





4. Conclusions and Implications


4.1. Conclusions


This paper constructed an index system with three dimensions of production, people’s living and policy intensity to explore what human activities influence vegetation suitability and how they work. The findings demonstrated that the development of primary and secondary industry had a significant negative impact on vegetation suitability for the whole basin. The higher urbanization rate is, the greater the disturbance to vegetation suitability will be. The adoption of modern agriculture technology and equipment (water-saving irrigation technology, for instance) has not only improved the agricultural production conditions, but also elevated vegetation suitability. The social-economic factors affecting the vegetation suitability are of great difference among counties in the Yellow River Basin. The upstream counties are the most backward in economic development, excessive irrigation and fertilization are the main factors destructing the ecological environment and thus decreasing vegetation suitability here. As for midstream counties where economic development mainly depends on secondary industries and traditional energy, a higher economic density and urbanization rate make vegetation suitability lower. While in relatively developed counties in the lower reaches, economic advancement can help to improve vegetation suitability after economic restructuring and upgrading, overcrowding has exactly the opposite effect. The implementation of ecological projects plays a positive role in vegetation conservation and restoration. If a county in the upper or lower reaches participated in turning marginal farmland to forests and grasslands, the vegetation suitability there must be better than in counties that did not. The compensation award policy for grassland ecological protection executed in upstream pastoral areas has significantly improved the vegetation suitability, and the effect of policy strengthens as the subsidy increases. The same goes for constructing wetland nature reserves in the middle and lower reaches.




4.2. Implications


The environment is the foundation of economic development, while rational and orderly economic growth is an important support for strengthening environmental protection. The key to their symbiosis lies in improving the quality and efficiency of industrial development. We should vigorously promote environment-friendly industry and technology, innovate the mode of economy and industry alliance and realize the sustainable development of economy. Meanwhile, the vegetation suitability assessment in this paper was made in 2019 and regrettably we did not keep track of the latest data. Limited by this, we cannot delve into the dynamic change of human impacts on vegetation suitability and its trend. We hope that an ongoing regular investigation of vegetation suitability can be implemented, which may contribute to better design vegetation restoration programs and optimize the ecological protection policies.
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Figure 1. Location of the Yellow River Basin in China. 
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Figure 2. The Yellow River Basin divided by segment characteristics. 
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Figure 3. Technical framework for physical geographic area division. 
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Figure 4. The Yellow River Basin divided by physical geographic areas. 
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Figure 5. Vegetation suitability index of different reaches. 
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Figure 6. Vegetation suitability of each physical geographic area. 
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Table 1. Variables’ description and data source.
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Classification of Variables

	
Meaning of Variables

	
Source of Data

	
Expected Result






	
Explained Variable




	
FSGS

	
Forest–Shrub–Grass Suitability/100

	
Expert Scoring Method

	
—




	
Explanatory Variables




	
Production activities

	
Eco

	
the ratio of gross regional domestic product to county area (100 million yuan per square kilometers)

	
China County Statistical Yearbook

	
-




	
Agri

	
the ratio of the value added of primary industry to gross regional domestic product (%)

	
-




	
Indus

	
the ratio of the value added of secondary industry to gross regional domestic product (%)

	
-




	
Frmlnd

	
the ratio of cultivated area to county area (%)

	
Data Center for Resources and Environment Sciences of Chinese Academy of Sciences

	
-




	
Irri

	
the ratio of irrigated area to cultivated area (%)

	
Statistical yearbooks of prefecture-level cities

	
+




	
Fert

	
the amount of fertilization (kilograms per mu)

	
To be estimated




	
Daily living activities

	
Const

	
the ratio of construction land area to county area (%)

	
Data Center for Resources and Environment Sciences of Chinese Academy of Sciences

	
-




	
Popu

	
the ratio of resident population to county area (one thousand per square kilometers)

	
Statistical yearbooks of prefecture-level cities;

Statistical bulletin of economic and social development of county-level

	
-




	
Urbni

	
urbanization ratio of resident population (%)

	
-




	
Incom1

	
per capita rural disposable income (ten thousand yuan)

	
To be estimated




	
Incom2

	
per capita urban disposable income (ten thousand yuan)

	
To be estimated




	
Road

	
the ratio of road mileage to county area (one kilometer per square kilometers)

	
To be estimated




	
Greeni

	
the ratio of urban green coverage to construction land area (%)

	
+




	
Policies

	
Nfp

	
Whether natural forest protection project has been implemented: Yes = 1, No = 0

	
⟪China Forestry and Grassland Statistical Yearbook⟫ (2018) [47];

⟪China Forestry Statistical Yearbook⟫ (2002 to 2017) [48]

	
+




	
Rftf

	
Whether return farmland to forests or grassland has been implemented: Yes = 1, No = 0

	
+




	
Css

	
Whether the control over the sources of sandstorms affecting Beijing and Tianjin has been implemented: Yes = 1, No = 0

	
+




	
Ths

	
Whether the three-north shelter forest program has been implemented: Yes = 1, No = 0

	
+




	
Rgay

	
whether fast-growing and high-yield plantation has been implemented: Yes = 1, No = 0

	
+




	
Affor

	
the ratio of afforestation area through key ecological projects to forestland area (%)

	
+




	
Wetl

	
whether wetland conservation or restoration projects have been implemented: Yes = 1, No = 0

	
+




	
Naresv

	
the ratio of the area of natural reserve within the county to the county area (%)

	
+




	
Grasle

	
whether the incentive and subsidy policies for grassland ecological protection have been implemented: Yes = 1, No = 0

	
Official websites of Forestry Bureau of prefecture-level cities

	
+




	
Subsidy

	
the amount of subsidy (yuan per mu)

	
+
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Table 2. Estimation results of the fractional logit regression model.
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Classification of Variables

	
Name of Each Variable

	
The Whole YR Basin

	
Upper Yellow River

	
Middle Yellow River

	
Lower Yellow River




	
Coefficient

	
Z-Value

	
Coefficient

	
Z-Value

	
Coefficient

	
Z-Value

	
Coefficient

	
Z-Value






	
Production activities

	
Eco

	
−0.014

	
−1.28

	
0.007

	
0.31

	
−0.023 **

	
−2.19

	
0.04 ***

	
4.07




	
Agri

	
−0.002 **

	
−2.00

	
−0.001

	
−1.46

	
−0.001

	
−0.50

	
0.0002

	
0.07




	
Indus

	
−0.001 ***

	
−3.32

	
−0.0003

	
−0.65

	
−0.001

	
−1.57

	
−0.001

	
−0.76




	
Frmlnd

	
0.002 ***

	
4.03

	
0.004 ***

	
4.63

	
0.0003

	
0.40

	
0.003 *

	
1.86




	
Irri

	
0.002 ***

	
2.99

	
−0.003 ***

	
−2.82

	
0.003 ***

	
4.11

	
0.0005

	
0.31




	
Fert

	
0.0004 **

	
2.52

	
−0.001 **

	
−2.47

	
0.000 **

	
2.12

	
−0.0004

	
−0.35




	
Daily living activities

	
Const

	
0.01 ***

	
5.30

	
0.001

	
0.63

	
0.003 **

	
2.47

	
0.004

	
1.35




	
Popu

	
0.02

	
1.12

	
0.04

	
1.36

	
0.021

	
1.52

	
−0.04 *

	
−1.72




	
Urbni

	
−0.002 ***

	
−3.32

	
0.001

	
1.02

	
−0.002 ***

	
−2.62

	
0.001

	
0.4




	
Incom1

	
−0.003

	
−0.19

	
−0.03

	
−1.48

	
0.008

	
0.36

	
−0.01

	
−0.52




	
Incom2

	
−0.04 **

	
−2.56

	
−0.04 ***

	
−2.73

	
0.055 **

	
2.13

	
−0.02

	
−0.55




	
Road

	
0.02 **

	
2.05

	
−0.01

	
−0.32

	
0.021 **

	
2.51

	
−0.001

	
−0.08




	
Greeni

	
0.0004

	
0.49

	
−0.001

	
−0.98

	
−0.0001

	
−0.12

	
0.003

	
1.15




	
Policies

	
Nfp

	
—

	
—

	
0.13 *

	
1.72

	
−0.132 ***

	
−3.89

	
—

	
—




	
Rftf

	
—

	
—

	
0.12 **

	
2.55

	
−0.012

	
−0.14

	
0.14 ***

	
2.95




	
Css

	
—

	
—

	
−0.12 ***

	
−5.69

	
−0.245 ***

	
−11.87

	
—

	
—




	
Ths

	
—

	
—

	
−0.07 *

	
−1.76

	
0.047

	
1.33

	
—

	
—




	
Rgay

	
—

	
—

	
—

	
—

	
—

	
—

	
0.18 ***

	
2.95




	
Number

	
−0.02

	
−1.17

	
—

	
—

	
—

	
—

	
—

	
—




	
Affor

	
−0.001 ***

	
−3.99

	
−0.0002

	
−0.66

	
0.001

	
1.43

	
−0.0003

	
−1.15




	
Grasle

	
0.14 ***

	
3.88

	
0.02

	
0.69

	
—

	
—

	
—

	
—




	
Area

	
--

	
--

	
−0.0001 *

	
−1.96

	
—

	
—

	
—

	
—




	
Subsidy

	
0.001 ***

	
3.93

	
0.0003

	
1.24

	
—

	
—

	
—

	
—




	
Wetl

	
0.04 *

	
1.66

	
−0.03 **

	
−2.06

	
0.07 ***

	
3.62

	
0.01

	
0.47




	
Naresv

	
0.0002

	
0.49

	
−0.0001

	
−0.11

	
0.0002

	
0.33

	
0.001

	
1.55




	
Region dummy variables

	
Upper

	
−0.37 ***

	
−10.25

	
—

	
—

	
—

	
—

	
—

	
—




	
Middle

	
0.04 *

	
1.77

	
—

	
—

	
—

	
—

	
—

	
—




	
Constant term

	
0.58 ***

	
8.65

	
0.14

	
1.58

	
0.34 ***

	
2.69

	
0.08

	
0.34




	
Sample size

	
488

	
168

	
219

	
61








Note: * is p < 0.1; ** is p < 0.05; *** is p < 0.01.
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Table 3. Results of robustness test.
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Classification of Variables

	
Name of Each Variable

	
Coefficient

	
Z-Value

	
Coefficient

	
Z-Value






	
Production activities

	
Eco

	
−0.02 *

	
−1.92

	
−0.039

	
−0.26




	
Agri

	
0.001

	
0.46

	
−0.002 *

	
−1.89




	
Indus

	
−0.001

	
−1.2

	
−0.002 ***

	
−3.07




	
Frmlnd

	
0.002 **

	
2.28

	
0.001 *

	
1.7




	
Irri

	
0.002 **

	
2.42

	
−0.0004

	
−0.53




	
Fert

	
0.0003

	
0.64

	
0.0005 ***

	
3.23




	
Daily living activities

	
Const

	
0.004 ***

	
3.59

	
0.005

	
1.43




	
Popu

	
0.03 *

	
1.82

	
0.389 ***

	
3.04




	
Urbni

	
−0.001

	
−1.54

	
−0.001 **

	
−2.03




	
Incom1

	
0.014

	
0.96

	
−0.072 *

	
−1.78




	
Incom2

	
−0.06 ***

	
−2.59

	
0.004

	
0.21




	
Road

	
0.02 **

	
2.2

	
−0.006

	
−0.4




	
Greeni

	
0.003

	
1.64

	
−0.001

	
−0.63




	
Policies

	
Number

	
−0.07 **

	
−2.46

	
0.024

	
1.08




	
Affor

	
−0.002 ***

	
−3.74

	
−0.001 **

	
−2.43




	
Grasle

	
0.16 ***

	
2.65

	
0.066 *

	
1.9




	
Subsidy

	
0.002 ***

	
2.92

	
0.001 ***

	
3.05




	
Wetl

	
0.11 ***

	
2.99

	
−0.014

	
−0.52




	
Naresv

	
0.0002

	
0.48

	
0.001

	
1.42




	
Region dummy variables

	
Upper

	
−0.28 ***

	
−5.23

	
−0.375 ***

	
−6.25




	
Middle

	
0.114 ***

	
2.79

	
−0.020

	
−0.61




	
Constant term

	
Constant

	
0.620 ***

	
4.38

	
0.472 ***

	
6.19




	
Sample size

	
166

	
282








Note: * is p < 0.1; ** is p < 0.05; *** is p < 0.01. Generally, the results are kept to two decimal places. When the result data are too small, 3–4 decimal places are retained. The same as below.
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