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Abstract

:

Land-use changes can significantly affect both the ecosystem services value (ESV) and ecosystem functions. Estimating the impacts of land-use changes in ESV in the Belt and Road Initiative (BRI) is indispensable to provide public awareness about the status of ESV, and to help in policy-making processes. To understand the spatiotemporal evolution of land-use its impact on ESV in the BRI, this study investigated the main water-resource areas of BRI. Using GLCNMO data (2003, 2008, 2013), the land-use dynamic degree, comprehensive index of land-use degree, land-use transfer matrix, and method of ESV valuation were adopted to analyze the changes in land-use and ESV. The results showed that forest and cropland area increased markedly between 2003 and 2013, whereas grassland and shrubland area notably decreased. Forest, shrubland, grassland, cropland, and bare land occupied a relatively large proportion and changed frequently. The total ESV of the study area has increased from US $74.98 million in 2003 to US $82.12 million in 2013, which was primarily caused by the transition from cropland and grassland to forest. The impacts of land-use changes on the specific ecosystem services are also tremendous. The presented results can be valuable for the government for future land-use planning activities.
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1. Introduction


In the 21st century, in the new era with peace, development, cooperation, and win-win as the theme, facing the weak recovery of the global economic situation and the complicated international and regional situation, it is more important and precious to inherit and carry forward the spirit of the silk road. Therefore, Chinese President Xi Jinping called for establishment of a new regional cooperation model, by jointly building the “Silk Road Economic Belt” and “21st Century Maritime Silk Road” in 2013. These proposals are officially termed as the “Belt and Road Initiative” (BRI). The BRI is the road to win-win cooperation and common prosperity, which is in line with the fundamental interests of the international community, and an active exploration of international cooperation and a new model of global governance. Meanwhile, The BRI aims to promote world peace and stimulate economic development in Asia, Europe, and Africa [1,2]. With BRI implementation, there has been increased research interest in the economic [3,4] and ecological environments [5,6] of BRI areas, especially in ecosystem service value. Ecosystem services to assess environment change has usually been carried out based on land-use change [7]. However, there are large gaps in land-use efficiency among countries, which leads to the differences of ecosystem service value in different regions. At present, land-use change and ecosystem service value is mostly directed at a certain river basin or a city in BRI areas [8,9], and there is a shortage of research on land-use changes in the whole BRI areas. BRI areas are characterized by both vast spaces and large populations, frequent human activities have a great impact on land-use change and ecosystem services value (ESV). There is a need, therefore, to study the main types and regional directions of changes in land-use types and its impact on ESV in BRI areas [10], which can lay a foundation for land management decisions, ecological environmental protection, and future research on BRI areas.



Land-use change is an important topic in the field of global environmental change. Land-use is affected by both natural and human activities, while displaying certain regularity [11]. Globalization promotes economic development and population growth and speeds up the urbanization process of all countries in the world. Industrial development and demand for housing in cities has driven rapid conversion of surrounding land-use [12], resulting in the loss of ecosystem service [13]. The analysis of land-use is helpful in understanding the changes of the ecosystem services. Most of the researches on land-use change are based on remote-sensing images and are described by the correlation analysis method [14,15]. The common methods of land-use dynamics analysis include the transfer matrix method, mathematical statistics, the structural parameter method, and landscape pattern feature analysis [16]. According to the different scale of research, we can study the land-use change of a country [17,18,19], a river basin [20], and a city. While there is ample research on needle-based land-use changes in specific countries or smaller research areas, there remains a lack of research on land-use changes involving multiple countries.



This area has been increasingly studied since the 1990s, especially in terms of its influence on ecosystem services [21,22,23]. Ecosystem services is a collective term that refers to the benefits (e.g., goods and services)—large and small, direct and indirect—that ecosystems generate and provide to people [24]. The study of ecosystem services has become a popular topic in the field of environmental impact assessment [25]. Land-use can lead to changes in ESV [26,27,28]. Human activity has extensive effects on the ecosystem through changes in land-use [29,30]. Investigating the quantitative relationship between land-use and ecosystem services can enhance our understanding of the importance of natural ecosystems. Costanza et al. (1997) provided a principle and method of estimating the value of global ESV; they evaluated the ESV from 17 types of service functions and updated the global ESV in 2014. Many scholars began to estimate ESV using different or improved methods on either a regional or a global scale. Based on a list of ESV coefficients land-use/land-cover types (LULC types) and global ESV estimates [31], different studies have quantitatively calculated ESV in different research areas [32,33,34]. Based on this value coefficient, the present study analyzed the effect of land-use change on ESV and carried out quantitative research.



Previous studies have shown that trends in land-use changes and ecosystem services changes can effectively influence decision makers’ decisions on land-use [35,36,37], which also facilitates the relevant decision makers of the BRI countries to formulate reasonable land-use policies, ensure the sustainable development of land-use, effectively enhance the value of ecosystem services, and protect the ecological environment. What is the past land-use change and the future trend in BRI areas? What is the principal land-use transfers? How can the change of land-use to improve the value of ecosystem services be controlled? All of them are critical to guaranteeing spatial land management and protecting the ecological environment. Therefore, we believe that it is both necessary and meaningful to study on land-use of the main water-resource areas of the BRI and understand the trend of land-use change and its impact on ESV under the influence of human activities.



In this study, land-use dynamic degree, comprehensive index of land-use degree, and land-use transfer matrix were used to investigate (a) the land-use change over time and space in the BRI area; (b) the transformation between each land-use category and whether they are active or not; and (c) quantify the amount of ESV lost/gained due to changes in land-use types in the BRI area. As far as we know, this is the first study to analyze land-use change and ESV change in such a wide range. The study of land-use changes and its effect on ESV in BRI area can provide a reference for developing land-use plans, land protection policies, optimizing land utilization structures, and helping to guide the development of a global strategic framework for land-use change.




2. Materials and Methods


2.1. Study Area


The “Belt and Road” route refers to the main node cities and roads based on the “Belt and Road” initiative’s spatial pattern, the main route formed by the series of ports reflecting the trend of the “Belt and Road”. The main water-resource areas of the BRI refers to the main axis of the “Belt and Road” main route, and the borders of the national administrative regions or watershed boundaries along the line as the limits, with the water resource zones or administrative zones within the limits as the main water resource zone. The main water resources area composed of units reflecting the main route of the “Belt and Road”. This study took the main water-resource areas of the BRI as the research object (Figure 1). The total area of the study site extends between 00°04′ E−137°03′ E and 10°59′ S−58°57′ N. The study scope was based on the main BRI line drawn by Qiting Zuo [38]. Fifty countries in Asia, Europe, and Africa were included. These were further divided into 11 regions: East Asia (EAS), West Asia (WAS), South Asia (SAS), Central Asia (CAS), Southeast Asia (SEAS), Eastern Europe (EEU), Central Europe (CEU), Western Europe (WEU), Southern Europe (SEU), East Africa (EAF), and North Africa (NAF). Among them, the Asian region was divided into five parts involving 25 countries, the European region was divided into four parts involving 19 countries, and the African region was divided into two parts involving 6 countries.




2.2. Data


Land-use data for the main BRI water-resource areas were obtained for the years 2003, 2008, and 2013 from GLCNMO remote-sensing images (resolution: 500 m, https://globalmaps.github.io/glcnmo.html), issued by the Japan Geospatial Information Agency, Chiba University, and other cooperative organizations [39,40,41], and the data were widely used [42,43,44]. An accuracy of 500 m meets the needs of large-scale research and can ensure the reliability and authenticity of the remote sensing data.




2.3. Methods


2.3.1. Basis and Method for Classifying Land-Use Types


The research area covers a wide range of areas. The criteria for determining land-use types are not uniform throughout the world, and the definitions of classification types also differ among different classification systems [45]. Since there is a lack of comparability between them, it is necessary to find a unified classification standard, establish links between countries, and make it multisource. This study, therefore, aimed to establish an effective link between remote sensing data and land-use information from different global and regional projects, synthesize the relevant literature, and adopt the Food and Agriculture Organization of the United Nations/United Nations Environment Programmed Land Cover Classification System (FAO/UNEP LCCS) classification system. Based on the characteristics of different types of land cover, ArcGIS was used to reclassify it into nine large-scale land-use types: Forest, shrubland, grassland, cropland, wetland, bare land, urban, ice/snow, and water body (Table 1).




2.3.2. Calculation of Land-Use Dynamics


A dynamic degree model of land-use is normally used to express changes in land-resource quantity. Dynamic degree can quantitatively describe land-use change rates and truly reflect the intensity of land-use changes in a given region. A land-use dynamic degree model can be divided into single land-use dynamic degree and comprehensive land-use dynamic degree. This study used single land-use type dynamic degree R as an index for analysis [46]. Single land-use dynamic degree expresses the rate of quantitative change of a certain land-use type in a certain time range. Emphasis is placed on the change in individual land-use types, as expressed by the following:


   R  iT   =    U  i b   −  U  i a      U a    ×  1 T  × 100 %  



(1)




where RiT denotes the degree of land-use dynamic for a specific land-use type, Uia and Uib are areas that are annually under specific land-use types (km2), and T denotes time in years.




2.3.3. Land-Use Transfer Matrix


A land-use transfer matrix can be used to describe the structure and characteristics of land-use change in a study area and the direction of change among different land-use types. Its mathematical description is as follows:


  S =  (       S  11      ⋯     S  1 n        ⋮   ⋱   ⋮       S  n 1      ⋯     S  n n        )   



(2)




where S denotes areas, and n denotes the number of land-use types.




2.3.4. Comprehensive Index of Land-Use Degree


A comprehensive index of land-use degree quantitatively depicts the comprehensive effect of human activity on land-use change by assigning values to different land-use types, as expressed by the following equation [47]:


  I =   ∑   i = 1  n   A i  ×  C i   



(3)




where I is the comprehensive index of land-use in the research area, Ai is the gradation value of the ith ranking land-use type, Ci is the area percentage of the ith ranking land-use intensity, and n is the land-use grade number.



The quantification of the degree of land-use is based on the limit of the degree of land-use, the upper limit of land-use, that is, the utilization of land resources reaches the peak, and human beings are generally unable to make further use and development of land resources, while the lower limit of land-use is the starting point for the development and utilization of land resources. Land-use classification system classifies land-use types according to remote sensing data, FAO/UNEPLCCS classification, main land-use patterns, and other factors. According to the natural balance maintenance state of land natural complex under the influence of social factors, it is divided into four kinds, which are Unused land grade; Forest, Grassland, and Water Land Grade; Agricultural Land Level; and Urban Settlement Land Level. Category values are given to four kinds of land-use grade, which results in four kinds of land-use degree classification indexes [48]. According to the land-use degree of the nine land-use types after classification, the corresponding grading index is obtained, as shown in Table 2.




2.3.5. Evaluation Method for Ecosystem Services


This study adopted the method of value evaluation based on monetary quantity. The result of the value evaluation method is monetary value. It can not only compare different ecosystems with the same ecosystem service, but also integrates the individual services of an ecosystem. Costanza et al. used it to analyze students in a region. ESV is calculated using the following equation:


  ESV =  ∑   A k  × V  C k   



(4)




where ESV denotes ecosystem service value, Ak is the area (ha) for land-use type k, and VCk (seJ/ha) is the value coefficient for land-use type k. The value coefficients of the global ecosystem services of different land-use types were determined based on Costanza et al. [31].



In the last stage, we quantified the ESV of nine land-use types determined during the study period; because the ESV of different land-use types in different regions of the world are different, in order to quantify and unify, we used the method proposed by Costanza et al. [31] and Li et al. [33] to assess the ESV. Among them, the equivalent biological community corresponding to wetland, ice, forest, grassland, cropland, and urban is consistent, which corresponds to rock and lakes/rivers according to the definition and description of bare land and water body; the classification of land-use type in the ESV established by Costanza does not include shrubland, but shrubland belongs to woody plants, which is similar to forest, so the equivalent biological community of shrubland is defined as forest.



The biomes used as proxies for the land-use categories were not perfect matches. Specifically, the land-use settlement differed from Costanza et al. [31] urban biomes. For example, shrubland is not identical with forest as it lacks the desired level of canopy cover. We also used the values of rock ecosystem service as surrogate for the estimation of bare land.



Ecosystem functions are the characteristics of ecosystem services [49]. Therefore, these functions (see [39]) are used to determine which services are acquired/lost as the type of land cover changes over a specific period of time in the study landscape. According to Costanza, 17 ecosystem functions are divided into 4 ecosystem services and major related products can be found on the website of Bateman et al. [50]. The ecosystem functions are quantified to provide the number of ecosystem functions acquired/lost, and then used to further quantify the total ecosystem services acquired/lost.






3. Results


3.1. Land-Use Distribution Pattern of the Belt and Road Areas


Using the FAO/UNEP LCCS classification system, according to nine large-scale land-use types, data for 2003, 2008, and 2013 were analyzed by ArcGIS; then, land-use maps of BRI areas were obtained for the specified years (see Figure 2). It was found that during 2003–2013, cropland was the main land-use type, accounting for 27.28–35.36% of the total area. South Asia accounts for the largest proportion of cropland, and is located in the tropics, with sufficient heat, with the best land conditions in Asia, which leads the cropland areas. South Asia has one of the largest cropland areas of the world, both in terms of the net cropland area as well as the gross cropland area [51,52]. North Africa accounts for the least proportion of cropland, and most of its land-use types are bare land. Specifically, North Africa is dominated by tropical desert climate, with annual precipitation of about 200 mm, resulting in more than 70% bare land in North Africa [53].



This was followed by grassland, forest, and bare land, accounting for 18.93–23.32%, 17.76–25.98%, and 18.24–19.15% of the total area, respectively. The grassland area is mainly concentrated in EAS, WAS, and CAS, accounting for about 60% of the total grassland area. Forest is the main land-use type of SEAS. The abundant rainfall and frequent high temperature in SEAS have formed humid and hot climate characteristics, which provide extremely favorable conditions for the growth of tropical forests, making the region the most prosperous tropical forest in Asia and one of the most abundant tropical forest resources in the world [54]. Meanwhile, wetland, urban, ice/snow, and water body were all less, accounting for less than 1%.



The distributions of land-use in different regions of the study area were quite different (Figure 3). In 2003, the most prevalent land-use type was bare land in EAS, WAS, and NAF, accounting for 32%, 52%, and 87%, respectively. Grassland dominated in CAS and EAF. SEAS were mainly forest. EEU, CEU, WEU, and SEU had cropland as the main land-use type. In 2013, The main types of land-use in SEU have changed from cropland to forest. At this stage, human activities and climate change may affect the conversion of shrubland and grassland to forest, resulting in the forest area exceeding the cropland area. In EAF, the main land-use types have changed from grassland to shrubland. The main reason is that the change of cropland and bare land area has become shrubland. The decrease of bare land area is related to population expansion, but the change of cropland area to shrubland is not the same as the result of population growth, land-use policy change, and agricultural expansion [55]. The land-use types in the rest areas have not changed and remain stable.




3.2. Spatiotemporal Evolution of Land-Use in the Belt and Road Areas


3.2.1. Dynamic Changes in Land-Use in the Belt and Road Areas


Dynamic degree can be used to judge the stability of land type in a given study period. Based on the single land-use dynamic degree formula, the land-use dynamic degrees (annual averages) of BRI areas and 11 districts during the periods 2003–2008 and 2008–2013 were calculated and illustrated in thermal maps (Figure 4).



There were significant differences in land-use changes in the study area. The maximum change in land-use dynamic degree was in wetland, up to 394%. Wetlands are among the most valuable ecosystems in the world due to their delivery of ESV, but they are particularly vulnerable to drivers of land-use change, especially within the scope of taking the main water resources area as the research area [56]. This indicates that wetland was the most active land-use type during 2003–2008. The smallest (at 0) were grassland and bare land, indicating that they were the most stable land-use types during 2003–2008. There were also significant differences in land-use changes among different zones. The largest change in comprehensive land-use dynamic degree was in WAS, reaching as high as 27,761%. The main reason for the change is that the areas of wetland in WAS were very small in 2003, and the increased area of wetland from 2003 to 2008 was much larger than the original, which made the wetland dynamic degree in WAS the largest. The next-largest changes were in SAS, SEAS, and CAS, while the smallest change was in EEU (only 8%).



In EEU, bare land showed the biggest change, reaching 38%, while cropland was the smallest at 4%. The dynamic degree of all land-use types was not more than 40%, which was relatively stable. In CEU, wetland showed the biggest change, reaching −20%, while ice/snow was the smallest at 0. The dynamic degree for all land-use types was relatively stable, with changes of no more than 20%. The biggest change in land-use dynamic degree in WEU was bare land (up to 160%), while the smallest was grassland at −2%; otherwise, the changes in land-use dynamic degree for other land-use types were not more than 16%, which was relatively stable. The biggest change in land-use dynamic degree in SEU was for bare land, up to 257%, while wetland was −2%. The largest land-use dynamic change in EAF was for forest, up to 100%, while wetland and ice/snow were the smallest (0); the dynamic degree for other land-use types was no more than 38%, which is relatively stable. In NAF, the largest dynamic degree of land-use change was for shrubland, up to 642%, while wetland and ice/snow were the smallest (0); other dynamic degree changes in land-use types were no more than 20% (i.e., relatively stable).



It can be seen that in Europe, the dynamic degree of bare land is greater than other land types, while in Asia, the dynamic degree of wetland is greater, because bare land and wetland area are relatively small in Europe and Asia.



The annual change rates in land-use type during 2008–2013 in BRI areas were calculated using the single land-use dynamic degree formula (Figure 5). The results showed no significant differences in land-use changes in the study area. The change in land-use dynamic degree was the largest, but only at 15%, indicating that the changes in the nine land-use types were relatively stable during 2008–2013. However, there were significant differences in land-use changes among different zones, among which the most significant was the comprehensive land-use dynamic degree in EEU, which was up to 14,365%; the smallest change was in CAS at only 1%. In the seven subregions of EAS, CAS, WAS, SEAS, SAS, EAF, and NAF, the largest changes in land-use dynamics were wetland, ice/snow, cropland, shrubland (grassland), wetland, shrubland, and shrubland, with sizes of −17%, 31%, 26%, 18%, 43%, 24%, and 20%, respectively. The degree of change was no more than 43%, and the overall change was relatively stable. The smallest change in land-use dynamics among the seven zones was forest (bare land), bare land, ice/snow, ice/snow, water body, shrubland (urban and ice/snow), wetland, and ice/snow.



By analyzing the overall and state land-use dynamics of the study area in 2003–2008 and 2008–2013, it can be found that the degree of land-use change (0.25) in 2008–2013 is more stable than that in 2003–2008 (3.89). In addition to EEU and CEU regions, the degree of land-use change in other regions is also stable. The change of wetland area between 2008–2013 in EEU and CEU is the main reason for the increase of regional dynamic degree.




3.2.2. Land-Use Transfer Characteristics of the Belt and Road Areas


Formula (2) calculates the transfer matrices and land-use transfer matrices from 2003 to 2008 and 2008 to 2013 (Table 3 and Table 4). Table 3 shows the following main characteristics of land-use conversion in the study area during 2003–2008: (1) 1286 km2 of wetland was converted into other land types, and 28,142 km2 was converted into wetland; (2) a total of 591,098 km2 of bare land was converted into other land types, and 675,251 km2 was converted into bare land; (3) a total of 15,968 km2 of ice/snow was converted into other types and 11,793 km2 of other types into ice/snow; (4) 837,674 km2 of forest was transformed into other land types and 2,381,774 km2 of other land types into forest; (5) 955,386 km2 of shrubland was transformed into other land types and 336,206 km2 of other land types into shrubland; (6) 1,890,290 km2 of grassland was transformed into other land types and 1,897,577 km2 of other land types into grassland; (7) 68,013 km2 of water body was converted into other types and 87,761 km2 of other types into water body; (8) 2,651,823 km2 of cropland was transformed into other land types, while 1,590,277 km2 was converted into cropland; (9) 51,924 km2 of urban was converted into other land types and 54,676 km2 into urban types.



Table 4 shows that the main characteristics of land-use conversion in the study area during 2008–2013 were as follows: (1) 11,302 km2 of wetland was converted into other land types, and 18,819 km2 of other land types were converted into wetland; (2) 730,189 km2 of bare land was converted into other land types, and 561,646 km2 of other land types were converted into bare land; (3) in addition, 2293 km2 of ice/snow was converted into other types 22,195 km2 of other types into ice/snow; (4) 1,163,548 km2 of forest was transformed into other land types and 589,093 km2 of other land types into forest; (5) 252,692 km2 of shrubland was transformed into other land types and 256,234 km2 of other land types into shrubland; (6) 1,740,628 km2 of grassland was transformed into other land types and 918,839 km2 of other land types into grassland; (7) 37,448 km2 of water body was converted into other types and 16,129 km2 of other types into water body; (8) 591,863 km2 of cropland was transformed into other land types, and 2,110,373 km2 was converted into cropland; (9) meanwhile, 21,146 km2 of urban was converted into other land types, and 57,782 km2 of other land types were converted into other land types.



The analysis of land-use transfer rate (Figure 6) for 2003–2008 and 2008–2013 indicates that the main land-use change in the study area was the mutual transformation between forest, shrubland, cropland, grassland, and bare land. Meanwhile, the transformation between wetland, urban, ice/snow, and water body was relatively stable. From 2003 to 2008, the conversion of cropland to other land types was the largest, at 2,651,823 km2, of which 51.31%, 36.30%, 6.72%, and 2.94% were mainly converted into forest, grassland, shrubland, and bare land, respectively. The conversion of other land types to forest was the largest, at 2,381,774 km2, mainly from cropland, grassland, and shrubland, at 57.1%, 3%, 21.32%, and 19.81%, respectively. From 2008 to 2013, the conversion of grassland to other land types was the largest, at 1,740,628 km2, of which 50.32%, 31.90%, 8.69%, and 7.45% were mainly converted into cropland, bare land, shrubland, and forest, respectively. The conversion of other land types into cropland was the largest, at 2,110,373 km2, mainly from forest, grassland, shrubland, and bare land, with proportions of 50.32%, 31.90%, 8.69%, and 7.45%, respectively.




3.2.3. General Change Characteristics of Land-Use Degree in Study Area


Based on formula (3), the comprehensive index and change value of land-use degree of the study area and 11 districts were calculated for 2003, 2008, and 2013 (Figure 7). The influence degree of human activity on land-use in the two time periods was studied accordingly. The findings are described below.



During the period 2003–2018, the land-use degree of the study area showed a general downward trend; only EEU and NAF showed an upward trend. Thus, during this period, the proportion of land-use types that have a greater effect on human activity, such as artificial land surfaces and cropland, decreased, meaning humans have not made as much effort to transform nature. During the period 2008–2013, the land-use degree of the study area and all districts increased. This shows that during this period, land-use areas with low-intensity human activity (e.g., wetland, bare land, ice/snow) decreased, and human activity aimed at transforming nature intensified.



The change in land-use degree in EAS, WAS, SAS, CEU, WEU, SEU, EAF, and NAF during 2008–2013 was greater than during 2003–2008. This indicates that the land-use degree in these regions was affected by human activity, showing an upward trend. The changes in value in CAS, SEAS, and EEU during 2003–2008 were greater than during 2008–2013, indicating a decline in the degree of land-use affected by human activity.



During the study period, except for the decline of land-use composite index in central and Western Asia, the land-use composite index in other regions has been improved. It shows that most areas are increasingly affected by human activities, mainly manifested in the increase of cultivated land area conducive to human development, and the increase of forest area under the requirements of environmental protection. On the contrary, the area of wetland and grassland continues to decline.





3.3. Changes in Ecosystem Services during the Period 2003–2013


Ecosystem service function is a general term for all kinds of environments needed by the ecosystem to maintain normal human development and survival. It is closely related to land-use change [57,58]. Formula 4 was used to calculate the overall ESV and the ESV of different land-use types in the study area in 2003, 2008, and 2013. The contributions of different land-use types to the total ESV differ. In general, forest ESV was the highest, accounting for the total price, with values ranging from 43% to 54%. The net ESV of the study area was increased by 9.52% over the one decade of the study period, from US $ 74.98 million in 2003 to US $ 82.12 million in 2013 (Table 5). In general, the main reason for this increase was afforestation and the increase in wetland (forest/wetland). However, at the same time, the reduction of shrubland and Grassland hindered the increase of ESV. In general, other land-use contribute little to ESV. In order to maximize ESV of landscape, it is very important to balance production and protection.



The estimated annual values of ecosystem functions and their changes are presented in Table 6. Four functions decreased their values during the study period, although it is inferior: Gas regulation (minus US $ 0.01 million), biological control (minus US $ 0.14 million), food production (minus US $ 0.07 million) and genetic resource (minus US $ 0.06 million) contributing most to the overall increase (minus US $ 0.01 million). All the other functions increased their values, with disturbance regulation (plus US $ 1.57 million), water supply (plus US $1.37 million), nutrient cycling (plus US $1.28 million), and waste treatment (plus US $1.05 million) contributing most to the overall decrease (plus US $7.16 million).



When the overall ecosystem functions in Table 6 are grouped under provisioning, supporting, regulating, and cultural services and the changes analyzed, all ecosystem services increased, but the most highly increased ecosystem service was regulating services. It can be understood from this finding that the dynamics of land-use over spatial and temporal scales can have a significant impact on the overall ESV at the landscape scale in general and on the forest, wetland, shrubland, and grassland cover types in particular.



The ESV of each area in 2003, 2008, and 2013 and the rate of ESV change are shown in Figure 8. The increase rate of ESV in EAF and NAF areas was larger (EAS: 185%, NAF: 76%), the change rate of ESV in other areas was not large, all maintained between −20% to 20%. It shows that during the study period, the land-use change in EAF and NAF areas tends to develop in the direction of better ecological environment. Among them, the ESV in the EAF, SEAS, and SAS regions increased greatly (EAF: 4.08, SEAS: 2.51, SAS: 1.41), while the ESV in the WAS and EAS regions decreased the most (EAS: −1.71, WAS: −0.85). Among them, the increase of the forest and shrubland in the EAF led to increase in ESV; the increase in the area of forest and wetland in the SEAS area led to an increase in ESV; the increase in the wetland in the SAS caused an increase in ESV. The decrease of ESV in the WAS and EAS area was mainly due to the decrease in shrubland. Through the ESV changes and land-use changes in each state, it can be found that the ESV changes in each state are greatly affected by the changes in forest, shrubland, and wetland. The forest and shrubland mainly changes in the area, although the wetland area changes a little, were the wetland higher ecological service value and greater impact on overall ecological value service. During the whole research period, food production and biological control did not increase with the increase of cultivated land, but at the same time, the decrease of grassland also restricted the increase of food production and biological control.





4. Discussions


4.1. Land-Use Change Analysis


During the period 2003–2013, the changes in land-use types in the study area were influenced by many factors. Though each factor has certain effects on land-use, these effects do not occur independently but are constrained by many other factors, including population change, urbanization level, and economic growth [59]. Especially in developing countries, population growth and economic expansion have been key factors influencing land-use changes. Land-use pattern and land-use change are the key to the sustainable development of developing countries, and the research area covers 50 countries, most of which are developing countries. Therefore, reasonable land-use change has a positive meaning for developing countries to achieve rapid economic and social development. However, urbanization, rural transformation, and the development of modern agriculture all over the world lead to population growth and economic expansion, and constantly affect land-use change [12,60].



A considerable increases of forest land was observed across the study period. This is in line with the increasing trend of forest resources worldwide. This has been evidenced by many studies [61,62]. The increase in forest area is due to the fact that more and more countries began to conduct forest inventory between 2003 and 2013 [63], including many country in the Belt and Road, which is also related to the concern of green belt development in the “one belt and one road” area [64]. In the two stages of 2003–2008 and 2008–2013, the forest area shows a trend of increasing first and then decreasing. The change trend between cultivated land area and forest area is opposite, which shows that under the influence of human activities, cultivated land area, and forest area have a mutual conversion relationship.



Among them, the expansion of urban area in 2003–2013 is related to urbanization and population growth. With the acceleration of global urbanization and population expansion, urban industrial development and housing demand as well as crop planting have a significant impact on the change of land-use [65]. Taking China as an example, as the largest developing country in the world, China is currently facing many challenges in land-use. China’s rapid urbanization, rural transformation, and the development of modern agriculture have many problems, including the transformation of productive cropland into real estate development, over intensification of agricultural land, land degradation, abandonment of cropland, the emergence of “hollow villages”, and land fragmentation, which cause soil land-use to change [65,66,67].



Increased population has intensified the effect of human activity, especially with regard to land-use types directly related to human activity, such as forest and cropland [68]. A larger population requires more cropland to grow food. This is especially true of most of the countries in the study area, which are mostly developing countries and require a certain guaranteed amount of cropland. Meanwhile, rapid economic development has led to a transfer of the labor force from rural to urban areas, along with accelerated urbanization, rapid enterprise development, and increased transportation demands. All of this has produced various changes in land types [69]. Accordingly, some countries have introduced relevant land policies. China, for example, has introduced various policies related to cropland and forestry to protect the environment [70], effectively changing the original development trends in land-use changes [10].




4.2. Ecosystem Services


In the study watershed, the total ESV showed an increases trend in the last 10 years. Particularly, from the correspond LULC dynamic over time, the ESV of forest, wetland, and cropland continuously increased with various proportions. The LULC dynamics were attributed to the improvement of these ESV. Changing shrubland and grassland to cultivated lands were common practice. Thus, the study suggested that the increases in ESVs were mainly connected to the change of shrubland and grassland into forest and cropland. The results showed that land-use change in the study area had a great impact on ecosystem service functions, especially the change of forest area, which has a great impact on the ability of ecosystem to continuously provide more ecosystem services [71]. The increase of forest area in the study area is mainly concentrated in Africa, and African governments are planning to promote reforestation or restoration programs in humid areas, so as to increase the forest area [72]. Most of the increases of ecological value services were related to the increase of wetland and forest. Although the value of ESV has increased in 2013 compared with that in 2003, it showed a downward trend from the development trend of 2008–2013, indicating that the main reason for the decline was also the decrease of forest and grassland area in the past five years, which is similar to the trend of global ESV in 2007 were US $145 trillion/year; however, it dropped to US $125 trillion/year in 2011 [73].



ESV of a forest can be priority in highlands because of limited agricultural fields and flat areas like the northern part of the Turkey. In another view, in the middle Asian regions around Republic of Uzbekistan, grassland is valuable because of animal husbandry. Although the value evaluation model of ecosystem services established by Costanza [31] and Li et al. [33] and others is evaluated uniformly within the scope of the BRI, there is a certain degree of uncertainty and criticism [74,75,76]. With the use of a unified standard for calculation, the inter-annual change trend is the same, which has reference significance for the research area in the next step to rationally plan land-use and enhance the corresponding ESV.





5. Conclusions


We have quantified the changes in land-use and ecosystem services in the main water-resource areas of the BRI. The research shows that in the two stages of 2003–2008 and 2008–2013, forest and cropland increased fastest. Large areas of wetland and shrubland were converted to urban, cropland, and bare land in the main water-resource areas of the BRI; to some extent, this led to the improvement of total ecosystem services in 2003–2013. Although a net increase in ESV of 8.69% (US $7.14 million) was found between 2003 and 2013, total ESV decreased from US $88.62 million to US $82.12 million (−7.3%) as a result of land-use change from 2008 to 2013. This indicates a concerning trend in sustainability of ecosystem services from the study area. This modest overall decline masks significant complexity and dynamics in the value of individual ecosystem services that occurred as some services displayed substantial decreases in value while others rose substantially. According to the results of the study, the managers should take corresponding measures to plan the land-use reasonably so as to make the ESV develop in a good and sustainable direction.



In this study, owing to the wide range and large area of the study area, the ESV generated by the same land-use type may be different among different sub regions, and the resulting ESV should therefore be used with caution. We suggest that future research should use RS images with much higher resolution and localized ESV coefficients. This paper focuses on the study of land-use change and spatial and temporal changes of ESV in the large scale (the BRI areas), as there is a lack of detailed analysis and discussion on the temporal and spatial variation of each sub region. At present, the results are based on the existing data analysis, and there is no further analysis and discussion on the driving factors that cause this change. The next step will be based on the existing data to analyze the driving factors of land-use change, establish a prediction model, and make an accurate prediction of the land-use change and the future ESV change in order to better implement the measures.



We can better understand the changes of land-use types of the BRI according to the analysis of the land-use change in 2003–2013. These changes are partly caused by environmental changes and partly by human activities. Based on these changes, managers can make better land-use management plans and make land-use changes towards the direction of sustainable development of mankind. At the same time, the land-use research in the BRI can provide a good case study, its assessment of land-use change and ESV can be applied to other developing regions of the world or the whole world, and its ESV changes can be evaluated. The research results are more meaningful for those areas with notable changes or unfavorable development direction.
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Figure 1. The main water resources area of “The Belt and Road” (study area). 
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Figure 2. Land-use map of study area in 2003 (a), 2008 (b), and 2013 (c). 
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Figure 3. Distribution maps of land-use types of study area in 2003 (a), 2008 (b), and 2013 (c). 
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Figure 4. The dynamics of land-use from 2003 to 2008 in study area. 
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Figure 5. The dynamics of land-use from 2008 to 2013 in study area. 
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Figure 6. Transfer rate of land-use type from 2003 to 2013. 
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Figure 7. Comprehensive index and change value of land-use degree in study area. 
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Figure 8. The ESV of each area and the rate of ESV change. 
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Table 1. Land-use classification table.






Table 1. Land-use classification table.





	FAO/UNEP LCCS Classification System
	Land-Use Types





	Wetland
	Wetland



	Bare area, consolidated (gravel, rock); Bare area, unconsolidated (sand)
	Bare area



	Ice/Snow
	Ice/snow



	Broadleaf Evergreen Forest, Broadleaf Deciduous Forest, Needleleaf Evergreen Forest, Needleleaf Deciduous Forest, Mixed Forest, Tree Open, Mangrove
	Forest



	Shrub, Sparse vegetation
	Shrubland



	Herbaceous, Herbaceous with Sparse Tree/Shrub
	Grassland



	Water body
	Water body



	Cropland, Paddy field, Cropland/Other Vegetation Mosaic
	Cropland



	Urban
	Urban
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Table 2. Costanza biome equivalents for the land-use categories identified in this study, corresponding ecosystem services value (ESV), and land-use classification index table.






Table 2. Costanza biome equivalents for the land-use categories identified in this study, corresponding ecosystem services value (ESV), and land-use classification index table.





	Land-Use Types
	Classification Types of Land-Use
	Graded Index
	Equivalent Biomes
	Ecosystem Services Coefficient (US $ ha−1 year−1)





	Wetland
	Unused land grade
	1
	Wetland
	14785



	Bare land
	Unused land grade
	1
	Rock
	0



	Ice/snow
	Unused land grade
	1
	Ice
	0



	Forest
	Forest, Grass and Water Land Grade
	2
	Forest
	969



	Shrubland
	Forest, Grass and Water Land Grade
	2
	Forest
	969



	Grassland
	Forest, Grass and Water Land Grade
	2
	Grass/rangelands
	232



	Water body
	Forest, Grass and Water Land Grade
	2
	Lakes/rivers
	8498



	Cropland
	Agricultural Land Level
	3
	Cropland
	92



	Urban
	Urban Settlement Land Level
	4
	Urban
	0
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Table 3. Land-use situation transition matrix in study area from 2003 to 2008 (104 km2).






Table 3. Land-use situation transition matrix in study area from 2003 to 2008 (104 km2).





	Type
	Wetland
	Bare Land
	Ice/Snow
	Forest
	Shrubland
	Grassland
	Water Body
	Cropland
	Urban
	Total





	Wetland
	0.00
	0.00
	0.00
	0.04
	0.00
	0.02
	0.02
	0.05
	0.00
	0.13



	Bare land
	0.12
	291.84
	0.04
	0.19
	0.61
	56.34
	0.60
	0.93
	0.29
	350.96



	Ice/snow
	0.00
	0.05
	1.44
	0.01
	0.00
	1.54
	0.00
	0.00
	0.00
	3.04



	Forest
	0.53
	0.89
	0.13
	249.54
	5.88
	16.99
	2.33
	56.53
	0.48
	333.30



	Shrubland
	0.16
	4.49
	0.00
	47.18
	11.15
	16.93
	0.54
	25.8
	0.43
	106.68



	Grassland
	0.79
	53.48
	0.99
	50.78
	8.70
	247.94
	2.60
	71.13
	0.56
	436.97



	Water body
	0.14
	0.69
	0.03
	2.66
	0.23
	1.14
	11.78
	1.79
	0.14
	18.6



	Cropland
	1.07
	7.79
	0.00
	136.07
	17.82
	96.27
	2.61
	352.96
	3.56
	618.15



	Urban
	0.00
	0.14
	0.00
	1.26
	0.38
	0.53
	0.09
	2.80
	3.99
	9.99



	Total
	2.81
	359.37
	2.63
	487.73
	44.77
	437.70
	20.57
	511.99
	9.45
	1877
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Table 4. Land-use situation transition matrix in study area from 2008 to 2013 (104 km2).






Table 4. Land-use situation transition matrix in study area from 2008 to 2013 (104 km2).





	Type
	Wetland
	Bare land
	Ice/Snow
	Forest
	Shrubland
	Grassland
	Water Body
	Cropland
	Urban
	Total





	Wetland
	1.69
	0.03
	0.01
	0.04
	0.00
	0.55
	0.03
	0.47
	0.00
	2.82



	Bare land
	0.18
	286.2
	0.10
	0.13
	5.10
	62.48
	0.18
	4.80
	0.04
	359.21



	Ice/snow
	0.00
	0.00
	2.40
	0.00
	0.00
	0.22
	0.00
	0.00
	0.00
	2.62



	Forest
	0.64
	0.05
	0.00
	371.42
	4.42
	7.60
	0.70
	101.52
	1.42
	487.77



	Shrubland
	0.02
	0.08
	0.00
	8.33
	19.51
	2.18
	0.05
	14.08
	0.52
	44.77



	Grassland
	0.11
	55.52
	2.11
	12.97
	15.13
	263.47
	0.26
	87.59
	0.37
	437.53



	Water body
	0.15
	0.12
	0.00
	0.50
	0.03
	1.89
	17.21
	1.00
	0.04
	20.94



	Cropland
	0.77
	0.24
	0.00
	36.81
	0.94
	16.67
	0.36
	452.63
	3.39
	511.81



	Urban
	0.00
	0.11
	0.00
	0.13
	0.01
	0.28
	0.02
	1.56
	7.35
	9.46



	Total
	3.56
	342.35
	4.62
	430.33
	45.14
	355.34
	18.81
	663.65
	13.13
	1877
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Table 5. Total ESV estimated for each land-use category and changes from 2003 to 2013 in the study area following Costanza et al. [31] and Li et al. [33] valuation coefficients.






Table 5. Total ESV estimated for each land-use category and changes from 2003 to 2013 in the study area following Costanza et al. [31] and Li et al. [33] valuation coefficients.





	
Land-Use Types

	
ESV (US $ Million)

	
ESV (US $ Million) Change




	
2003

	
2008

	
2013

	
2003–2008

	
2008–2013

	
2003–2013






	
Wetland

	
0.20

	
4.17

	
5.28

	
3.97 (1985%)

	
1.11 (26.62%)

	
5.08 (2540%)




	
Bare land

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Ice/snow

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Forest

	
32.30

	
47.26

	
41.70

	
14.96 (46.32%)

	
−5.56 (−11.76%)

	
9.40 (29.10%)




	
Shrubland

	
10.34

	
4.34

	
4.37

	
−6.00 (−58.03%)

	
0.04 (0.69%)

	
−5.97 (−57.73%)




	
Grassland

	
10.66

	
10.68

	
8.67

	
0.02 (0.19%)

	
−2.01 (18.82%)

	
−1.99 (−18.67%)




	
Water body

	
15.79

	
17.46

	
15.99

	
1.67 (10.58%)

	
−1.47 (−8.42%)

	
0.20 (1.27%)




	
Cropland

	
5.69

	
4.71

	
6.11

	
−0.98 (17.22%)

	
1.40 (29.72%)

	
0.42 (7.38%)




	
Urban

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Total

	
74.98

	
88.62

	
82.12

	
13.64 (18.19%)

	
−6.50 (−7.33%)

	
7.14 (9.52%)
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Table 6. Estimated annual value of ecosystem functions (ESV in US $million per year).






Table 6. Estimated annual value of ecosystem functions (ESV in US $million per year).





	Ecosystem Service
	ESV2003
	ESV2013
	Change





	Gas regulation
	0.31
	0.30
	−0.01



	Climate regulation
	6.20
	6.70
	0.50



	Disturbance regulation
	0.15
	1.72
	1.57



	Water regulation
	10.34
	10.45
	0.11



	Water supply
	4.12
	5.48
	1.36



	Erosion control
	5.49
	5.60
	0.11



	Soil formation
	0.48
	0.51
	0.03



	Nutrient cycling
	15.89
	17.16
	1.27



	Waste treatment
	8.92
	9.97
	1.05



	Biological control
	1.96
	1.82
	−0.14



	Food production
	2.58
	2.50
	−0.08



	Raw material
	0.004
	0.11
	0.11



	Genetic resource
	8.24
	8.18
	−0.06



	Recreation
	6.07
	6.60
	0.53



	Cultural
	0.70
	0.76
	0.06



	Pollution control
	3.43
	3.85
	0.42



	Habitat/refugia
	0.10
	0.41
	0.31



	Sum
	74.98
	82.12
	7.14
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