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Introduction: Transportation corridors, as special economic corridors, have a greater impact on land cover and landscape pattern changes.Methods: Therefore, 10 buffer zones were established at 1 km intervals on both sides of the Longhai Railway as the centerline to trace the impact of the railroad corridor on the land use change and regional landscape pattern change of the cities along the line from 1985 to 2020.Result: The results show that: (1) The land cover changes along the railroad corridor during the 35 years are mainly characterized by the conversion between cropland, grassland, and construction land. Compared with 1985, in 2020, the construction land increased by 161.96%, the grassland area decreased by 11.83%, and the cropland area decreased by 15.83%. (2) The fragmentation of land patches and vegetation coverage is negatively and positively correlated with the buffer zone distance, respectively. In the same year, the comprehensive land-use dynamic degree is smaller as it is further away from the railway. The nighttime light index in the buffer zone is significantly correlated with the land aggregation index and average patch area, and the closer to the railroad, the higher the land aggregation index of construction land. (3) In terms of zoning, the intensity of land cover and landscape pattern changes in the eastern section is higher than that in the western section, with a higher degree of land fragmentation and more agglomeration of construction land, and the transportation corridor has a greater impact on the change of integrated land use motives in this region. The results of the study can provide a scientific basis for optimising the spatial pattern of land and improving the ecological environment in the construction of cross-regional transport corridors.Keywords: spatial-temporal analysis, land cover, landscape pattern, Longhai Railway, transportation corridors
1 INTRODUCTION
Economic globalization and increasing regional cooperation have accelerated the process of urbanization, leading to rapid expansion of urban space (Bezpalov et al., 2022). When the rate of urban spatial expansion is higher than the rate of population growth, it will lead to a large amount of high-quality land resources being wasted, which will threaten the ecological security and sustainable development of the region (Grimm et al., 2008). Transportation corridors, as axes of regional development, have greatly promoted the coordinated development of cities along them. However, in the process of construction, operation, and maintenance, transportation corridors change the original land use and may lead to the degradation of regional ecosystems (Yang et al., 2023). The longer the transportation corridor route, the more complex the ecosystem it may affect (Changsheng, 2020). From the perspective of “globalization” and “localization”, the construction of transportation corridors will cause problems of land use homogeneity and heterogeneity (Xiao et al., 2024). According to the theory of “patch-corridor-matrix” (Forman, 1995), transportation corridors cut through the original landscape substrate and form new patches, changing the connectivity and edge effect between patches. This affects the fragmentation, diversity and complexity of the landscape, ultimately leading to changes in landscape patterns (Zhao and Peng, 2012; Yang et al., 2024).
The impacts of transportation corridors on regional land use changes and landscape patterns have been mainly studied in terms of spatial and temporal characteristics, simulation prediction mechanisms, driving factors, and impact effects (Forman, 2000; Sarfraz et al., 2023; Kanchan et al., 2024; Zhao et al., 2024). At present, urgent quantitative studies is needed on the issue about the impacts of regional cross-border railway corridors on land use, landscape changes, and ecological environment. Understanding the impact of transportation corridors on ecological quality, land use/land cover (LULC) is crucial for regional sustainable development (Kanchan et al., 2024; Sun et al., 2024). In addition, the evaluation of land use changes at different distances from railway lines has begun to receive attention from academia (Wang et al., 2021; Yang et al., 2022; Navalkar et al., 2023). In China, the railway has played a critical role in the rapid socio-economic development (Cui et al., 2021). In the context of the Belt and Road Initiative (Huang, 2016) and the “Two Horizontal and Three Vertical Urbanization Belt” development strategy (“https://www.gov.cn/gongbao/content/2014/content_2644805.htm” \o “https://www.gov.cn/gongbao/content/2014/content_2644805.htm” https://www.gov.cn/gongbao/content/2014/content_2644805.htm), the railway network of China is developing rapidly. There are more and more cross-regional railway transportation corridors, and one of the railroad lines worth noting is the Longhai Railway.
The Longhai Railway starts from Lanzhou City in Gansu Province of China in the west to Lianyungang City in Jiangsu Province in the east, linking the three major geographical regions of Northwest China, Central China, and East China. As an important part of the “Belt and Road” strategy and the “Two Horizontal and Three Vertical Urbanization Belt” strategy, the Longhai Railway plays a pivotal role in economic and transportation development. Therefore, it has attracted the attention and research of many scholars. Recently, researchers have studied the human-land relationship issues in cities along the Longhai Railway at the county (Liu et al., 2022), city (Guo and Xie, 2011), and provincial (Zhou et al., 2020) scales. However, there is a gap in research on the long-timescale and different distance effects of changes in land use cover and landscape patterns across the Longhai Railway. Hereby, in the context of regional economic cooperation, we aim to answer the following questions: (1) What are the spatiotemporal characteristics of land use changes along the Longhai Railway line at different regional scales? (2) How to quantify the impact of this transportation corridor on land use change and landscape pattern varying distance from the railway line? This will inform the study of the relationship between regional land use change and geo-economy, as well as the interaction between transportation and ecological corridors.
2 STUDY AREA
The Longhai Railway, built in 1904, runs in an east-west direction and crosses the second and third terraces in China, with different geographic and environmental conditions along the railway line. Both the “Belt and Road” and “Two Horizontal and Three Vertical Urbanization Belt” include the Longhai Railway line (Figure 1A). The altitude difference along this railroad corridor is large, up to 5,703 m (Figure 1B), showing a trend of low in the east and high in the west. There are significant differences in land use types and landscape patterns between the east and west along the railway line. In addition, Sanmenxia is a transitional zone between China’s second and third terraces (Wang et al., 2002). Therefore, under the comprehensive consideration of climate, topography, vegetation and other conditions, the Longhai Railway was also divided into two sections, i.e., the eastern section (Jiangsu-Henan) and the western section (Shaanxi-Gansu) with Sanmenxia in Henan as the boundary, to explore the changes in land use and landscape pattern of the areas along the line over the past 35 years, from both the overall and the sub-district perspectives.
[image: Figure 1]FIGURE 1 | Study area [(A): the “Belt and Road” strategy and the “Two Horizontal and Three Vertical Urbanization Belt” strategy, (B) Topography along Longhai Railway].
3 DATA AND METHODS
3.1 Data
Land use classification data were obtained from http://globeland30.org/home.html?type=data, with a spatial resolution of 30 m × 30 m. Regarding the National Land Use Classification System, the area around the route was classified into six first-level land classes: cropland, forest, grass, wetland, construction land, and unused land (Table 1). DEM data were downloaded from the Geospatial Data Cloud (https://www.gscloud.cn) with ASTERGDEM datasets (30 m × 30 m). Fractional vegetation cover (FVC), an important basic data for describing ecosystems, was obtained using Google Earth Engine (GEE) with Landsat satellite dataset (30 m × 30 m, Level 2, Collection 2, Tier 1) during 1986–2020. The site conditions in the study area were synthesized and the vegetation coverage was classified into five categories: higher (FVC ≥0.7), high (0.5≤ FVC <0.7), medium (0.3≤ FVC <0.5), low (0.1 ≤ FVC <0.3), and lower (0.1 < FVC).
TABLE 1 | Land use classification system.
[image: Table 1]Previous studies have introduced the urban lighting index into landscape ecology research to explore the characteristics of spatial pattern changes in urban development (Shen et al., 2023; Xie et al., 2023). The DMSP-OLS image and NPP-VIIRS image are mainly used for nighttime lighting data (Li et al., 2023). Firstly, the relative invariant target area method is used to carry out relative correction on the DMSP-OLS images of the Longhai Railway from 1992 to 2013, and the saturation correction and continuity correction are combined with the reference images after radiometric calibration, to obtain the DMSP-OLS continuity image dataset of various districts along the Longhai Railway from 1997 to 2013. The NPP-VIIRS images are corrected by noise processing and logarithmic transformation, and the NPP-VIIRS continuity image dataset is obtained for each district along the Longhai Railway from 2000 to 2020. In addition, due to the inconsistency of DMSP-OLS data acquired by different sensors for the same year, the author referred to existing methods to correct some images for inter-correction and continuity after saturation correction, see Equations 1, 2 (Zhang et al., 2020).
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where [image: image] is the DN (Digital Number) value of image element j in the image of year i after correction, and [image: image] and [image: image] denotes the DN value of image element j in the image acquired by two different sensors before correction. In this paper, the DN value takes the range of 0–63, the background value is 0, and the resolution is 1 km.
[image: image]
3.2 Methods
3.2.1 Flow chart of the methodology
According to the current status of land use along the Longhai Railway, we established a buffer zone extending 10 km to both sides with the railroad as the centerline, and the interval between buffer zones was 1 km. By superimposing the buffer zones and land use data, the land use changes and landscape changes along the railroad line of the Longhai Railway were analyzed in a geo-economic context (Figure 2).
[image: Figure 2]FIGURE 2 | Flow chart of the methodology.
3.2.2 Transfer matrix
The inter-transition situation between land use types is mainly realized by using the land transfer matrix (Alves et al., 2022). The land use transfer matrix comes from the quantitative description of the system state and state transfer in system analysis. In the usual land-use transfer matrix, the rows represent the land use types at the time point of [image: image], and the columns represent the land use types at the time point of [image: image]. [image: image] denotes the percentage of the area of land type [image: image] converted to land type [image: image] in the period of [image: image]-[image: image] in the total area of the land. [image: image] denotes the total area of the land type [image: image] in the time point of [image: image]. [image: image] represents the percentage of the total area of land use type [image: image] at [image: image]. [image: image]*-[image: image] is the percentage decrease in the area of land type [image: image] between [image: image] and [image: image]. [image: image]-[image: image] is the percentage increase in the area of land type [image: image] between [image: image] and [image: image] (Table 2).
TABLE 2 | Land use transfer matrix.
[image: Table 2]3.2.3 The dynamic degree of land use
Land use dynamics (Xiao et al., 2022) refers to the quantitative changes in land use types in a certain period, mainly reflecting the intensity of land use changes and regional differences in the rate of change, mainly divided into a single land use dynamics (Mustafa et al., 2021) and integrated land use dynamics (Chen et al., 2023), the formula is as Equations 3, 4:
[image: image]
Where [image: image] is the attitude of a land use type during the study period, [image: image] is the area of a land use type at the beginning of the study, [image: image] is the area of the land use type at the end of the study, and [image: image] is the time length of the study.
[image: image]
Where [image: image] is the integrated dynamic attitude of land use in the study area, [image: image] is the area of the ith class of land use type at the starting time of the study, [image: image] is the absolute value of the area of the conversion of the [image: image] th class of land into the [image: image] th class of land use type at the time of the study, and [image: image] is the time of the study.
3.2.4 Land use and landscape pattern analysis
Landscape pattern analysis (Costanza et al., 2019) is the main method for evaluating landscape structure, composition, and spatial patterns. It condenses the landscape information and reflects the characteristics of the landscape. Among the landscape-level indicators are the landscape aggregation index (LAI), the largest patch index (LPI), and the Shannon’s diversity index (SHDI). The indicators at the patch level are three indicators: patch aggregation index (PAI), mean patch size (AREA_MN), and patch density (PD). The data of these indicators were calculated (Table 3) by the software Fragstats 4.2 (McGarigal and Marks, 1995).
TABLE 3 | Indices and definitions of landscape patterns.
[image: Table 3]3.2.5 Nighttime lighting statistics in the buffer zone
Currently, night-light remote sensing images are widely used for monitoring land cover (Zhang et al., 2024), estimation of socio-economic parameters (Li et al., 2016; Zheng et al., 2023), regional development studies (Lu et al., 2022), urbanization monitoring (Li et al., 2022) and many other research areas, which can objectively respond to socio-economic trends and facilitate the use of large spatial scales. For this reason, this paper selects the nighttime light data of the 10 km buffer zone from 2000 to 2020 for statistical research to verify and invert the role of the Longhai Railway on regional urban development. The total amount of night light [image: image] and the growth rate [image: image] are respectively in Equations 5, 6:
[image: image]
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where [image: image] is the DN value of the [image: image] th image element.
4 RESULTS
4.1 Spatial and temporal characteristics of land use changes along the Longhai Railway
Five important node cities (Lanzhou, Xi’an, Zhengzhou, Xuzhou and Lianyungang) along the Longhai Railway, were selected to analyse the impact of the railway on their land-use changes (Figure 3). It was found that compared with 1985, the area of construction land in 2020 increased significantly in all five cities, especially in Zhengzhou and Xi’an, where construction land encroached on large areas of cropland. There are significant changes in land use types across the Longhai Railway, which are dominated by changes in construction land and cropland (Figure 4). Construction land increased from 2,475.67 km2 (1985) to 6,485.33 km2 (2020), an increase of 161.96%. Similarly, the area of cropland decreased from 23,820.52 km2 to 20,049.03 km2, a decrease of 15.83%. Forest area increased by 9.39% from 2,535.79 km2 to 2,773.84 km2. Grassland area decreased from 4,179.61 km2 to 3,685.13 km2, a decrease of about 11.83%.
[image: Figure 3]FIGURE 3 | Expansion of crop and construction land along the Longhai Railway from 1985 to 2020 [(A) Lanzhou, (B) Xi’an, (C) Zhengzhou, (D) Xuzhou, (E) Lianyungang].
[image: Figure 4]FIGURE 4 | Sankey map of land cover changes across the Longhai Railway from 1985 to 2020.
Overall, the area of construction land expansion increases year by year from west to east. In terms of buffer distance, the rate of change of land use types is inversely proportional to the buffer distance, indicating that the Longhai Railway has an important influence on the local land use pattern. Over the past 35 years, the rate of change of land use in the entire area of the Longhai Railway has shown an overall trend of slowing down and then speeding up, and the rate of conversion of various types of land use types has accelerated after 1990, especially between 1990 and 1995, when the expansion of construction land was the most prominent, and a large amount of cropland was converted into construction land. Especially in 1990–1995, when the expansion of construction land was the most prominent, and a large amount of cropland was converted into construction land (Figure 4).
In terms of the eastern and western sections, the construction land in the eastern section (Jiangsu-Henan) increased from 1,930.51 km2 in 1985 to 4,741.33 km2 in 2020, a year-on-year increase of 145.60%. Cropland decreased from 14,820.93 km2 in 1985 to 12,136.05 km2 in 2020, shrinking by 18.81% (Figure 5). On the other hand, the construction land in the western section (Shaanxi-Gansu) increases from 545.18 km2 to 1,744.08 km2, a year-on-year increase of 219.91%. The cropland area has decreased by 12.07% from 9,000.167 km2 in 1985 (Figure 6).
[image: Figure 5]FIGURE 5 | Sankey map of land cover changes in the eastern section (Jiangsu-Henan) of the Longhai Railway from 1985 to 2020.
[image: Figure 6]FIGURE 6 | Sankey map of land cover changes in the western section (Shaanxi - Gansu) of the Longhai Railway from 1985 to 2020.
Compared with the eastern section, the expansion of construction land in the western section was relatively slow. Specifically, there was no change in the construction land in the western section from 1990 to 2000, and it was not until the period of 2000–2015 that there was a relatively large change in the type of land use, which was mainly manifested in the conversion of cropland and grassland, with a slight increase in the construction land. Due to the ecological fragility of the western part of China and the reclamation of land for economic development in the early period, a large area of grassland was converted into cropland in 1990–1995 (Figure 6). However, after 2000, with the national emphasis on the ecological environment, the cropland was gradually converted into grassland and forest land. As for the eastern section, due to its flat terrain and good water-heat combination, the conversion of all kinds of land-use types accelerated from 1990 onwards, mainly the conversion of cropland and construction land. As can be seen from Figure 5, a large amount of cropland was converted to construction land, with the most conversions between 1995 and 2015. In addition, the study found that areas closer to the Longhai Railway (e.g., within the 2 km buffer zone) had the fastest land conversion.
4.2 Comparison of land use dynamics between the buffer zones of the Longhai Railway
The dynamics of land use change along the Longhai Railway at different buffer distances (i.e., the 1st–10th buffer zone, represents distances of 1–10 km from the railway line, respectively) from 1985 to 2020 was analyzed using two types of indicators: the degree of synthesis and single land use. The integrated land use dynamic degree of the whole area shows an M-shaped trend with the increase of buffer distance (Figure 7). There is a main peak between the 1st and 3rd buffers and a secondary peak between the 4th and 6th buffers.
[image: Figure 7]FIGURE 7 | Integrated land-use mobility and mobility index for the buffer zone of the Longhai Railway, eastern section (Jiangsu-Henan) and western section (Shanxi-Gansu).
For the degree of single dynamics (Figure 8), both the eastern and western sections showed a decreasing trend year by year from 1985 to 2005. However, after 2005, the area of grassland increased at a faster rate in each buffer zone, and the single land dynamics of grassland showed a “W” shape in time and buffer zone. During the same period, the single land dynamics of construction land showed an “M” trend in both time and buffer, with a peak in 1990 and 2010 respectively, mainly in the buffer (between the 2nd and 4th buffers). Worth noting is that for cropland, within 1 km buffer zone, peak and valley values were observed in 1985 and 2005, respectively. However, overall, regardless of the distance of the buffer zone from the railway line, the degree of single land use dynamics for cultivated land remained relatively small. In the 10 km buffer zone in 1985, a positive peak value was evident, while for the rest of the time, it remained negative. This indicates a continuous decrease in cropland along the Longhai Railway since 1985. As for grassland, we found that from 2000 to 2010, regardless of changes in buffer zone distance, its single dynamic attitude consistently showed positive values. The single dynamic attitude of construction land was also positive. This suggests that over the past 35 years, the area of construction land has continued to increase. From the east and west sections, the land use dynamics of grassland and construction land in the east section has similarities with the overall change characteristics of the west section.
[image: Figure 8]FIGURE 8 | Dynamic attitude and dynamic attitude index for single land use in the buffer zone of the entire Longhai Railway, the eastern and western sections.
At the same time, two land use dynamics indices, integrated and single, were utilized to measure the degree of land use dynamics at different buffer distances over 35 years. From the composite index, the land-use dynamics of the Longhai Railway showed an M-shaped characteristic in time, with two peaks around 1990 and 2005, respectively, and a high rate of land-use change (Figure 8). That is, it gradually increased from 23.7% in 1985 to 57.09% in 1990, then decreased to 49.8% in 1995, and rapidly increased to 75.17% in 2005. Combined with the single index, the changes in cropland and construction land have a higher contribution in these two phases, indicating that factors such as economic development and accelerated rate of urbanization exacerbated the degree of land use change in this phase. In the area farther away from the Longhai Railway, another peak appeared near 1985, and in combination with the single index, the change of grassland and construction land was the main factor influencing the attitude of land use change dynamics in this stage. In terms of buffer distance, the overall dynamic index is relatively low in areas farther away from the Longhai Railway, considering that the Longhai Railway passes through large cities such as Xi’an and Zhengzhou, indicating that the dynamic attitude of land use in urban areas is generally higher than that in peri-urban areas.
Specifically, the dynamic attitude of the western section did not change in the 2 km buffer zone from 1985 to 2000, while the change was more obvious between the 9th and 10th buffers. Starting from 2000, the rate of land change in the second buffer zone was higher, forming a peak in 2005. Combined with the single index, the contribution of cropland was higher in this period, indicating that the change in cropland was an important factor affecting this section. The dynamic attitude of the eastern section is in the shape of “M”, which is similar to the dynamic attitude of the Longhai Railway as a whole, indicating that the conflict between cropland and construction land caused by the intensification of urbanization is the main feature of this region. From the value of the dynamic attitude, the land use dynamic attitude of the eastern section is higher, indicating that the rate of change of land use types in the eastern region is higher, which is also consistent with the conclusion of the overall characteristics and spatial-temporal dynamics of the land use change along the Longhai Railway.
In terms of the single dynamic index, grassland as a whole has a “W” shape, while cropland and construction land have a roughly “M” shape. The construction land has the highest mobility index. In the west section of the Longhai Railway, the disturbance of the construction land to the cropland is low, while the disturbance of the construction land to the cropland in the east section is high. Combined with Figure 5, the construction land in eastern section mainly comes from the cropland, which indicates that the urbanization construction encroaching on the cropland is more serious. The phenomenon of grassland and cropland inter-transfer is more prominent in the western section, indicating that the conflict between environmental protection and cropland development is the theme of the region at different times.
4.3 Characteristics of vegetation coverage changes within different buffer distances along railway lines
The analysis of the current state of the natural ecological environment within a 10 km buffer zone along the Longhai Railway, based on vegetation coverage parameters, reveals that overall vegetation coverage values have been relatively high from 1986 to 2020. Within the 10 buffer zones (each established at 1 km intervals), the areas covered by low-density and moderately low-density vegetation accounted for 47.85%, 22.56%, 39.38%, 27.40%, 23.60%, 25.74%, 23.01%, and 24.56% from 1986 to 2020, respectively. Starting from the year 2000, the area covered by high-density vegetation has shown an increasing trend. Regarding buffer distance, the area covered by high-density vegetation generally increases with greater buffer distance (Figure 9), while the area covered by low-density vegetation tends to be inversely proportional to buffer distance. Within the same year, between the first and seventh buffer zones, the area covered by low-density and moderately low-density FVC decreases rapidly with increasing buffer distance. Between the 7th and 8th buffer zones, the area covered by these two FVC types shows an upward trend in some years and remains relatively stable in others. Subsequently, with further increases in buffer distance, the area covered by both types of FVC gradually decreases (Figure 10).
[image: Figure 9]FIGURE 9 | Grading of vegetation cover within different buffer zone distances.
[image: Figure 10]FIGURE 10 | Low-density and lower-density FVCs vary with buffer distance.
4.4 Changes in landscape patterns in different buffer zones along the Longhai Railway
4.4.1 The impact of railway lines on patch scale index
In this study, the landscape pattern was characterized in terms of patch aggregation index (PAI), average area (AREA-MN), and patch density (PD) at the patch scale. During 1985–2020, the PAI index for each land use type showed an increasing trend, indicating that the effectiveness of land planning was relatively significant and more intensive land use (Figure 11). In terms of distance, the farther away from the Longhai Railway, the higher the PAI index of other land use types except for construction land, indicating a higher degree of agglomeration, while construction land is relatively fragmented, especially in the suburban areas, which show a fragmented distribution. Among the five land use types, cropland has the highest PAI, indicating a high degree of aggregation. Within the 1st–10th buffer zone, the PAI index is smoother, but generally shows an upward trend. From 1985 to 2020, the PAI of cropland within the 1st–2nd buffer zone decreased significantly. The PAI values within each buffer zone were higher than in other years during the same period. PAI values for construction land show an overall decreasing trend as the buffer area increases. There was an increasing trend within each buffer zone area over time. PAI values for forest land showed an overall fluctuating upward trend within the 1–10 km buffer zone. Within the 4th–6th buffer zone, there was a trough. The PAI of wetland showed a fluctuating and increasing trend internally with a slight decreasing trend within the 7th–10th buffer zone. The PAI values for grasslands showed little change overall, with a small peak at the 1st–2nd buffer zone, after which a slow decline began.
[image: Figure 11]FIGURE 11 | The changing trend of PAI of buffer zones with different land use types on the Longhai Railway.
In terms of the AREA_MN (Figure 12), the changes in cropland, wetland, and construction land are more significantly characterized. With the change of time, the AREA_MN index of construction land showed a significant upward trend, while the relative AREA_MN index of cropland and wetland showed a more obvious downward trend, indicating that the conflict between construction land and cropland and wetland has been increasing. From the perspective of buffer distance, with the increasing distance of the buffer zone, the AREA_MN index of construction land gradually decreases, and the AREA_MN index of suburban areas farther away from the Longhai Railway is significantly lower, indicating that the construction of the railroad trunk line has a significant impact on the expansion of construction land.
[image: Figure 12]FIGURE 12 | Trends in the average area of buffer zones (AREA_MN) for different land use types along the Loonghai Railway.
In terms of PD (Figure 13), the value of construction land is the highest, and the overall PD value is relatively smooth, with the highest place occurring within the 2 km buffer zone, indicating that the density of construction land in this zone is higher and urban construction is faster. The PD value of the wetland area is the lowest and the density is the smallest. The PD value of cropland shows an increase first and then forms a small wave peak at 2nd buffer zone as the buffer distance decreases. Woodland and grassland areas were similar, with little inter-annual variation within each buffer.
[image: Figure 13]FIGURE 13 | Change trend of patch density (PD) in buffer zones of different land use types on the Longhai Railway.
4.4.2 The impact of railway lines on landscape level indices
At the landscape level, the landscape pattern along the Longhai Railway and within different buffer zones was analyzed as a whole using the Shannon Diversity Index (SHDI), the landscape aggregation index (LAI), and the largest patch index (LPI) (Figure 14). The overall LAI index in the study area was relatively smooth, showing an increasing pattern within the 2 km buffer zone, where land was more concentrated. During 1985 and 2020, the SHDI index showed an overall increasing trend with slight fluctuations as the buffer zone distance increased, indicating that each patch type was balanced and distributed in the landscape. Specifically, it gradually increased at the 1st–3rd buffer zone, then gradually decreased, and then gradually increased again at the 7th buffer zone, forming a peak at the 3rd buffer zone and a trough at the 7th buffer zone, respectively. In the time series, the LPI index fluctuated greatly in 1985 and 1990, and the LPI initially decreased in the 1st–2nd buffer zone, indicating that with the increase of the distance from the railroad line, the maximum patch area was smaller and more strongly disturbed by human beings, and then it slowly increased during 2nd–6th buffer zone, and then the LPI fluctuated strongly between the 6th–10th zone. After 1990, the overall fluctuation of the LPI index was smaller, but during the 1st–2nd buffer zone, the LPI was always in a decreasing trend, indicating that the closer to the railroad, the higher the degree of fragmentation of the patches.
[image: Figure 14]FIGURE 14 | Trends of different landscape indices [(A): Landscape aggregation index, i.e., LAI, (B): SHDI, (C): LPI] of the Longhai Railway.
4.4.3 Night light images
Changes in the intensity of the light index reflect the development of regional urbanization. The contrast between bright and dark areas on the lighting image can be a powerful tool for studying human activities and their impacts. By comparing and analyzing the intensity of nighttime lights in each district along the railroad from 2000 to 2020 (Figures 15, 16) with the land cover changes in each district during the same period (Figure 17). It is found that relatively developed cities such as Zhengzhou, Xi’an, and Xuzhou have a larger increase in lighting area and rapid economic development in the last 20 years. While small cities along the line have a certain degree of economic growth, the lighting growth is smaller, indicating that these cities are relatively slow to develop. The farther away from the railroad line, the smaller the intensity of the lights. Moreover, the areas along the line where cropland, forest land and grassland are distributed are sparsely populated, and the lighting index has remained almost unchanged over the years.
[image: Figure 15]FIGURE 15 | Nightlight intensity from 2000 to 2020.
[image: Figure 16]FIGURE 16 | Comparison of digit number value of nighttime light index between 2000 and 2020.
[image: Figure 17]FIGURE 17 | Land cover distribution from 2000 to 2020.
In addition, the light index within the buffer zone is highly correlated with the LAI and AREA_MN (Table 4), indicating that the light area along the route continues to expand and become more concentrated over time. The light index is significantly negatively correlated with the LAI and AREA_MN of three types of land use (cropland, forest land, and wetland), and significantly positively correlated with building land. Therefore, it further proves that the Longhai Railway has an important impact on the changes in the land landscape pattern along the line.
TABLE 4 | Correlation analysis of lighting index with aggregation index and mean patch area in the 10 km buffer zone of Longhai Railway, 2000–2020 (“**” denotes p< 0.01, “*” denotes p< 0.05).
[image: Table 4]5 DISCUSSION
5.1 The impact of linear transportation corridors on land use and coverage
Road construction will have a certain impact on the ecology, environment, and landscape pattern along the route. What is the impact range of linear transportation corridors on the ecological landscape pattern on both sides? This is a question worth studying. A study has found that the construction of highways leads to a decrease in landscape integrity, and the ecological landscape tends to become more complex and fragmented (Zhang et al., 2023a). Landscape diversity is greatly influenced by transportation routes and can be used to indicate the fragmentation, connectivity, and isolation of route buffer zones (Su et al., 2014). Existing research has shown that the impact of transportation on land cover change decreases linearly with distance (Röder et al., 2015; Vilela et al., 2020). However, the degree of comprehensive land use dynamics along the Longhai Railway line in the buffer zone shows an “M” type change. Similarly, the comprehensive dynamic degree of land use along the China-Laos railway from 2017 to 2022 shows two peaks within the buffer zones of 2–4 km and 8–10 km (Xiao et al., 2024). A positive dynamic degree indicates an increasing trend in the quantity of land use types, and vice versa. The comprehensive land use dynamics within a 2 km buffer zone along the Longhai Railway reached its peak at two-time points in 1990 and 2005. However, in other buffer zone locations, the comprehensive land use dynamics are showing an increasing trend year by year. Looking at the segments, there are two peaks in the eastern section within the 1–4 km buffer zone from 1990 to 2010. The spatiotemporal variation pattern of comprehensive land use dynamics in the western section is relatively complex. Research has shown that the further away from the Kunming Bangkok Expressway, the smaller the overall change in land use, and after the expressway is opened, its impact range will exceed 10 km (Zheng et al., 2021). However, for the same year, the comprehensive land use dynamic degree of the entire Longhai Railway line is smaller as it is further away from the railway line. This indicates that since the opening of the Longhai Railway, the impact of the railway on land use cover changes has decreased beyond 10 km along the railway line.
In addition, national policies have an important impact on regional ecological environment changes, such as the ecological protection red line situation in China’s ecological environment has been greatly improved. In 2005, China attaches great importance to ecological environmental protection, “Two Mountains” concept proposed the establishment of nature reserves, ecological civilisation construction bases, and other measures to strongly promote China’s ecological environment change. Sustainable land management benefits from this “Two Mountains” theory (Huang et al., 2024). From the point of view of land use along the Longhai Railway line, in 2005, there was a peak in the attitude of comprehensive land use motivation and single land use motivation, which indicates that the grassland changes are the most drastic at this time, and the policy has a significant impact on the ecological environment.
During the railway construction period, with the increase of buffer zone distance, the dynamic change of single land use was relatively stable (Xu et al., 2022). Since the Longhai Railway line was opened to traffic in 1953, it was not possible to analyze the ecological environment before its construction, and only the situation since 1985 was analyzed. From the results, the dynamic change of single land use for cultivated land area along the Longhai Railway line peaked positively at the 10th buffer zone location in 1985, while other years and buffer zone distances showed negative values and did not exhibit stable characteristics. Within the 10 km buffer zone along the Longhai Railway, the construction land has been continuously increasing, which also verifies the previous characteristics of land use type conversion, namely, grassland and cropland area were mainly converted into construction land. The main areas of increase and decrease were located in the first to second buffer zones, indicating that the operation of the railway has facilitated the conversion of land use patterns along the line. Within the range of 2–10 km from the Longhai Railway line, the construction land and grassland exhibited opposite trends in their single dynamic changes between 1985 and 2020. Specifically, the single land use dynamic change of construction land generally declined with the increase of buffer distance during 1990–2000.
According to the index of single land use dynamic degree, the absolute values of the land use change intensity index for various land use types have shown an increasing trend, indicating that factors such as accelerated economic development and urbanization have intensified the degree of land use change during this period. Overall, from 1985 to 2020, the main types of land use change were cropland and construction land, both experiencing significant changes. The area of cropland showed a decreasing trend overall, while the area of construction land increased. Additionally, between 2000 and 2010, the single dynamic degree of grassland increased, resulting in an increase in area, which may be related to environmental improvements in western China. The results of the single dynamic degree change of grassland in the Shaanxi-Gansu section also support this conclusion.
5.2 The impact of linear transportation corridors on the ecological environment
The distribution of vegetation coverage along the Lhasa-Linzhi railway indicates that the vegetation coverage increases as the distance from the railway line increases (Zhang et al., 2023b). Through analyzing the relationship between vegetation coverage changes and buffer zone distances over the past 35 years, we also found a pattern that the closer to the railway, the worse the vegetation coverage. Research on ecological changes along the Qinghai-Tibet Railway corridor has shown that the overall ecological environment quality relatively declined from 1986 to 1994, while it exhibited a stable recovery trend from 2013 to 2020 (Zou et al., 2024). In this study, regarding temporal changes, since the 1980s, the vegetation coverage along the Longhai Railway has generally been high, with a fluctuating decrease in the area of low-density and lower-density FVC. Between 1986 and 1995, the average proportion of low-density and lower-density FVC areas was above 30%. However, after 2000, the proportion of these two density levels fell below 30%, and the area of higher-density vegetation coverage increased significantly. This may be due to the effective promotion of the ecological restoration and protection project from 2000 to 2002, which improved FVC from low, medium, and high coverage levels to extremely high coverage levels (Cai et al., 2022).
The degree of land patch fragmentation along the China-Laos railway line is inversely proportional to the distance from the buffer zone (Xiao et al., 2024). Similarly, as the buffer zone distance increases, the degree of landscape fragmentation along the Longhai Railway decreases, and the rate of change in the landscape pattern gradually slows down. Through the study of the transportation corridor in Yunnan, China, it was found that although the overall landscape pattern is stable, there are still dynamic changes in the landscape composition and horizontal distribution of patch types (Liang et al., 2014). In terms of buffer distance, the AREA_MN index of construction land gradually decreases as the distance from the Longhai Railway line increases. Especially in suburban areas far from the Longhai Railway line, the AREA_MN index is significantly lower. This indicates that the construction of the railway trunk line has a significant impact on the expansion of construction land. Research analysis shows that the impact of the railway construction from Golmud to Lhasa on vegetation richness is limited to a 5 km range (Wang et al., 2015). In addition, the AREA_MN index of grassland does not change much in time and space, indicating that the Longhai Railway line focuses on ecological environment protection. These findings can enhance the prediction and assessment of vegetation cover dynamics within a certain distance along transportation corridors, as well as the implementation and management of afforestation projects.
6 CONCLUSION
Currently, with the rapid development of transportation, there is an urgent need to quantitatively study the scope, degree, and pattern of the impact of cross-regional transportation corridors on land use and landscape change. In this paper, 10 buffer zones at 1-km intervals were established on the Longhai Railway. Based on the land use change data, satellite data, and nighttime lighting data, using geographic information technology and landscape ecology methods, the conversion trend (1985–2020) of land cover types, spatial distribution patterns, and evolutionary characteristics of landscape patterns at different distances from the railway line were revealed. The main conclusions were as follows.
(1) Between 1985 and 2020, the area of cropland and grassland in the buffer zone continued to shrink, mainly converted into construction land. Compared to 1985, construction land showed an increase of 161.96%. However, the cropland and grassland areas decreased by 15.83% and 11.83% respectively. In terms of the eastern and western sections, the construction land in the eastern section increased from 1,930.51 km2 (1985) to 4,741.33 km2 (2020), an increase of 145.60%. The construction land in the western section increases from 545.18 km2 to 1,744.08 km2, an increase of 219.91%. This indicates that with the continuous operation of the Longhai Railway Line, the expansion rate of construction land in the western section is faster, which is of great significance for shortening regional differences.
(2) The construction and operation of interregional transport corridors often have a greater impact on the ecological environment. The results of the study show that the closer to the railway line, the more intense is the degree of integrated land use dynamics along the railway in the buffer zone. In addition, the impact of the railway on land use dynamics had two peaks in the buffer zone, which exacerbated landscape fragmentation while changing the landscape pattern. The fragmentation of land patches and fractional vegetation coverage is negatively and positively correlated with the buffer zone distance, respectively. The degree of fragmentation of construction land patches increases with the distance of railway line.
The combination of land use analysis and landscape ecology methods can better reflect regional development dynamics and ecological environment change characteristics. In later research, models such as the InVEST, PLUS model can be used to predict land use cover, combined with population, climate, and economic data, to more accurately analyze the impact of railways on the surrounding land use and ecological environment in future years, and provide reference for sustainable land and ecological environment management.
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