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Abstract
Scientific cognition and assessment of threats to cultural heritage and surrounding landscapes are prerequisites for targeted management and protection of cultural heritage. This study took 530 city sites in the Central Plains of China as the research object. Based on the survey information of city sites in the third national cultural heritage survey in China, a combination of high resolution google images and land use/land cover data products and city sites survey data enables a comprehensive evaluation of landscape elements impacts on city sites. With spatial statistical method, we divided city site landscape types, and constructed a landscape element risk assessment model and an urbanization intensity index to analyze the threats of each landscape element to city site protection. The results indicated that 40.64% of the sites are in farmland landscapes, where agricultural cultivation, irrigation, and other production activities may affect the surface and subsurface remains of the sites. The sites (16.82%) in urban landscapes are affected by activities such as building houses and roads. Only six sites belong to the water landscape area, which may be affected by water erosion. Other sites (2.84%) are mainly affected by plant root growth in forest landscapes. The city sites distributed in urban areas such as Zhengzhou or the urban–rural junction were significantly affected by urban expansion and got the greatest protection pressure. City sites in agricultural landscapes have the second highest conservation risk. Plant erosion and flooding mainly affected the city sites in the northwest-southwest mountainous areas or near the water area of the study area, and the risks were relatively small. It can be seen that landscape types such as urban and farmland, which are closely related to human activities, bring the most pressure to the protection of city sites, and it is necessary to focus on the impact of human activities such as urban construction on city sites and the surrounding environment in the future, while paying attention to the protection and rational use of city sites with high assessment risk in urban planning and management for the protection of the city site proper and landscape scenery.
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Introduction
According to the World Heritage Convention [1], cultural heritage, such as sites, is the product of the joint action of human beings and nature. It has significant historical, cultural, and aesthetic value, is the common wealth of human beings, and is not renewable. As a product of human civilization, after a long period of development and evolution, there is often an inseparable symbiotic relationship between cultural heritage and the surrounding natural and human environments. Cultural heritage protection implies attention to cultural heritage and its surrounding landscapes [2–5].
Urbanization and changes in the natural surface environment will affect the sites differently. For example, urbanization may change the land use/land cover (LULC) pattern in the site area and directly or indirectly affect the cultural heritage and surrounding landscapes. Urban construction and community population activities easily affect cultural heritage. During the urban development process, many infrastructure construction activities may lead to fragmentation or degradation of cultural heritage landscapes and even gradually annihilate and destroy cultural heritage. These threats will lead to irreversible damage to the site and surrounding landscape [6–9]. Natural factors such as the erosion of water bodies (e.g. rivers and oceans) [10, 11] and plant root growth [12]can also threaten the site and the surrounding landscape. For instance, at sites with a high concentration of woody plants, where plant roots flourish, they may gradually encroach on the subterranean remains. Over time, this could even lead to the collapse of the remains [12].
Scientific recognition and assessment of the threats faced by sites and surrounding environment to take appropriate management and preventive measures [13–15] can be considered an essential part of cultural heritage protection and monitoring. Urban expansion and infrastructure construction have been the most critical factors affecting the site’s landscape in recent decades, and the research on the impact of LULC changes on cultural heritage and its landscape has attracted much attention [15]. For example, Huirong Yu et al. [16] analyzed the threat of LULC variations, such as urban expansion to the cultural heritage landscape. Pham et al. [17] studied the link between cultural heritage landscape patterns and urban sprawl in Vietnam. Scholars have studied the pressure and risk assessment of heritage protection using a certain factor such as flooding or urbanization [6, 8–10, 12, 17]. However, cultural heritage under different LULC types will face different threats and protection pressures, and there is a lack of objective and quantitative research on evaluating the impact of various surface cover elements on sites from the perspective of cultural heritage landscapes. Thus, considering today’s increasingly mature big data technology, it is necessary to apply increasingly rich and accurate surface cover data to heritage landscape protection. A model should be established to verify the impact of landscape elements on heritage protection by combining the previous results on the impact of single factors on heritage and its risk assessment. It will help to perform the heritage landscape protection planning in a targeted manner.
As one of the birthplaces of ancient Chinese civilization, the Central Plains region, with Henan Province as the core, has a long history. It was employed as the Chinese nation’s political, economic, and cultural center. The Chinese government performed the third national cultural heritage survey in 2007 [18]. According to the survey data, the number of immovable cultural relics in Henan Province exceeded 65519, accounting for nearly 1/10 of the national total, ranking second in the country. It has 14607 ancient sites, including 16 sub-categories such as city and settlement sites. The 530 city sites in the ancient sites mainly include ancient large-scale ruins surrounded by city walls and moats, which are physical witnesses of ancient city sites and even capitals in the Central Plains [19]. For example, Zhengzhou Shang City, the capital of the early Shang Dynasty in China, located in the central part of the Central Plains, covers an area of about 25 km2 [20]. The surface of the remnants is an earthen city wall of up to 6 m. Most of the remains are located under the surface of modern cities, and the ruins have faced the pressure of urban construction and cultural heritage protection for a long time [19, 21]. Han-Wei capital city sites is the relic of the capital city left by the Eastern Han, Cao Wei, Western Jin, and Northern Wei Dynasty when their capitals were in Luoyang [22–24]. Most of the relics are located under the surface of farmland and have been affected by agricultural farming activities for a long time [1]. The third national survey of cultural heritage lasted for three years through field investigation, which systematically grasped the types and distribution of immovable cultural relics in different periods in China and recorded the preservation status of cultural heritage. It is well known that large-scale systematic manual field surveys cannot be performed frequently. They will inevitably bring about problems for regional cultural heritage, such as long data update cycle and difficulty in grasping the status quo of cultural relics protection. Remote sensing data can provide a wide range of real-time spatial information, with low cost, high efficiency, and real-time update advantages. It has been widely utilized in cultural heritage risk management, assessment, and other fields [25, 26]. High-resolution remote sensing images, such as the Google and China GF series images, provide a convenient tool for risk monitoring and assessment of cultural heritage and surrounding landscapes. Global LULC data products generated by remote sensing images, such as Sentinel-2 10 m land cover time series of the world from 2017 to 2021 [27] and GlobeLand30 [28], also provide a data basis for monitoring the site landscape variations.
It has been ten years since the last round of cultural heritage surveys. During this period, many immovable cultural relics have changed, especially the surrounding environment of the sites. What is the relationship between the landscapes of the sites and the protection risks? How can we employ remote sensing data products to evaluate the risks faced by the sites quantitatively? Conservation risk will be a fundamental subject for monitoring sites and their environmental safety using remote sensing data in the future. Therefore, this study selects city sites, the most important types among the sites in the Central Plains, and takes their landscapes (their surrounding environment) as the research object. Based on the city site location and attribute information in the third national cultural heritage survey database, the city site landscape types and their existing hazard risk factors are analyzed using high-resolution remote sensing images and LULC data products. Besides, a city site landscape risk assessment model is established to comprehensively evaluate the impact of urbanization, agricultural activities, and other factors on the city site landscapes. This provides a reference for formulating city site protection and management policies for different landscape types.
Materials and methods
Study area
The study area refers to the Central Plains, with Henan Province as the core. It is located in the central and eastern part of China (Fig. 1), between 110°21′-116°39′ east longitude and 31°23′-36°22′ north latitude, with an area of about 165,500 km2. The terrain is high in the west and low in the east. The Yellow River crosses from the north, of which the plains account for 55.7% [29], while the Huanghuaihai alluvial plain includes the central and eastern parts. According to the data [30], by the end of 2021, the resident population of Henan Province reached 98.83 million, ranking third in the country, and the urbanization level was 64.72%, the regional GDP ranked fifth, and the grain output was 65.4417 million tons, ranking second in the country.[image: ]
Fig. 1Location of the research area


As a central province in population, agriculture, and food production in central China, the Central Plains has been a place with the most frequent human activities for thousands of years. With urbanization and modernization in China since the middle of the last century, regional urbanization speed has increased. In the past two decades, the urbanization rate has increased from 30.65% in 2005 to 64.72% in 2021, and the scope of urban areas has expanded. At the same time, Henan Province is one of the key areas for comprehensive agricultural development [31]. From 1978 to 2018, the annual growth rate of grain production exceeded 1 billion kilograms [32]. The city sites and the surrounding environment will inevitably be affected during urban construction, agricultural production, and other human activities. Besides, the city site landscapes will be constantly transformed, such as building houses, roads, soil borrowing, land leveling, and other human activities around the city sites to varying degrees, influencing the city sites and surrounding environment [21].
Data
This study mainly focuses on the types of city site landscapes and their protection threats. The research data includes city sites survey data and landscape element information. The attribute data of 530 city sites are from the data set of the third cultural heritage survey in Henan Province containing the following key positions:	Location

	Area

	Dating

	Environment

	Level of preservation




The geographic location of the city site determines the administrative ownership (specifically to the administrative village) where the city site is located and the coordinates of the location of the city site (central point or typical landmark [18]). From the environment attribute, we extracted the surroundings of the city site, such as temperature, rainfall, terrain conditions, and adjacent water areas, as well as nearby settlements and road conditions. Besides, regarding the city site protection at the survey time, the data set also includes the recognized protection level, which indicates whether it is a significant national-level protected site, a provincial-level protected site, or a city and county-level protected site. The protection level reflects the sites’ value and importance.
The landscape surface cover data of the city sites were acquired from the ESRI 10 m LULC data in 2017 and 2021, including water, trees, flooded vegetation, crops, built area, bare ground, snow/ice, clouds, and rangeland [33]. At the same time, high-resolution (better than 2 m) Google images of some city sites in 2017 and 2021 were also selected to analyze the surface coverage of fine typical city sites.
Methods
City site landscape scope determining
The city site landscape scope is the region where each city site is monitored. This study employs the city site’s coordinates and area data to determine the radius of the city site landscape scope through statistical analysis of the city site area numerical distribution, and the external rectangular delineation method describes the landscape scope of each city site.
Numerical statistical analysis of the area of the city sites
Preliminary statistics on the area attribute values of 530 city sites indicate that the minimum and maximum areas are 0 and 83.2 km2, respectively (Fig. 2), and the area values of the city sites varied significantly, requiring further analysis of the area attribute characteristics as a basis for the delineation of the radius of the city site landscape scope. For this purpose, the area curve diagram and the kneed inflection point calculation method [34] were selected, the distribution curve of the area attribute value of the city sites was drawn, the inflection point was calculated, and then the city sites were categorized by inflection point.[image: ]
Fig. 2Distribution of area attribute values of the city sites


By drawing the overall distribution curve of the city site area (Fig. 3a) and calculating the inflection point, it is determined that the area of 5 km2 is the first subsection point. There are 517 sites, accounting for about 97.5% of the total, indicating that most the city sites have an area of less than or equal to 5 km2. Further statistics of the city site area in the [0,5000000] (m2) value range are obtained to calculate its inflection point (Fig. 3b), and the value of the second segment point of the city site’s area is 1 km2. Moreover, the city site area distribution map is drawn in the range of [0,1000000] (m2) (Fig. 3c), and the third area segment point, 22500 (m2), is obtained. The city sites can be divided into four groups according to the three area segmentation points, as shown in Table 1.[image: ]
Fig. 3Distribution curve of the property value of the city site area: a as the overall distribution map of the city site area, b as the distribution map of the city site area less than or equal to 5 km, c as the distribution map of city sites with an area less than or equal to 1 km

Table 1Groups of city sites


	Group
	Area attribute value range (m2)
	Number
	Percentage (%)

	1
	[0,22500]
	162
	30.57

	2
	[22500,1000000]
	291
	54.91

	3
	[1000000,5000000]
	64
	12.08

	4
	[5000000,83200000]
	13
	2.45




The analysis of the attribute values of the area of 530 city sites indicated that the city sites’ maximum and minimum area values were significantly different. Combined with the identification and understanding of city sites in settlement archaeology [35–37], the area in the data (Fig. 2, Table 1) was too small (less than 1000 m2) or too large (greater than 5 km2), which should be further checked. The rationality of the attribute value of the city site area and the differences in the landscape scope of different groups should be considered while determining the radius of the city site.
Delineation of the landscape scope of the city site
When the city site area is too small or too large, the data sampling inspection and rationality analysis of the city sites with an area of less than 1000 m2 or more than 5 km2 are performed by collecting the relevant research data of the sites [38–40].
39 city sites contained too small area attribute values (less than 1 000 m2) (Fig. 2), where most of their area attribute values were recorded with the area of the remnants on the ground as the city site area record. This means that the area attribute value of the city sites with no remnants on the ground is 0 (such as the city site of Yingyang), and the remaining area of the city site includes a small section of the city wall (such as the ancient city of Beijing, with an area of 1.5 m2). Therefore, the area attribute value of this part of the city site only represents the area of the remaining relics on the surface, not the actual area of the city site, which is imcompatible with the recording rules of most city site areas in the data table. This situation should be considered while determining the landscape scope of the subsequent city site. Analysis of 13 city sites (Table 1) with too large area attribute values (greater than 5 km2) indicates that there are three city sites with abnormal area data. Among them, the Chenliujun site with the largest area has an attribute value of 83,200,000 (m2), which is not compatible with the area of other city sites. It is found that this value (83,200,000) is the area under the jurisdiction of Chen County in the historical period, not the area of the city site [38]. Thus, this value cannot be applied to delineating the city site landscape scope and will be removed. The two other city sites (Qingyang City and Weiguo City) were compared with the relevant research materials, indicating an entirely different area. According to the relevant research results [39, 40], the revised data was utilized to delineate the landscape scope of the city site.
Combined with the analysis of the numerical characteristics of the area and the classification results of city sites (Fig. 2 and Table 1), the actual area is adopted as the basis when determining the city site’s landscape scope, and the rationality of the landscape protection scope is considered. For some city sites with an area of fewer than 1,000,000 m2, a fixed value of 1,000,000 was considered in the calculation, and the city sites larger than this value were considered in the calculation with the actual area data. Based on the coordinates and area data of the city site, the landscape scope was delineated according to the following steps.
(a) Taking the site positioning point as the center, the radius of the site circular extent was delineated as  [image: $${\mathrm{r}}_{\mathrm{i}}$$] (Fig. 4), and [image: $${\mathrm{r}}_{\mathrm{i}}$$] was calculated by the formula (1).[image: $${\mathrm{r}}_{\mathrm{i}}=\mathrm{k}\sqrt{{\mathrm{s}}_{\mathrm{i}}/\uppi }$$]

 (1)


where [image: $${\mathrm{r}}_{\mathrm{i}}$$] is the radius of the site circular extent; [image: $${\mathrm{s}}_{\mathrm{i}}$$] is the area of the city site; [image: $$\uppi$$] is the circle’s circumference ([image: $$\uppi$$]= 3.14); k is the radius coefficient. If k < 1, the area of the site circular extent is smaller than the city site area, and it is challenging for the city site’s final delineated landscape scope to include the ruins and the surrounding environment. If the value of k is too large, the landscape scope will be too large, which cannot objectively reflect the city site environment. After several experiments and comparative analysis, k = 1.6 is considered the final choice.[image: ]
Fig. 4Determination of city site landscape scope


(b) Based on the site circular extent, the outer rectangle is constructed, and the outer rectangle of the site circular extent is the final landscape scope (Fig. 4).
In order to evaluate the applicability of the landscape scope of the city site and consider the availability of verification data, the Sui Tang Luoyang City and Liyang City were taken as examples. The heritage scope of Sui Tang Luoyang City (world cultural heritage) and its buffer zone [41], the protection scope of Liyang City and the construction control zone1, and the corresponding city site landscape scope were superimposed for comparative analysis. Figure 5a, b show the Sui Tang Luoyang City and Liyang City with a city site area of 47 km2 and 1.5 km2, respectively. The heritage buffer zone (or construction control zone) in Fig. 5 is included in the landscape scope of the city site. The landscape scope covers the information on the actual conservation extent of the site, and the risk analysis of the landscape types conducted in this study is helpful for the conservation of the sites.[image: ]
Fig. 5City site landscape scope test case: a is the Sui Tang Luoyang City, b is the Liyang city


City site landscape type division
The dominant LULC type within each city site landscape scope is determined using the 2021 ESRI 10- meter LULC data and based on the proportion of land cover types within the city site landscape scope. Accordingly, the city site landscape is divided and analyzed based on city ruins protection risks in the context of characteristics.
Statistics on the proportion of LULC types
The maximum value of the area proportion is calculated for various LULC types within the landscape scope of each city site, and the distribution of the maximum value of the LULC type area proportion (referred to as“Pmax_i”, the same below) is investigated (Fig. 6). It can be seen that Pmax_i is between [29.5, 100.0] (%). The value of Pmax_i within the landscape scope of all city sites is obtained using the grouping analysis tool of ArcGIS, and the value of the grouping boundary point is found to be 71.1%. According to the relevant dominant LULC type classification method [42], the grouping threshold can be determined as 70%, so the value of Pmax_i is divided into two groups. Among them, 319 city sites with Pmax_i greater than or equal to 70% belong to a group. Within the landscape scope, the LULC type with the maximum area proportion has apparent advantages, and its dominant LULC type can be directly determined. The other group Pmax_i is less than 70% of the 210 city sites with a relatively ‘uniform’ distribution of the area proportions of various LULC types within the landscape scope. There may be two or more dominant LULC types, and it is necessary to combine various LULC types. The area ratio’s actual distribution is comprehensively considered to delineate the dominant LULC type.[image: ]
Fig. 6Distribution map of the maximum proportion of LULC type area


The proportion of various land cover types in the landscape was further calculated (Fig. 7) for the 210 city sites with Pmax_i less than 70%. Since the area proportions of the four land cover types of snow/ice, cloud, submerged vegetation, and bare land are all close to 0 (Fig. 7a), there is no advantage in delineating the dominant land cover type and will not be considered. Analysis of the relationship between the area proportion of five land cover types of water body, forest land, cultivated land, built-up area and grassland (rangeland), and the number of city sites (Fig. 7b) indicates that the proportion of water body area is less than or equal to 10%. There are 173 city sites, 187 city sites with forest land area accounting for less than or equal to 10%, 179 city sites with grassland area accounting for less than or equal to 10%, 178 city sites with cultivated land area accounting for more than 30%, and 163 city sites with built-up area accounting for more than 30%.[image: ]
Fig. 7Statistics of the percentage of LULC types within the landscape scope of 210 city sites with Pmax_i less than 70%


Determination of dominant LULC types
Analysis of the proportion of LULC types within the landscape scope of 529 city sites shows that Pmax_i is greater than or equal to 70% with the landscape scope of 319 city sites, and the LULC type with the maximum area proportion has advantages and can be divided into the dominant LULC type. While as for the remaining 210 city sites with P max_i less than 70%, most of the two dominant LULC types exist at the same time, the sum of their area proportion is greater than or equal to 70%. Accordingly, the dominant LULC type is determined as follows: assume that within the landscape scope of the i-th city site, the set of LULC types and the set [image: $${\mathrm{LULC}}_{(\mathrm{i})}$$] of corresponding area proportions of various LULC types correspond [image: $${\mathrm{P}}_{(\mathrm{i})}$$] to formulas (2) and (3), respectively, then the dominant LULC type corresponding to the [image: $${\mathrm{DLULC}}_{(\mathrm{i})}$$] for the i-th city site can be calculated form formula (4).[image: $${\mathrm{LULC}}_{(\mathrm{i})}=\left\{{\mathrm{l}}_{1},{\mathrm{l}}_{2},\dots ,{\mathrm{l}}_{\mathrm{j}}\right\}\left(\mathrm{j}\le 9\right)=\left\{\text{"Water"},"\text{Trees"},"\text{Flooded vegetation"},"\mathrm{Crops}","\mathrm{Built Area}","\mathrm{Bare ground}","\mathrm{Snow}/\mathrm{Ice}","\mathrm{Clouds}","\mathrm{Rangeland}"\right\}$$]

 (2)


[image: $${\mathrm{P}}_{(\mathrm{i})}=\left\{{\mathrm{p}}_{1},{\mathrm{p}}_{2},\dots ,{\mathrm{p}}_{\mathrm{j}}\right\}$$]

 (3)


[image: $${\mathrm{DLULC}}_{(\mathrm{i})}=\left\{\begin{array}{c}{\mathrm{l}}_{\mathrm{max}\_\mathrm{i}}, {\mathrm{ p}}_{\mathrm{max}\_\mathrm{i}}\ge \partial \\ {\mathrm{l}}_{\mathrm{max}\_\mathrm{i}}\cup {\mathrm{l}}_{\mathrm{max}2\_\mathrm{i}}, {\mathrm{ p}}_{\mathrm{max}\_\mathrm{i}}&lt; \partial and {\mathrm{p}}_{\mathrm{max}\_\mathrm{i}}+{\mathrm{p}}_{\mathrm{max}2\_\mathrm{i}} \ge \partial \\ mixed, {\mathrm{ p}}_{\mathrm{max}\_\mathrm{i}}&lt; \partial and {\mathrm{p}}_{\mathrm{max}\_\mathrm{i}}+{\mathrm{p}}_{\mathrm{max}2\_\mathrm{i}} &lt; \partial \end{array}\right.$$]

 (4)



Among them, [image: $${\mathrm{p}}_{\mathrm{max}\_\mathrm{i}}$$] and [image: $${\mathrm{p}}_{\mathrm{max}2\_\mathrm{i}}$$] are the maximum and the second maximum values of [image: $${\mathrm{P}}_{(\mathrm{i})}$$], respectively, and then corresponding LULC types are [image: $${\mathrm{l}}_{\mathrm{max}\_\mathrm{i}}$$], [image: $${\mathrm{l}}_{\mathrm{max}2\_\mathrm{i}}$$]( [image: $${\mathrm{l}}_{\mathrm{max}\_\mathrm{i}}\in {\mathrm{LULC}}_{\left(\mathrm{i}\right)},{\mathrm{l}}_{\mathrm{max}2\_\mathrm{i}}\in {\mathrm{LULC}}_{\left(\mathrm{i}\right)}$$]), and [image: $$\partial$$] is the threshold value that can be determined according to the distribution of the area proportions of various LULC types within the landscape scope of 529 city sites. Here, [image: $$\partial =70$$] is considered.
Classification of city site landscape types
Based on the grouping results of LULC types, the [image: $${\mathrm{DLULC}}_{(\mathrm{i})}$$] and [image: $${\mathrm{DLS}}_{(\mathrm{i})}$$] of city site landscape types can be divided, as shown in Table 2.Table 2Classification of city site landscape types


	DLULC
	Landscape categories
	DLS

	[image: $${\mathrm{l}}_{1}\text{("Water")}$$]
	Water
	Water

	[image: $${\mathrm{l}}_{2}, {\mathrm{l}}_{9},$$] [image: $${\mathrm{l}}_{2}\cup {\mathrm{l}}_{9}$$]([image: $$"\text{Trees",}\text{ "}\mathrm{Rangeland}")$$]
	Forest grass
	Forest grass

	[image: $${\mathrm{l}}_{4}("\text{Crops"})$$]
	Farmland
	Farmland

	[image: $${\mathrm{l}}_{5}("\mathrm{Built Area}\text{"})$$]
	Urban
	Urban

	[image: $${\mathrm{l}}_{1}\cup {\mathrm{l}}_{2}, {\mathrm{l}}_{1}\cup {\mathrm{l}}_{9}\text{("Water",}"\mathrm{Rangeland}"\text{,}"\text{Trees"})$$]
	Hybrid
	Water-forest grass

	[image: $${\mathrm{l}}_{1}\cup {\mathrm{l}}_{4}\text{("Water",}"{\text{Crops}}")$$]
	Water-farmland

	[image: $${\mathrm{l}}_{1}\cup {\mathrm{l}}_{5}\text{("Water",}"\mathrm{Built Area}")$$]
	Water-urban

	[image: $${\mathrm{l}}_{2}\cup {\mathrm{l}}_{4}, {\mathrm{l}}_{9}\cup {\mathrm{l}}_{4}$$]([image: $$"\text{Trees",} \, "{\text{Crops}}")$$]
	Forest grass-farmland

	[image: $${\mathrm{l}}_{2}\cup {\mathrm{l}}_{5}, {\mathrm{l}}_{9}\cup {\mathrm{l}}_{5}$$]([image: $$"\text{Trees",} \, "\mathrm{Built Area}")$$]
	Forest grass-urban

	[image: $${\mathrm{l}}_{4}\cup {\mathrm{l}}_{5}$$]([image: $$"\text{Crops",} \, "\mathrm{Built Area}")$$]
	Farmland-urban

	[image: $$\mathrm{Mixed}$$]
	Various combinations




Extraction of risk factors and the assessment model construction for landscape protection of city sites
Due to the different landscape types and ontology characteristics, the sites’ protection risks will differ. The risk factors of the city site landscape were extracted by combining the city site landscape type and the city site environment information in the third cultural heritage survey data set, and a risk assessment model was established to evaluate the protection risks faced by the city site landscape.
Risk factors for city site landscape protection
According to the field survey information about the city site environment in the site attribute table, the description sentences related to the city site landscape protection risk are extracted, and the city site landscape protection risk is organized into four factors: urban construction, agricultural production, flooding, and plant erosion (Table 3):Table 3Extraction of risk factors for city site landscape


	Name
	Risk description
	Threat factors
	Risk type
	LULC
	[image: $${\mathrm{DLS}}_{(\mathrm{i})}$$]

	Changmiao
	The site was destroyed by nearby residents who built houses, opened kilns, and borrowed soil
	Building houses, opening a kiln, borrowing soil
	Urban construction
	Built area
	Urban

	Laozhuangzhaihao
	It was occupied by building houses
	Building houses
	Urban construction
	Built area
	Urban

	Pinggao
	Long-term farming
	farming
	agricultural production
	crops
	farmland

	heyang
	A section was dug out due to the school building
	Building houses
	Urban construction
	Built area
	Urban

	Zhuchengcun
	Due to long-term agricultural production activities, the site has been damaged to some extent
	Agricultural production activities
	Agricultural production
	Crops
	Farmland

	Neixiang
	Since liberation, due to man-made factors such as the construction of new urban areas, the production and living activities of urban residents, unreasonable development and utilization, population increase, road widening, and building renewal, the ruins of the ancient city in Neixiang gradually disappeared
	Population increase, road widening, housing renewal
	Urban construction
	Built area
	Urban

	Baiting
	Reservoir water erosion, soil erosion
	Reservoir flushing
	Flooding
	Water
	Water

	Mangxian
	The yellow river flooded and silted up
	Siltation of the yellow River
	Flooding
	Water
	Water

	Ancheng
	Years of cultivation have caused certain damage to the surface of the site
	Long-term cultivation
	Agricultural production
	Crops
	Farmland

	Shaoyue
	Because the southern part of the old city of Zhaoyue is adjacent to the Bishui River, the terrain is relatively low-lying, and the southern part of the city site was scoured by the river, causing certain damage
	River wash
	Flooding
	Water
	Water

	Chongmen
	Tree roots have a certain eroding effect on the city site
	Erosion of tree roots
	Plant erosion
	Trees, rangeland
	Forest grass




Urban construction
Towns are areas with human activities. In order to build houses, roads, and other infrastructure, people’s activities, such as borrowing soil, may damage the city walls. New buildings may encroach on the site area and affect the city site landscape integrity. The garbage generated by people’s lives may pollute the city. In heritage environments, these risks tend to intensify with town development.
Agricultural production
Cultivated land is the area for agricultural production activities. Cultivation, irrigation, and canal repair may cause damage to the surface or underground shallow distribution remains.
Flooding
Most city sites in the Central Plains are soil sites [37] in or near water environments. They are susceptible to water erosion and erosion, and the seasonal and periodic flooding and flooding of rivers (such as the Yellow River) may even submerge the entire site landscape.
Plant erosion
The woodland and grassland environment are well-developed, and the root system of plants may affect the underground remains. Over time, the remains will gradually erode, which may collapse the remains.
The four influencing factors of urban construction, agricultural production, flooding, and plant erosion mainly correspond to the five LULC types, including built area, crop, water, trees, and rangeland. Based on the latest (2021) high-resolution LULC products, refer to the site risk assessment methods [43–46], we used a weighted sum model to assess the impact of five LULC types on the city site landscapes in the Central Plains. Besides, considering that the impact of urban expansion on the site landscapes is evident, an urbanization intensity index [17] was constructed in the study to analyze the impact of urban expansion on the site landscapes during 2017–2021.
Landscape element risk assessment model ([image: $${\mathrm{LERAM}}_{\mathrm{i}}$$])
With the help of the field survey information during the third cultural heritage survey, we sampled and extracted environmental information from some of the city sites (Table 3). Based on the results of the sampling and extraction, the impact coefficients of LULC types (e.g. built area) were synthesized by referring to the opinions of different experts and scholars with Delphi method, and the risk assessment model of landscape elements was finally weighted and constructed as Eq. 5.[image: $${\mathrm{LERAM}}_{\mathrm{i}}=\frac{{\mathrm{w}}_{\mathrm{bi}}{\mathrm{A}}_{\mathrm{bi}}+{\mathrm{w}}_{\mathrm{ci}}{\mathrm{A}}_{\mathrm{ci}}+{\mathrm{w}}_{\mathrm{wi}}{\mathrm{A}}_{\mathrm{wi}}+{\mathrm{w}}_{\mathrm{ti}}{\mathrm{A}}_{\mathrm{ti}}}{{\mathrm{A}}_{\mathrm{i}}}$$]

 (5)



[image: $${\mathrm{LERAM}}_{\mathrm{i}}$$] is the assessment risk value of the landscape elements of the i-th city site; [image: $${\mathrm{A}}_{\mathrm{i}}$$] is the landscape area of the i-th city site; [image: $${\mathrm{A}}_{\mathrm{bi}}$$], [image: $${\mathrm{A}}_{\mathrm{ci}}$$], [image: $${\mathrm{A}}_{\mathrm{wi}}$$], and [image: $${\mathrm{A}}_{\mathrm{ti}}$$] are the areas of the built area, crops, water, trees, and rangeland within the i-th city site landscape range in 2021; [image: $${\mathrm{w}}_{\mathrm{bi}}$$], [image: $${\mathrm{w}}_{\mathrm{ci}}$$], [image: $${\mathrm{w}}_{\mathrm{wi}}$$], and [image: $${\mathrm{w}}_{\mathrm{ti}}$$] correspond to the influencing weights of landscape elements of built area, crops, water, trees, and rangeland, respectively, as shown in Table 4.Table 4Weights of the LULC types


	LULC types
	Weights

	Built area
	5

	Crops
	2

	Water
	2

	Trees and rangeland
	1




Urbanization intensity index ([image: $${\mathrm{UII}}_{\mathrm{i}}$$])

[image: $${\mathrm{UII}}_{\mathrm{i}}=\frac{\Delta {\mathrm{A}}_{\mathrm{bi}}}{{\mathrm{A}}_{\mathrm{i}}\Delta \mathrm{t}}$$]

 (6)



[image: $${\mathrm{UII}}_{\mathrm{i}}$$] is the urbanization intensity index within the landscape scope of the i-th city site, and [image: $${\mathrm{A}}_{\mathrm{i}}$$] is the area of the city site’s landscape scope; [image: $$\Delta {\mathrm{A}}_{\mathrm{bi}}$$] is the value of the change in the built-up area within the city site’s landscape scope between 2017 and 2021; [image: $$\Delta \mathrm{t}$$] is the period, which equals 4 between 2017 and 2021.
Main steps of the methodological framework
The main steps of methodological framework in the study are summarized with the flowchart in Fig. 8. Based on the city sites survey data, the risk factors and distribution characteristics of the statistical area attribute value are extracted, respectively. Combined with the statistical characteristics, the city site landscape scope determination method is used to obtain the city site landscape scopes. With the help of the city site landscape scopes, we mosaicked and clipped the LULC data, and then we obtained the landscape element information within the landscape scope of each city site. The map of city site landscape types was obtained by using city site landscape type division method in combination with the landscape element information, to qualitatively analyze the conservation threats to the city site landscape in the Central Plains. The risk factors of the city site and the information of landscape element within the landscape of each city site were used as the input data of the risk assessment model, and finally the risk distribution map of the city site was obtained to quantitatively assess the impact of each landscape element on the conservation of the city sites.[image: ]
Fig. 8Flowchart of the methodological framework used in this study


Results and discussion
Landscape elements of city site and their corresponding risks
According to the city site landscape division results (Table 5, Fig. 9), 215 of the 529 city sites belong to farmland landscape, the maximum number accounting for 40.64% of the total. Farmers in this landscape have long-term farming, reclamation, and other agricultural production activities, affecting surface or shallow surface relics. Eighty-nine city sites belong to the urban landscape and are mostly concentrated in Zhengzhou and surrounding areas. Zhengzhou and other areas have high population density and urbanization rates [31]. City sites in this landscape are easily affected by house construction and road construction. The landscape scope of 15 city sites is located in densely distributed areas of forest and grass, mainly in the northwest and southwest mountainous areas, and plant root encroachment and erosion easily threaten the sites. The 6 city sites belong to the water landscape area, and the erosion of water and the deposition of rivers may cause damage to the sites to a certain extent.Table 5Classification results of city site landscape types


	landscape categories
	landscape type
	Number of city sites
	Percentage (%)

	Farmland
	Farmland
	214
	40.45

	Urban
	Urban
	89
	16.82

	Forest grass
	Forest grass
	15
	2.84

	Water
	Water
	6
	1.13

	Hybrid
	Farmland-urban
	164
	31

	Water-urban
	9
	1.7

	Forest grass-farmland
	7
	1.32

	Water-farmland
	5
	0.95

	Forest grass-urban
	4
	0.76

	Water-forest grass
	1
	0.19

	Various combinations
	15
	2.84



[image: ]
Fig. 9The result of landscape division result of the city sites, the map of city site landscape types


In order to further analyze the comprehensive impact of various landscape elements on city site protection, the risk values of landscape elements for all city sites in 2021 were calculated based on the risk assessment model of landscape elements. Besides, they were divided into five levels I, II, III, IV, and V (Table 6) using the natural breaks (Jenks) division method. The risk assessment results of the city site landscape elements (Table 6 and Fig. 10) indicate that the landscape types corresponding to the city site landscape element risk value from high to low are urban, farmland, water, and forest and grass.Table 6Landscape element risk assessment results


	[image: $${\mathrm{LERAM}}_{\mathrm{i}}$$]
	Risk levels
	Number
	Percentage (%)
	[image: $${\mathrm{DLS}}_{(\mathrm{i})}$$]

	1.0–1.8
	I
	19
	3
	Forest grass, water, etc

	1.8–2.6
	II
	162
	31
	Farmland, etc

	2.6–3.2
	III
	164
	31
	Hybrid

	3.2–4.1
	IV
	95
	18
	Hybrid

	4.1–5.0
	V
	89
	17
	Urban



[image: ]
Fig. 10Landscape element risk assessment results


Among them, 89 city sites with the highest risk level (V) of landscape elements are located in the urban landscape, in or near built-up areas, and are likely to face urban construction risks. For example, Zhengzhou Shang City is located in the central area of the old city of Zhengzhou, with a high population density. The newly built artificial facilities, such as houses and buildings within the site landscape, are densely distributed (Fig. 11a), affecting the city site landscape’s integrity and aesthetics. Relevant studie [47] have also indicated that people will produce much domestic waste and wastewater daily, which will lead to a dirty, chaotic, and poor landscape environment, threating the site.[image: ]
Fig. 11City site landscapes and risks [43].


Flooding and plant erosion mainly affect the city sites in the northwest-southwest mountainous areas or near water areas, and the risk level of landscape elements is the lowest (I). For example, the Taihezhai site of Ma’anqiao is a walled city on the top of a mountain, surrounded by mountains (Fig. 11b), and the densely distributed tree roots may affect the underground remains. The Xinghua City is located at the front of the first-class terrace on the south bank of the Danjiang, with small ditches and depressions to the east and west. The Danjiang passes through the northern part of the site’s landscape scope (Fig. 11c), where water scouring and erosion threaten the site’s conservation. For city sites in forest and water landscapes, it is necessary to monitor and predict the site and the environment during protection to avoid long-term erosion of plant roots and water flow from causing severe damage to the site and appropriately implementing conservation measures such as cutting on the premise of making a balance between preserving the plant system stability and the site stability [12]. We should also plant native plants on the river banks to avoid soil erosion and the spread of water erosion [10].
Most of the II-risk city sites are in farmland landscapes, and the sites are easily affected by agricultural production activities. For example, Kangwang City in the Han Dynasty was almost entirely a farming environment (Fig. 11d). The survey data indicated that the city wall was built with rammed earth, and the surrounding farmers excavated ditches, plowed the land, borrowed, and dug during the production activities. Such actions may damage surface remains, and crop roots may affect some less buried remains. Han-Wei capital city is located at the starting point of the Chang’an-Tianshan Corridor World Cultural Heritage. City site protection has received significant attention [48]. Relics such as Yongning Temple and palace remain on the ground, surrounded by cultivated land and roads (Fig. 11e). The site area protection and management planning system has been improved under the supervision of protection agencies such as the National Archaeological Site Park of the Han-Wei capital city and the World Cultural Heritage Management Office [48], and the surrounding farmers’ production and urban construction activities are subject to heritage protection regulations [49]. Appropriate transportation facilities have driven the development of local sustainable tourism, making residents' lives, regional economic development, and heritage protection complementary, which can provide a reference for sustainable conservation planning for other city sites.
Most of the city sites with III and IV risk levels are in diverse landscapes, influenced by two or more landscape elements such as urban, farmland, water, and forest and grass. For example, there are many artificial facilities such as buildings and roads in the landscape scope of Kangbei City. The Yiluo River on the east side of the site positioning point runs through the entire site area (Fig. 11f). Urban construction and water erosion may affect the site. Scholars [19] have indicated that factors such as urban expansion pose a significant threat to site protection.
Urbanization pressure
Human activities such as urban construction significantly influence the site landscape. This study employed the urbanization intensity index to analyze the expansion of built-up areas within the city site landscape from 2017 to 2021 and its impact on the city ruins. The calculation results of the urbanization intensity within the landscape scope of each site (Fig. 12) reflect that the city sites distributed in urban areas such as Zhengzhou City or the urban–rural junction are significantly affected by urbanization, and the pressure on cultural heritage protection is the greatest, and they should focus on future conservation and management even for a small number (1% of the total). For example, the urban construction land has increased significantly within the landscape scope of Gupingqiu Site and Guchengcun City, which have a high urbanization intensity index. The risk level of landscape elements is the highest (V-level risk, refer to Table 6 and Fig. 10). The high-resolution historical images of Google Earth (2017–2021) indicated that the elements within the landscape scope of these city sites had changed significantly, and the city site environment is generally affected by urban expansion activities such as road construction and house building, significantly changing the city site landscape appearance.[image: ]
Fig. 12Urbanization Intensity Index


During the four years from 2017 to 2021 (Fig. 13a, b), the built-up area has expanded by 39.15% within the landscape scope of the Gupingqiu Site of the Eastern Zhou Dynasty. In 2017, the city site was still at the southern edge of the built-up area, with only the man-made construction area in the north. By 2021, many new buildings were added to the city site’s east, west, and south sides. Artificial buildings have surrounded the city site, and the landscape appearance of the city site has been completely Changed. According to the third cultural heritage survey records, Gupingqiu Site is mainly underground, and there are no remains on the surface, which may destroy potential archaeological features during the construction of the town and engineering facilities [6].[image: ]
Fig. 13Impact of urban expansion.


Another typical example is Guchengcun site in the Spring and Autumn Period, which has existed for more than 2000 years. It is located at Gucheng Village, Longhu Town, Zhengzhou City. In the past four years, a newly constructed road has passed through the northwest of Guchengcun City. (Fig. 13c, d), which runs through the entire landscape scope of the site. At the same time, new artificial buildings were built in the northeast of the site, seriously affecting the landscape appearance of the site. The survey data indicate that the city wall cliffs and rammed earth layers are still preserved at the site. The city site has preserved rubble layers, ash pits, building materials, and pottery fragments. People’s activities, such as borrowing soil to build houses and roads, will seriously damage the relics. The continuous vehicle vibration caused by the newly-built roads will also affect the structural stability of the adjacent city walls and other relics. The pollutants released by vehicles may also indirectly accelerate the degradation of monuments [6], threating site protection.
Conclusions
The third survey of cultural heritage in Henan Province (2007–2011) recorded the protection status of city sites in the Central Plains. With the influence of urban construction and other human activities, the LULC within the landscape scope of city sites in the Central Plains has significantly changed in the past ten years, and the city site landscape is facing various protection pressures. Based on the third cultural heritage survey data set, combined with high-resolution remote sensing images and LULC data, this study selects landscape elements, such as urban, farmland, water, and forest and grass, to analyze the threats to the city site protection, and comprehensively assesses the risks of conserving city sites in the Central Plains region. The main conclusions are as follows:	(1)
Urban construction, agricultural production, flooding, and plant erosion mainly threaten city sites in the Central Plains. Among them, 40.64% of the city sites are in farmland landscapes, where agricultural cultivation, irrigation, and other production activities may influence the surface and underground remains of the city sites. The city sites, with 16.82%, are in the urban landscapes. During urban construction, large-scale construction of houses and roads changes the city sites’ landscape appearance and may damage the surface or subsurface remains of the city sites. Besides, 2.84% of the city sites are in forest and grass landscapes, where the remains are susceptible to erosion by plant roots due to the secondary radial growth of woody plants. The city sites with 1.13% are in water landscapes, and the sites are vulnerable to flooding, immersion, and river bank erosion due to the accumulation of silt, water erosion, and soil erosion.

 

	(2)
City sites in or adjacent to built-up areas face the highest risk, city sites in landscape types such as forest and grass are less likely to be affected, and landscape types closely related to human activities face the maximum protection pressure. For city sites in the urban landscape with high protection risks, cultural heritage landscape protection should be incorporated into the overall design during urban construction, such as building site parks, to promote site protection, and archaeological promotion to foster community awareness of cultural heritage conservation [8, 21].

 

	(3)
Urban expansion significantly affects the city sites distributed in urban areas such as Zhengzhou city or the urban–rural junction, and the pressure on landscape protection is the greatest. In the future, it is necessary to pay more attention to urban planning and site protection.

 




Compared with previous studies, this study comprehensively analyzed the possible risks of city site protection from landscape elements, such as urban, farmland, water, and forest and grass. Accordingly, the impacts of town construction (expansion), agricultural production, flooding, and plant encroachment on cultural heritage landscapes were comprehensively assessed. The relevant methods can provide a reference for regional cultural heritage landscape risk assessment. The analysis results of city site landscape characteristics are the basis for comprehensively understanding city sites environment and risk types and assessing and managing cultural heritage in a targeted manner. The city site landscape risk assessment results are essential for decision-makers to formulate cultural heritage protection plans. It has been ten years since the third survey of cultural heritage. The central future study aspect is to verify the change in the sites and their landscape risk factors during these ten years. The construction of a real-time monitoring system of cultural heritage landscape risk should also be considered by combining the latest near real-time remote sensing images and LULC data [50].
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