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Abstract 7 

Background 8 

The rapid assessment of the effectiveness of landscape protection in nature reserves is of great significance 9 

for the scientific formulation of protection and management countermeasures for nature reserves and is also 10 

an urgent problem to be solved for the construction and management of nature reserves in China. Using high-11 

resolution remote sensing image data, this study analyzes the landscape dynamics in the Liancheng National 12 

Nature Reserve (LNNR) and their driving factors since the reserve’s promotion to the national level in 2005, 13 

and proposes a comprehensive evaluation method for the effectiveness of landscape protection in protected 14 

areas based on the Landscape Transfer Index (LTI), Protected Landscape Integrity Index (PLII), and Interfered 15 

Landscape Sprawl Index (ILSI). 16 

Results 17 

Between 2006 and 2019, the area of protected landscape—namely woodland, grassland, and water—in the 18 

LNNR decreased, while the area of interfered landscape such as residential land, industrial and mining land, 19 

and water conservancy facility land increased. The LTI was –0.14, and among the driving factors, the 20 

development of industry and mining, land use by indigenous inhabitants, and the development of the transport 21 

industry made the highest contribution to the landscape transfer tendency, being respectively 34.79%, 28.98%, 22 

and 17.30%. The PLII decreased from 82.7 to 68.7 and the ILSI increased from 26.61 to 26.68. 23 

Conclusion 24 

The effectiveness of landscape protection in the LNNR is low. Between 2006 and 2019, the overall quality of 25 

the landscape slightly decreased, the spatial pattern of the protected landscape became more fragmented, and 26 

the degree of human interference in the landscape increased; however, the scope of influence of human 27 

interference did not change significantly. These changes were mainly due to industrial and mining exploitation, 28 

land use by indigenous inhabitants, and road construction. However, despite the insignificant nature of these 29 

changes, they still require attention and timely remedial measures. The methodology proposed in this study 30 

may be applicable to the rapid assessment of the effectiveness of landscape conservation in various types of 31 



 

 

nature conservation sites around the world. 32 

Keywords 33 

Landscape pattern, Human interference, Driving factors, Effectiveness of landscape protection, Liancheng 34 

National Nature Reserve 35 

Introduction 36 

Natural habitat loss and fragmentation are important threats to global biodiversity conservation (Chase 37 

et al. 2020; Sala et al. 2000). Studies have shown that the establishment of protected areas (PAs) can effectively 38 

curb the destruction of natural ecosystems, and this approach is a major component of biodiversity 39 

conservation (Li et al. 2020; Ma et al. 2012; Tang et al. 2011). In 2019, there were 261,200 PAs of various 40 

types in the world, covering 15.3% of the global terrestrial and freshwater environment (Maxwell et al. 2020). 41 

Analyzing landscape changes in PAs is an intuitive way to monitor and evaluate such areas. Scholars classify 42 

the landscapes in PAs into two categories according to their attributes, namely protected and interfered 43 

landscape(Zhang et al. 2014; Lindenmayer 2006; Chinese State Forestry Bureau 2008). The former mainly 44 

refers to natural landscapes but also includes some human-made landscapes that are beneficial to wildlife; the 45 

latter refers to the types of human-made landscape that cause interference and damage to natural ecosystems 46 

and wildlife habitats (Rovero et al. 2017; Richard et al. 2011; Lin et al. 2017). It is generally accepted that 47 

PAs are effective for the conservation of natural habitats (Rosas et al. 2017; Guo et al. 2017). However, some 48 

scholars have argued that the loss of wildlife habitat in some PAs due to increased anthropogenic interference 49 

has still not been effectively curtailed, questioning the conservation effectiveness of nature reserves (Fuller et 50 

al. 2010; Guadilla-Sáez et al. 2019). Therefore, it is highly necessary to scientifically assess the conservation 51 

effectiveness of PAs by monitoring the dynamic changes in the protected landscape. 52 

In China, there are 11,800,000 PAs of various types, covering a total area of more than 1.8 million km2 
53 

(Chen 2019). Among them, nature reserves occupy the largest area among the various types of PAs and are of 54 

fundamental importance for ecological conservation (Zhao et al. 2020). There are a total of 2750 nature 55 

reserves in China, covering a combined area of 1.47 million km2, accounting for 15% of China's land area; of 56 

these, 474 are state-level nature reserves covering a total area of 980,000 km2, accounting for 10% of China's 57 

land area (Wang 2019). Anthropogenic activities are prevalent in these national nature reserves; as of 2015, 58 

anthropogenic activities were present in 446 national nature reserves in China (Liu et al. 2020), and the level 59 

of such activities is expected to continue to increase as the population increases (Wittemyer et al. 2008). 60 

Furthermore, a comprehensive quantitative assessment of the landscape protection effectiveness of nature 61 



 

 

reserves in China has not been carried out, and how to scientifically and rapidly assess the landscape protection 62 

effectiveness of nature reserves following their establishment is an urgent problem for the construction and 63 

management of nature reserves. 64 

In recent years, scholars in China and abroad have conducted a large number of studies on the dynamic 65 

changes of regional landscapes and their driving factors using a combination of remote sensing and GIS, based 66 

on theories related to landscape ecology (Cao et al. 2015; He et al. 2019; Su et al. 2011; Zheng et al. 2017). 67 

Most of these studies were conducted at large spatial scales using moderate-resolution (≥30 m) satellite image 68 

data. In nature reserves, under strict control measures, the landscape generally does not change to a large 69 

extent; however, smaller-scale anthropogenic activities that lead to landscape changes are common, such as 70 

the construction of water conservancy facilities, residential land use, and tourism service facilities. It is 71 

difficult to identify these activities with medium-resolution satellite imagery. With the development of remote 72 

sensing and geographic information systems, high-resolution satellite imagery has enabled researchers to 73 

accurately identify landscape changes in nature reserves at smaller scales (Cong et al. 2019; Cui et al. 2014; 74 

Song et al. 2016), providing the possibility to accurately assess the effectiveness of landscape protection in 75 

nature reserves. 76 

Scholars in China have explored methods to assess the effectiveness of conservation in nature reserves 77 

from different aspects such as landscape, vegetation, plants, and animals (Guan et al. 2012; Liu et al. 2016; 78 

Jin et al. 2015; Xin et al. 2015). Additionally, based on the research results, forestry industry standards were 79 

issued (Chinese State Forestry Bureau 2014), providing a theoretical basis for research on the conservation 80 

effectiveness of nature reserves at the landscape level. However, research by Chinese and foreign scholars on 81 

the conservation effectiveness of nature reserves at the landscape level has mainly focused on changes in 82 

landscape dynamics, the impacts of human interference, and the effectiveness of habitat quality protection 83 

(Broadbent et al. 2012; Mehring and Stoll-Kleemann 2011; Guo et al. 2017; Long et al. 2014; Niu et al. 2003; 84 

Lin et al. 2019). These studies evaluated the conservation effectiveness of different types of nature reserves 85 

from different perspectives; however, a fast, effective, and universal method to evaluate the landscape 86 

protection effectiveness of nature reserves is lacking. 87 

This study takes the Liancheng National Nature Reserve (LNNR) as the study area and uses high-88 

resolution remote sensing image data from 2006 and 2019 to analyze the landscape change trend and its drivers 89 

from the perspective of landscape type change since the nature reserve was promoted to a national nature 90 

reserve in 2005; moreover, it proposes the use of the Protected Landscape Integrity Index (PLII) and the 91 

Interfered Landscape Sprawl Index (ILSI) to attempt to quantify the integrity of protected landscape and the 92 



 

 

influence range of human disturbance from the perspective of the landscape spatial distribution pattern. These 93 

methods were used to comprehensively evaluate the effectiveness of landscape protection in the LNNR since 94 

its promotion to a national nature reserve. The main objectives of this study are as follows: (1) To propose a 95 

method to rapidly assess the effectiveness of landscape protection in nature reserves; (2) to evaluate the 96 

effectiveness of landscape protection in the LNNR using this method; and (3) to propose countermeasures and 97 

recommendations for landscape protection management in the LNNR. 98 

Data sources and research methods 99 

Overview of the study area 100 

The LNNR is located in the arid northwest of China, in Yongdeng County, Lanzhou City, and in the 101 

Tianzhu Tibetan Autonomous County, Wuwei City. It was established as a provincial nature reserve in 2001 102 

and promoted to a national nature reserve in 2005. The geographical coordinates of the reserve are 103 

36°32′54″~36°48′28″ N latitude, 102°35′57″~102°54′32″ E longitude; it covers a total area of 48,240 hm2, of 104 

which, 14,440 hm2 (29.93%) is the core zone, 13,333 hm2 (27.64%) is the buffer zone, and 20,467 hm2 105 

(42.43%) is the experimental zone. The LNNR is located in the middle and lower reaches of the Huangshui 106 

River, a major tributary of the Yellow River. The LNNR is a forest ecosystem type nature reserve; the main 107 

object of protection is the Sabina przewalskii and Picea crassifolia forest ecosystem and the habitat of 108 

nationally protected wild animals and plants. The LNNR has a wide variety of vegetation, which can be 109 

divided into six vegetation types, 17 formation groups, and 28 formations, providing a good habitat for wild 110 

animals and plants to survive and reproduce. A survey of the LNNR found vascular plants from 91 families, 111 

403 genera, and 1283 species, and terrestrial vertebrates from 24 orders, 66 families, and 220 species(Wang 112 

2008). Its rich biodiversity and many rare and endangered species make the LNNR a rare-species gene pool, 113 

especially in the Loess Plateau region. Furthermore, the large areas of primeval forest in the LNNR, which 114 

are composed of S. przewalskii, Picea wilsonii, and P. crassifolia, make it an important forest and water 115 

conservation area in the upper reaches of the Yellow River. The LNNR is not only regionally representative 116 

but also has high conservation and scientific research value. As of 2019, there were 30,695 community 117 

residents living within the LNNR, distributed among 10 administrative villages and one community in two 118 

townships, mainly in the experimental zone of the reserve. These communities are subject to frequent human 119 

activities, which greatly threaten the protection and management work of the reserve. 120 



 

 

  121 

Figure 1 Location map of the Liancheng National Nature Reserve (LNNR)  122 

 123 

Data sources 124 

Two sets of remote sensing images of the study area were collected, one acquired in 2006 (resolution: 125 

2.5 m) and the other in 2019 (resolution: 2 m). Socio-economic data for the LNNR were obtained from the 126 

survey statistics of the Chinese Nature Reserve Authority. 127 

Data processing 128 

Remote sensing image processing and landscape classification 129 

Using the ENVI 5.1 software (L3Harris Geospatial, Boulder, Colorado, USA), the two image series were 130 

processed with geometric correction, multi-band blending, panchromatic sharpening and cropping. The 131 

protected area was divided into 10 primary landscape types and 21 secondary landscape types (Table 2) based 132 

on the Chinese Land Use Classification Standard (GB/T 21010-2017). The accuracy of the decomposition 133 

results was assessed using a field survey, and the attribute accuracy and boundary accuracy of the 134 

decomposition results for 2006 and 2019 were found to be greater than 97% (Table 1), which meets the 135 

accuracy requirements (Cong et al. 2019; Cui et al. 2014; Song et al. 2016). 136 

Table 1 The results of the accuracy analysis of the landscape classification in the Liancheng National Nature Reserve 137 

(LNNR) 138 

Remote sensing 

image acquisition 

Total 

number of 

Number of 

samples 

Sampling 

rate 

Number of 

correct 

Attribute 

accuracy 

Number of 

correct 

Boundary 

accuracy 



 

 

year patches attributes boundaries 

2006  1901 471 25% 464 98.51% 468 99.36% 

2019  1971 381 19% 372 97.64% 370 97.11% 

The 21 secondary landscape types were classified into protected, interfered, and neutral landscapes based 139 

on the attributes of the land use/land cover (LULC) types (Table 2): protected landscapes include natural forest, 140 

artificial forest, shrub forest, grasslands, and river water surface; interfered landscape include agricultural land, 141 

mining land, industrial land, roads, hydraulic architecture, urban residential land, detached houses, rural 142 

residential land and other construction land. Neutral landscape includes bare land and bare gravel land. 143 

Ecological levels were assigned to the different types of landscapes using the golden divide method (Table 2), 144 

in which threshold values of 0.62 and 0.38 were used to divide the given interval. A higher assigned value 145 

indicates a higher ecological level. Interfered landscapes have negative values, and larger absolute values 146 

indicate a higher level of anthropogenic interference. Neutral landscapes are assigned a value of 0 (Zhang et 147 

al. 2014). 148 

Table 2 The assigned landscape types and ecological levels in the LNNR 149 

Primary 

landscape type 

 

Secondary 

landscape type 

 

Landscape 

classificatio

n 

Ecological level 

 

Primary 

landscape type 

Secondary 

landscape type 

Landscape 

classification 
Ecological level 

Woodland 

Shrub forest 
Protected 

landscape 
0.62 

Bare land 

Bare land 
Neutral 

landscape 
0 

Artificial forest 
Protected 

landscape 
0.38 Bare gravel land 

Neutral 

landscape 
0 

Natural forest 
Protected 

landscape 
1 

Other 

construction 

land 

Other 

construction land 

Interfered 

landscape 
-0.62 

Grassland Grassland 
Protected 

landscape 
0.62 Water 

conservancy 

facility land 

Ditches 
Interfered 

landscape 
-0.62 

Cropland 

Cultivated land 
Interfered 

landscape 
-0.38 

Hydraulic 

architecture 

Interfered 

landscape 
-1 

Agricultural facility 

land 

Interfered 

landscape 
-0.62 

Water 

River water 

surface 

Protected 

landscape 
1 

Industrial and 

mining land 

Mining land 
Interfered 

landscape 
-1 Ponds 

Interfered 

landscape 
-0.38 

Industry and 

storage land 

Interfered 

landscape 
-1 

Residential land 

Urban residential 

land 

Interfered 

landscape 
-0.62 

Traffic facility 

land 

Highways 
Interfered 

landscape 
-1 Detached house 

Interfered 

landscape 
-0.62 

Bridges 
Interfered 

landscape 
-1 

Rural residential 

land 

Interfered 

landscape 
-0.62 

Railway land 
Interfered 

landscape 
-1    



 

 

Landscape transfer matrix 150 

The intersection module of ArcGIS was used to calculate the geometric intersection in 2006 and 2019. 151 

Landscape type vector maps were used to statistically derive the area change of each landscape type between 152 

different periods and generate the landscape transfer matrix. To clearly demonstrate the changes in landscape 153 

pattern, the networkD3 package for R was used to draw the landscape transfer matrix Sankey diagram, and 154 

the area change rate of each landscape type was also calculated. 155 

Landscape Transfer Index 156 

The Landscape Transfer Index (LTI) can directly reflect the overall trend of landscape type change. 157 

According to the ecological level assigned to each landscape type, the LTI of the LNNR was calculated based 158 

on the landscape transfer matrix using the following formula: 159 

𝐼𝑇 = ∑ ∑ 𝑆𝑖→j(𝐷𝑗 − 𝐷𝑖)nj=1mi=1 𝑆𝑇 × 100 160 

where 𝐼𝑇 is the landscape transfer index; m is the number of landscape types in the previous period; n is the 161 

number of landscape types in the current period; 𝑆𝑖→j is the area in which landscape type 𝑖 was converted 162 

to landscape type 𝑗; 𝑆𝑇 is the total area of the nature reserve; and 𝐷𝑖 and 𝐷𝑗  denote the assigned ecological 163 

levels of landscape types 𝑖 and 𝑗, respectively. 164 

The LTI has values between –200 and 200; positive values indicate that the landscape and ecological 165 

conditions of the area have improved and negative values indicate that they have deteriorated, with larger 166 

absolute values indicating greater change and vice versa. 167 

Protected Landscape Integrity Index 168 

In this study, the fragmentation index and the edge effect index were used to comprehensively 169 

characterize the degree of integrity of the protected landscape in the LNNR using the following formulae: 170 

𝐼𝐹 = 1 − ∑ ( 𝑆𝑗∑ 𝑆𝑗𝑛𝑗=1 )2𝑛
𝑗=1  171 

𝐼𝐸 = ∑ [ 𝑆𝑗∑ 𝑆𝑗𝑛𝑗=1 ∙ 2lg(0.25𝑃𝑗)lg𝑆𝑗 ]𝑛
𝑗=1  172 

𝐼𝐼 = √∑ 𝑆𝑗𝑛𝑗=1𝑆𝑇 ∙ (1 − 𝐼𝐹) ∙ (2 − 𝐼𝐸)3 × 100 173 

where 𝐼𝐹 is the fragmentation index of the protected landscape, reflecting the overall fragmentation of all 174 

protected landscapes, and has values of between 0 and 1; 𝑆𝑗 is the area of the jth protected landscape mosaic 175 



 

 

patch; 𝑛  is the total number of protected landscape mosaic patches;  𝐼𝐸  is the edge effect index of the 176 

protected landscape; 𝑃𝑗 is the perimeter of the jth protected landscape mosaic patch; 𝐼𝐼 is the integrity index 177 

of the protected landscape; and 𝑆𝑇 is the total area of the LNNR. 178 

The value of 𝐼𝐼 ranges from 0 to 100, with larger values indicating less fragmentation of the protected 179 

landscape mosaic, weaker edge-effect strength, and greater landscape integrity, and vice versa. 180 

Interfered Landscape Sprawl Index 181 

The Interfered Landscape Sprawl Index (𝐼𝑆) was used to characterize the degree of dispersion of the 182 

spatial distribution of the interfered landscape and the intensity of edge effects in the LNNR in order to 183 

evaluate the extent of anthropogenic interference in the reserve. This index was calculated according to the 184 

following formulas: 185 𝑃𝑖𝑗 = 𝐸𝑖𝑗𝐸   186 

𝐼𝑆 = − ∑ ∑ 𝑃𝑖𝑗𝑛𝑗=1𝑚𝑖=1 𝑙𝑛 𝑃𝑖𝑗ln(m + n) × 100 187 

where 𝑃𝑖𝑗 is the ratio of the common boundary length (𝐸𝑖𝑗) between the 𝑖-th interfered landscape mosaic 188 

patch and the 𝑗-th mosaic patch for all other types of landscape (including protected and neutral landscapes) 189 

to the total common boundary length (𝐸) between all interfered landscape mosaic patches and other landscape 190 

mosaic patches; m is the total number of interfered landscape mosaic patches; and 𝑛 the total number of 191 

mosaic patches for all other types of landscape. 192 

The value of 𝐼𝑆  ranges from 0 to 100; the larger the value, the more dispersed the distribution of 193 

interfered landscape, the greater the edge effect, and the greater the extent of anthropogenic interference. 194 

Classification of drivers of landscape change 195 

To analyze the causes of landscape changes in the LNNR, the landscape change patches in different 196 

periods were extracted using the ArcGIS topological analysis module. According to the actual situation of the 197 

LNNR obtained through past field investigation and image processing, the direct driving factors of each 198 

landscape patch change were qualitatively classified and the direct driving factors leading to landscape change 199 

were classified into nine categories (Table 3). 200 

Table 3 The results for the direct drivers of landscape patch changes in the LNNR between 2006 and 2019 201 

Driving factor Description Main conversion type 

Natural disturbance 
Landscape changes as a direct result of purely natural 

disturbances (e.g., landslides) 
Woodland→Bare land 

Land use by indigenous inhabitants  
Landscape changes as a direct result of new housing, 

agricultural reclamation, etc. 

Bare land→Cropland 

Bare land→Residential land 



 

 

Population displacement 
Landscape changes as a direct result of house demolitions, 

abandonment of cultivated land, etc. 

Residential land→Bare land 

Cropland→Bare land / Grassland 

Development of industry and mining 
Landscape changes as a direct result of the construction of 

industrial and mining facilities, (e.g., ore mining) 

Woodland→Bare land 

Bare land→Industrial and mining 

land 

Development of the water and 

hydropower industry  

Landscape changes due to the construction of dams, 

hydropower plants, and other hydroelectric facilities 

Water→Water conservancy facility 

land / Bare land 

Bare land / Cropland→Water 

Development of agricultural industry  
Landscape changes as a direct result of the construction of 

agricultural facilities (e.g., farms and grow houses) 
Cropland→Other construction land  

Development of transport industry 
Landscape changes as a direct result of road construction, road 

hardening, etc. 

Woodland / Bare land→Traffic 

facility land 

Development of tourism industry 

Landscape changes as a direct result of the construction of 

amusement parks, observation decks, and other tourism 

services 

Woodland→Bare land / Other 

construction land 

Ecological restoration 

Landscape changes as a direct result of conservation works 

(e.g., ecological restoration) carried out by authorities in the 

protected area 

Bare land→Woodland 

202 



 

 

Results 203 

Changes in landscape area 204 

The LNNR has three main types of protected landscapes (forest land, grassland, and water) and six types 205 

of interfered land (cropland, residential land, traffic facility land, water conservancy facility land, industrial 206 

and mining land, and other construction land). The results show that, between 2006 and 2019, the total area 207 

of protected landscapes in the reserve decreased from 42,505.59 hm2 (88.25% of the reserve’s total area) to 208 

42,456.16 hm2 (88.15%) (Table 4). Woodland occupies the largest area among all landscape types in the LNNR, 209 

and its area decreased from 41,325.16 hm2 (85.80% of the reserve’s total area) in 2006 to 41,292.32 hm2 
210 

(85.73%) in 2019, a decrease of 32.84 hm2. In the same period, the grassland area decreased from 771.03 hm2 211 

(1.6% of the reserve’s total area) to 760.86 hm2 (1.58%), while the water area decreased from 409.4 hm2 (0.85% 212 

of the reserve’s total area) to 402.98 hm2 (0.84%). That is, between 2006 and 2019, the areas of all types of 213 

protected landscapes in the reserve decreased slightly, and the annual rate of change in area was small (Table 214 

4). In the same period, the area of interfered landscape in the reserve increased from 5526.36 hm2 (11.47% of 215 

the reserve’s total area) to 5546.71 hm2 (11.52%). Of the various types of interfered landscape in the LNNR, 216 

cropland accounts for the largest area, and decreased from 4808.01 hm2 (9.98% of the reserve’s total area) in 217 

2006 to 4773.51 hm2 (9.91%) in 2019. During the same period, all other types of interfered landscape also 218 

increased in area to varying degrees, with residential landscape experiencing the largest percentage of area 219 

expansion of any type of interfered land, increasing continuously from 462.38 hm2 in 2006 to 488.45 hm2 in 220 

2019. Water facility landscape experienced the fastest area expansion of any interfered landscape type, with a 221 

mean annual change in area of 5.54%. 222 



 

 

 223 

Figure 2 The distribution of landscape use types in the LNNR in 2006 and 2019 224 

 225 

 226 

Table 4 Changes of landscape use types in the LNNR between 2006 and 2019 227 

Landscape type 

2006   2019  Area variation 

ratio 

(% · a-1) 
Area (hm2) 

Proportion* 

(%) 
 

Area 

(hm2) 

Proportion*  

(%) 

Woodland 41,325.16 85.80   41,292.32 85.73  -0.01  

Grassland 771.03 1.60   760.86 1.58  -0.10  

Water 409.4 0.85   402.98 0.84  -0.12  

Bare land 132.84 0.28   161.92 0.34  1.68  

Cultivated land 4808.01 9.98   4773.51 9.91  -0.06  

Residential land 462.38 0.96   488.45 1.01  0.43  

Traffic facility land 182.14 0.38   189.21 0.39  0.30  

Water conservancy facility land 7.67 0.02   13.19 0.03  5.54  

Industrial and mining land 52.91 0.11   60.27 0.13  1.07  

Other construction land 13.25 0.03   22.08 0.05  5.13  

* Refers to the proportion of the total area of the LNNR. 228 

 229 

 230 

 231 

 232 

 233 

 234 



 

 

Area transfer between different landscape types 235 

 Between 2006 and 2019, the area of protected landscape types such as natural forest, shrub forest, 236 

grassland, and river water surface in the LNNR decreased. The conversion of protected landscapes was mainly 237 

in the form of area conversions out. As shown in 238 

the landscape transfer matrix (Table 6) and the 239 

landscape transfer Sankey diagram (Figure 3), 240 

natural forest was mainly converted to bare land 241 

and bare gravel land with 11.41 hm2 and 6.86 hm2, 242 

corresponding to proportions of 47.96% and 243 

28.84%, respectively. Shrub forest was mainly 244 

converted to bare land and detached houses, with 245 

conversion areas of 4.40 hm2 and 1.99 hm2, 246 

corresponding to proportions of 34.24% and 247 

15.49%, respectively. Grasslands were mainly 248 

converted to cultivated land and ditches, with 249 

conversion areas of 4.29 hm2 and 2.19 hm2, 250 

corresponding to proportions of 28.32% and 251 

14.46%, respectively. River water surface was mainly converted to hydraulic architecture, mining land, and 252 

highways, with conversion areas of 1.49 hm2, 3.72 hm2, and 2.69 hm2, corresponding to proportions of 12.58%, 253 

31.42%, and 22.72%, respectively. 254 

Additionally, between 2006 and 2019, the area of cultivated land in the interfered landscape in the LNNR 255 

decreased significantly. This cultivated land was mainly converted to bare land and rural residential land, with 256 

conversion areas of 16.84 hm2 and 13.7 hm2 and conversion rates of 30.63% and 24.92%, respectively. 257 

Furthermore, the areas of other types of interfered landscape, such as industry and storage land, hydraulic 258 

architecture, and highways, all increased to varying degrees. The industry and storage land in the protected 259 

area are ore processing workshops or ore dumps, which have mainly been converted from bare land, with a 260 

conversion area of 3.11 hm2 and a proportion of 63.34%. The hydraulic architecture land is mainly used for 261 

dams or power stations, and has mainly been converted from river water surface, with a conversion area of 262 

1.49 hm2 and a transfer ratio of 85.14%. Highways were mainly converted from cultivated land and river water 263 

surface, with a conversion area of 3.16 hm2 and 2.69 hm2, accounting for 36.36% and 30.96%, respectively. 264 

Moreover, the areas of the two types of neutral landscape, bare land and bare gravel land, increased 265 

Figure 3 Landscape transformation Sanky map from 2006 to 2019 



 

 

significantly between 2006 and 2019, with bare land mainly being converted from natural forest and cultivated 266 

land, with conversion areas of 11.41 hm2 and 16.84 hm2, accounting for 31.72% and 46.82%, respectively. 267 

The bare gravel land is mostly distributed in the rocky hills on the west bank of the Datong River, and the 268 

main source of transfer is from natural forest, with a transferred area of 6.86 hm2, corresponding to a 269 

conversion rate of 91.34%. 270 

The calculated LTI of the LNNR is –0.14, indicating that the landscape of the reserve tended to deteriorate 271 

in general during 2006–2019. 272 

Analysis of landscape transformation under different drivers 273 

Between 2006 and 2019, the total area of changed landscape patches was 135.43 hm2 and the total number 274 

of changed patches was 291 (Table 5). Seven of the nine driving factors were found to contribute negatively 275 

to the LTI (Figure 4), among 276 

which the absolute values of the 277 

LTI caused by the development 278 

of industry and mining, land use 279 

by indigenous inhabitants, and 280 

the development of the 281 

transportation industry were the 282 

highest, with contributions of 283 

34.79%, 28.98, and 17.30%, 284 

respectively. With socio-285 

economic development and population increase, the demand for construction land increased, and the number 286 

of landscape change patches caused by land use by indigenous inhabitants was the largest (135), with a total 287 

area of 37.8 hm2. Land use by indigenous inhabitants was the largest driving factor of landscape area change 288 

and was also one of the main causes of the LTI decrease. In the experimental zone in the south of the reserve, 289 

there are large state-owned industrial and mining enterprises with a complete production line of ore mining, 290 

stockpiling, and processing built in the 1970s; this has caused some of the natural forest, shrub forest and 291 

water in the experimental zone of the reserve to degenerate into bare land or industry and storage land. The 292 

development of industry and mining has been the main driving factor for landscape deterioration in the reserve. 293 

There are 77 km of roads in the LNNR; the main transportation road in the reserve is provincial highway S301, 294 

which passes through the central experimental zone of the reserve, following the Datong River. From 2006 to 295 

2019, 3.8 km of road reconstruction and expansion was carried out in the LNNR, mainly focusing on the 296 

Figure 4 The contribution rate of different driving factors to the LTI 
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provincial highway S301, which transformed part of 297 

the shrub forest, water, and cultivated land along the 298 

Datong River into transportation land. Additionally, 299 

there are four hydropower stations in the reserve, all 300 

of which are located in the reserve's experimental 301 

zone; of these, two were newly built, and one was 302 

expanded, between 2006 and 2019. Water facility land 303 

is the landscape type that experienced the fastest 304 

change in LNNR during this period. However, the 305 

contribution of the development of the hydropower 306 

industry to the LTI decrease is insignificant (3.16%). 307 

This can be attributed to the fact that the construction 308 

of hydropower plants led to the conversion of 309 

protected landscapes (e.g., river water surface) into 310 

construction land, however, it also increased the water 311 

level, and consequently, patches with low assigned 312 

ecological levels along rivers (e.g., bare land and 313 

arable land) were converted into water lands, which 314 

have a higher assigned ecological level. 315 

Between 2006 and 2019, the LTI caused by population displacement and ecological restoration are 316 

positive, being 14.61×10-3 and 12.37×10-3, respectively. The landscape change due to population 317 

displacement was mostly a shift from interfered to neutral landscape and did not prod uce a significant 318 

improvement in landscape quality. Although ecological restoration led to a significant improvement in 319 

landscape quality, the area of implementation is small. Therefore, the population displacement and the 320 

ecological restoration were not sufficient to compensate for the overall trend of poorer landscape quality due 321 

to other drivers.  322 

Table 5 Values of the Landscape Transfer Index (LTI) under different driving factors 323 

Driving factor 
Patch area 

(hm2) 
Number of patches 

Landscape transfer index (×10-

3) 

Natural disturbance 7.67  17 -15.40  

Land use by indigenous inhabitants 37.80  135 -47.17  

Population displacement 18.47  16 14.61  

Development of industry and mining 26.45  28 -56.63  

Figure 5 Spatial distribution of landscape change patches under 

different driving factors 



 

 

Development of water and hydropower industry 15.07  27 -5.14  

Development of agricultural industry 7.03  11 -5.03  

Development of transport industry  13.25  33 -28.17  

Development of tourism industry  2.68  9 -5.22  

Ecological restoration 7.02  15 12.37  

324 



 

 

Table 6 The area transfer matrix of second-level landscape types in the LNNR between 2006 and 2019 325 

Unit：hm2 326 

2006–2019 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

1 
   

1.32 0.69 
  

0.54 1.96 
  

4.4 0.65 0.55 
     

1.99 0.75 

2 
                     

3 4.59 
        

0.03 
 

11.41 6.86 0.46 
     

0.28 0.16 

4 
    

4.29 
 

1.18 
    

1.3 
 

2.23 2.19 0.26 1.36 
 

1.33 0.33 0.68 

5 1.35 1.69 0.11 0.23 
 

2.96 0.9 1.26 3.16 
  

16.84 
 

3.7 2.13 
 

1.31 
 

3.44 2.19 13.7 

6 
    

0.91 
                

7 
        

0.45 
       

1.08 
    

8 
           

2.02 
         

9 
  

0.35 
      

0.01 
           

10 
                     

11 
                     

12 1.01 
  

0.48 3.83 
 

0.11 3.11 0.27 
    

2.06 
  

0.42 0.88 0.11 0.14 1.57 

13 
                     

14 
                

0.73 
 

0.56 
  

15 
                     

16 
                     

17 
   

2.98 
  

3.72 
 

2.69 0.18 
   

0.78 
 

1.49 
     

18 
                     

19 
        

0.16 
            

20 
                     

21 0.1    0.61                 

*Note：1- Shrub forest; 2-Artificial forest; 3- Natural forest; 4- Grassland; 5- Cultivated land; 6- Agricultural facility land; 7- Mining land; 8- Industry and storage land; 9- Highways; 10- Bridges; 11- Railway 

land; 12- Bare land; 13- Bare gravel land; 14- Other construction land; 15- Ditches; 16- Hydraulic architecture; 17- River water surface; 18- Ponds; 19- Urban residential land; 20 Detached houses; 21- Rural 

residential land. 
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Table 7 The area transfer-out ratio of second-level landscape types in the LNNR between 2006 and 2019 330 

Unit：% 331 

2006–2019 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

1 
   

10.27 5.37 
  

4.20 15.25 
  

34.24 5.06 4.28 
     

15.49 5.84 

2 
                     

3 19.29 
        

0.13 
 

47.96 28.84 1.93 
     

1.18 0.67 

4 
    

28.32 
 

7.79 
    

8.58 
 

14.72 14.46 1.72 8.98 
 

8.78 2.18 4.49 

5 2.46 3.07 0.20 0.42 
 

5.38 1.64 2.29 5.75 
  

30.63 
 

6.73 3.87 
 

2.38 
 

6.26 3.98 24.92 

6 
    

100.00 
                

7 
        

29.41 
       

70.59 
    

8 
           

100.00 
         

9 
  

97.22 
      

27.78 
           

10 
                     

11 
                     

12 7.22 
  

3.43 27.38 
 

0.79 22.23 1.93 
    

14.72 
  

3.00 6.29 0.79 1.00 11.22 

13 
                     

14 
                

56.59 
 

43.41 
  

15 
                     

16 
                     

17 
   

25.17 
  

31.42 
 

22.72 1.52 
   

6.59 
 

12.58 
     

18 
                     

19 
        

100.00 
            

20 
                     

21 14.08    85.92                 

*Note: Numbers refer to the same landscape types as in Table 6. 
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Table 8 The area transfer-in ratio of second-level landscape types in the LNNR between 2006 and 2019 337 

Unit：% 338 

2006–2019 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

1 
  

65.11  
 

19.15  
      

14.33  
        

1.42  

2 
    

100.00  
                

3 
    

23.91  
   

76.09  
            

4 26.35  
   

4.59  
      

9.58  
    

59.48  
    

5 6.68  
  

41.53  
 

8.81  
     

37.08  
        

5.91  

6 
    

100.00  
                

7 
   

19.97  15.23  
      

1.86  
    

62.94  
    

8 11.00  
   

25.66  
      

63.34  
         

9 22.55  
   

36.36  
 

5.18  
    

3.11  
    

30.96  
 

1.84  
  

10 
  

13.64  
     

4.55  
       

81.82  
    

11 
                     

12 12.23  
 

31.72  3.61  46.82  
  

5.62  
             

13 8.66  
 

91.34  
                  

14 5.62  
 

4.70  22.80  37.83  
      

21.06  
    

7.98  
    

15 
   

50.69  49.31  
                

16 
   

14.86  
            

85.14  
    

17 
   

27.76  26.73  
 

22.04  
    

8.57  
 

14.90  
       

18 
           

100.00  
         

19 
   

24.45  63.24  
      

2.02  
 

10.29  
       

20 40.37  
 

5.68  6.69  44.42  
      

2.84  
         

21 4.45   0.95  4.03  81.26        9.31           

*Note: Numbers refer to the same landscape types as in Table 6. 
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Protected landscape integrity 340 

The PLII of the LNNR decreased significantly between 2006 and 2019, from 82.7 to 68.7, indicating that 341 

the integrity of the protected landscape of the LNNR decreased significantly during this period. 342 

Between 2006 and 2019, the total area of the protected landscape mosaic in the LNNR decreased by 343 

44.58 hm2 (0.12%), from 42,505.59 hm2 to 42,456.16 hm2 (Table 9); additionally, the number of patches 344 

increased from 109 to 128, the fragmentation index increased significantly, from 0.22 to 0.57, and the edge 345 

effect index decreased slightly, from 1.18 to 1.15, indicating that the fragmentation of the protected landscape 346 

mosaic was the main reason for the reduced integrity of the protected landscape in the LNNR between 2006 347 

and 2019. The main road network of the LNNR comprises the S301 provincial highway, in the central part of 348 

the experimental zone of the LNNR, the X137 county road, in the east of the LNNR, and a tourist road in the 349 

west of the Tulugou National Forest Park. In 2006, some road sections were narrow and not hardened, and did 350 

not form a sufficiently resistant surface, and therefore the protected landscape mosaic was not spatially 351 

completely cut away. Between 2006 and 2019, the reconstruction and expansion of roads resulted in a 352 

significant increase in the fragmentation of the protected landscape mosaic and a significant decrease in the 353 

landscape connectivity. 354 

Table 9 A comparison of the landscape pattern indexes of protected landscape mosaics in the LNNR between 2006 355 

and 2019 356 

Year 
Total Area 

(hm2) 

Number of 

Patches 

Fragmentation 

Index 

Edge effect 

Index 

Connectivity 

Index 
PLII 

2006 42,505.59 109 0.22  1.18  2.74 82.7 

2019 42,456.16 128 0.57  1.15  2.61 68.7 

Note: PLII: Protected Landscape Integrity Index. 357 

Interfered landscape sprawl 358 

The ILSI of the LNNR was 26.61 and 26.68 in 2006 and 2019, respectively. The small change in the 359 

index over the study period indicates that the scope of influence of interfered landscape in the LNNR did not 360 

change significantly. 361 

Between 2006 and 2019, the total area of interfered landscape in the LNNR increased by 20.35 hm2 
362 

(0.05%), from 5526.36 hm2 to 5546.71 hm2, with an area conversion rate of 0.37%; additionally, the number 363 

of interfered landscape mosaic patches increased from 116 to 131 (Table 10). The degree of dispersion of the 364 

spatial distribution of the interfered landscape changed very little, and the increase in area occurred mostly in 365 

areas where there was originally a high concentration of interfered landscape; furthermore, the new patches 366 

were mostly small, which suggests that the control of the scope of influence of anthropogenic interference in 367 



 

 

the protected area of the LNNR was effective. 368 

Table 10 A comparison of the Interfered Landscape Sprawl Index in the LNNR between 2006 and 2019 369 

Year Total Area (hm2) Area ratio Number of Patches ILSI 

2006 5526.36 11.47% 116 26.61 

2019 5546.71 11.52% 131 26.68 

Note: ILSI: Interfered Landscape Sprawl Index. 370 

 371 



 

 

Discussion 372 

From 2006 to 2019, the area of protected landscape in the LNNR decreased and the area of interfered 373 

landscape increased; that is, the landscape in the reserve generally tended to deteriorate and the conservation 374 

effectiveness of the reserve was not significant. The implementation of major national natural forest resource 375 

protection projects promotes the development of natural ecosystems. In the LNNR, most of the protection 376 

project tasks were completed before the reserve was promoted to a national nature reserve in 2005, such as 377 

the natural forest protection projects, natural forest logging has been forbidden since 1998. Additionally, 446 378 

hm2 of sparse forest land and shrubbery land in the reserve were afforested between 1998 and 2005. From 379 

2001 to 2005, a reforestation project of 703.5 hm2 was completed in the eastern experimental zone of the 380 

reserve. Unfortunately, we do not have access to high-resolution remote sensing image data from the early 381 

days of the reserve to analyze the landscape changes resulting from these effective conservation measures. By 382 

2005 (when the reserve was promoted to a national nature reserve), the proportion of forest landscape in the 383 

LNNR had already reached 85.8%, and subsequently, the implementation of various protection projects in the 384 

reserve mainly focused on hill closure for forestation. The decline in landscape quality that took place in the 385 

LNNR between 2006 and 2019 was mainly due to three reasons. First, there are large industrial and mining 386 

enterprises in the reserve, whose activities can cause great damage to the ecological environment (Dong 2008). 387 

In 2017, all of the mining enterprises in the LNNR stopped ore mining activities and jointly formulated a 388 

“mine vegetation restoration plan” together with the nature reserve management; this plan was implemented 389 

by 2018, however, ecological restoration is expected to take some time (Li 2004), and the effectiveness of 390 

vegetation restoration is not yet clear. Secondly, activities by indigenous residents, such as agricultural 391 

reclamation, settlement construction, and resource development have led to a reduction in the quality of the 392 

natural ecosystem in the LNNR (Mette 2014; Chen 2016; Cao et al. 2019). There are large numbers of 393 

indigenous residents in the LNNR, and these residents have a relatively concentrated distribution, mainly in 394 

the Liancheng town government seat in the southern part of the experimental zone and the Minle Township 395 

administrative villages at the eastern edge of the experimental zone. The frequent anthropogenic activities in 396 

the LNNR have placed great pressure on the protection and management of the reserve and have become an 397 

important reason for the decline of the overall quality of its landscape. Thirdly, the increase in population in 398 

the protected area of the LNNR has led to an increase in transport demand, and road construction has inevitably 399 

encroached on trees, shrubs, and water, resulting in a deterioration of landscape quality. Most of the PAs in 400 

China have a certain degree of human interference because of rapid population growth during the past few 401 



 

 

decades. However, the current management and protection strategies for PAs are not effective. Therefore, in 402 

PAs where habitat quality is declining, diverse ecological restoration projects should be selected, while for 403 

PAs that do not have conservation value, management measures should be adjusted in a timely manner to 404 

avoid further expansion of the scope and extent of interference. 405 

The PLII can comprehensively reflect the degree of fragmentation, edge effect intensity, and spatial 406 

connectivity of wildlife habitats in PAs. This study uses changes in this index to evaluate the effectiveness of 407 

the protection of the integrity of the protected landscape in the LNNR. To calculate the index, it is necessary 408 

to delineate the protected landscape mosaic according to the real situation in different nature reserves. This is 409 

mainly achieved in two ways: First, it is possible to delineate the protected landscape mosaic according to the 410 

ecosystem type and protected objects of a specific protected area. For example, in this study, protected 411 

landscape types with a ecological level ≥ 0.38 were combined into a protected landscape mosaic, which 412 

included artificial woodland. Meanwhile, related studies showed that in the Wanglang National Nature 413 

Reserve, where giant pandas are the main protection object, artificial woodland is not a suitable habitat for the 414 

pandas (Yang et al. 2013). Second, when calculating the PLII, the interfered landscape which have not caused 415 

protected landscape separation can be merged into the protected landscape mosaic for analysis. For example, 416 

previous studies considered that transportation land types such as Class IV roads, forest roads, and rural roads 417 

do not form a substantial separation to protected landscape patches (Cui et al. 2018). Additionally, to ensure 418 

the accuracy of the calculation results, the protected landscape mosaic can be further integrated according to 419 

the distribution dynamic of protected objects. In summary, the PLII can be used to evaluate the integrity of 420 

protected landscapes, and its change value can be employed to assess the effectiveness of PAs for protecting 421 

major conservation objects and their habitats. 422 

The ILSI directly reflects the spatial spread of interfered landscape, and this study uses changes in this 423 

index to evaluate changes in the effect of anthropogenic interference in the LNNR. For example, in this study, 424 

landscape types with an assigned ecological level ≤ –0.38 were combined into an interfered landscape mosaic, 425 

which includes cultivated land. A previous study showed that in Hanzhong, Shaanxi Province, cultivated land 426 

(paddy fields) is an important habitat for the crested ibis (Nipponia nippon) and green rice cultivation is thus 427 

of great significance to the conservation of this species (Liu et al. 2014). The interfered landscape mosaic can 428 

be adjusted according to the main object of protection and its sensitivity to various types of interference, and 429 

the ILSI can therefore be universally applied to evaluate and control the spread of human interference. 430 

Based on the results of this study, we give the following recommendations to promote the protection 431 

effectiveness of protected areas: (1) Adjust the scope of PAs and functional areas as soon as possible, mainly 432 



 

 

by removing areas without protection value (e.g., towns, industrial and mining enterprises, and water 433 

conservancy and hydropower facilities) from PAs to avoid the interference of these areas in the assessment of 434 

the effectiveness of the landscape protection of PAs. Furthermore, for interfered landscape that cannot be 435 

withdrawn from the scope of PAs, scientific monitoring should be conducted to minimize the negative impact 436 

of this landscape on the main protection objects of nature reserves and their habitats; (2) Carry out the strict 437 

control and environmental impact assessment of the construction of facilities such as roads and hydropower 438 

stations in PAs to prevent the increased fragmentation of the protected landscape. At the same time, construct 439 

a protected area habitat corridor system to mitigate the decline in the connectivity and integrity of the protected 440 

landscape; and (3) obey the National Nature Reserve Regulation of China, follow the management routines 441 

of the LNNR strictly, and construct monitoring and response systems to the long-term management issues. 442 

Conclusion 443 

Using high-resolution remote sensing image data, this study analyzed the landscape dynamics and its 444 

drivers in the LNNR since its promotion to a national-level reserve; specifically, it evaluated the landscape 445 

protection effectiveness of the LNNR from 2006 to 2019 using the Landscape Transfer Index, Protected 446 

Landscape Integrity Index, and Interfered Landscape Sprawl Index. The following conclusions can be drawn: 447 

(1) From 2006 to 2019, the area of protected landscapes—namely woodland, grassland, and water—448 

within the protected area of the LNNR decreased, while the area of interfered landscape—namely residential 449 

land, industrial and mining land, and water conservancy facility land—increased, resulting in a decrease in 450 

the overall quality of the landscape and an increase in the degree of human interference in the reserve. These 451 

changes were mostly concentrated in the experimental zone of the protected area of the LNNR, and the main 452 

causes of the overall deterioration of the landscape were industrial and mining exploitation, land use by 453 

indigenous inhabitants, and the construction of transportation facilities. Although these changes are not 454 

obvious, they still require attention and timely remedial measures. 455 

(2) During the same period, there was a decline in the integrity of the protected landscape mosaic in the 456 

protected area of the LNNR. This decline was mainly due to landscape fragmentation caused by road 457 

expansion and modification in the experimental zone of the protected area. It is necessary to mitigate the 458 

decline in the integrity of the protected landscape of the reserve by constructing ecological corridors and 459 

performing ecological restoration. 460 

(3) The spatial distribution of interfered landscape in the LNNR did not change significantly between 461 

2006 and 2019. The area of interfered landscape increased mostly in areas where such landscape was originally 462 



 

 

concentrated, and the new patches were mostly small. These results suggest that the protected area of the 463 

LNNR is effective for controlling the scope of influence of human interference in the reserve. 464 

This study proposes a comprehensive method for evaluating the landscape conservation effectiveness of 465 

PAs based on the LTI, the PLII, and the ILSI. This method has the potential to be applied to the rapid 466 

assessment of landscape conservation effectiveness in various types of protected area. 467 

 468 
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Figures

Figure 1

Location map of the Liancheng National Nature Reserve (LNNR). Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 2

The distribution of landscape use types in the LNNR in 2006 and 2019. Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 3

Landscape transformation Sanky map from 2006 to 2019



Figure 4

The contribution rate of different driving factors to the LTI

Figure 5

Spatial distribution of landscape change patches under different driving factors. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion



whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.


