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Abstract 

Landscape heterogeneity is a comprehensive reflection of spatial patch and gradient, 

which is an important feature of landscape pattern. The China Land Use/Cover Dataset 

(CLUD) with 1 km spatial resolution was used in this study to investigate the dynamic 

changes of land use/cover in the Yarlung Tsangpo River basin (YTRB) of China from 

1980 to 2015 through the land use transition matrix and dynamic degrees. The semi-

variogram model of the study area was constructed at different scales to determine the 

landscape characteristic scale of the YTRB. The traditional landscape index method 

and moving window method were used to investigate the watershed landscape pattern 

at the class and landscape levels, respectively. The results showed that the overall 

change in land use over the YTRB was not significant during the period 1980-2015, 

whereas the relative change in each type of land use was significant. Permanent glacier-

snow significantly degraded by 22.72%, while built-up increased by 106.38%. The 

degree of the landscape fragmentation and diversity gradually increased from upstream 

to downstream. The unused land has the highest degree of fragmentation, and the 

agglomeration degree of urban land patches increased. The result of land use dynamic 

degree indicated that natural factors were the main causes of changes in land use during 

the first sub-period 1980-2000, while human activities were the major drivers of 

changes in land use during the second sub-period 2000-2015. The results can provide 

important information on the impact of regional development and environmental 

governance policies on the changes in land use/cover and landscape in Tibet. 
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1. Introduction 

Land change is related to the terrestrial hydrological and energy cycle, which has 

always been focus on the study of global change and hydrological processes (Liu et al., 

2003; Liu et al., 2010; Sterling et al., 2013). In-depth analysis of land surface change 

can provide important scientific basis for revealing global environmental changes 

(Lambin et al., 2001). With explosive population growth and rapid economic 

development, the global land use pattern has experienced obvious change in different 

periods (Bao et al., 2019; Mundia and Aniya, 2006). The research on land use/cover 

change should focus on both area and the evolution process using the transition matrix 

(Gessesse et al., 2019). However, most of the current research focuses on rapid 

urbanization (Akubia and Bruns, 2019; Ma et al., 2019; Mohammad et al., 2019), while 

landuse changes in alpine-cold region have received little attention, especially in the 

Qinghai-Tibet Plateau (Li et al., 2013), where was considered by most people that had 

a relatively stable land use structure with sparse population, and relatively small 

proportion of landuse change area. Due to the ecological fragility of the Qinghai-Tibet 

Plateau and its sensitivity for climate change and human activities, it is significance to 

investigate the land use/cover changes and their driving forces in this region. 

Landscape pattern is an important manifestation of land use, which mainly focus 

on the research on landscape heterogeneity and landscape dynamics (Guadalupe 

Priego-Santander et al., 2013; Li et al., 2019; Seidl and Golobic, 2020; Zhang et al., 

2020). The approaches to investigate landscape pattern mainly include landscape 



 

 

pattern index method and spatial autocorrelation analysis method. The landscape 

pattern index method can quantitatively describe the changes of landscape pattern, 

visually show the connection between the pattern and process of landscape. Lv et al. 

(2018) used the moving windows and landscape metrics to analyze the landscape 

characteristics in Wuhan, and found that the landscape heterogeneity of the study area 

in Wuhan had significantly increased due to urbanization. Zhang et al. (2019) quantified 

the green space patterns in Shanghai by landscape indicators and gradient analysis. The 

results showed that along the gradient, different green space exhibited obvious 

characteristics of spatial difference.  

The selections of landscape characteristic scales in different regions have a great 

influence on the accuracy of the calculation results (Kong and Nakagoshi, 2006). The 

study of Garcia -Llamas et al. (2018) on the relationship between landscape 

heterogeneity and richness at different scales in three mountainous areas of Spain shows 

that the significance of this relationship depends on the selection of analytical unit. The 

semi-variogram model (SVM) is a common used method in geostatistics to determine 

the appropriate research scale. Wang et al. (2016) quantified the effects of different 

DEM resolutions on the description of natural terrain surfaces using the SVM and 

independent structures model. Luo et al. (2018) investigated the spatial patterns of two 

dominant shrub populations through the SVM, and found that the spatial heterogeneity 

showed an upward trend in the period 2002-2006. The SVM was also used to calculate 

the spatial clustering degree of land use classes at the landscape scale (Numbisi and 



 

 

Van Coillie, 2020), while Wu et al. (2020) combined the SVM with the moving window 

method to determine the characteristic scale of landscape fragmentation in an island of 

China. In view of the great influence of different research scales on the results, it is 

necessary to determine the characteristic scales for the YTRB, which had not been 

thoroughly discussed in previous studies. 

Land degradation in the Qinghai-Tibet Plateau has always been a common concern 

for scholars and the government. The shrinkage of lakes leads to deterioration of water 

quality and expansion of sandy land (Li et al., 2009), and grassland degradation has a 

significant impact on the distribution of aboveground and underground biomass (Peng 

et al., 2020). The research of Duan et al. (2021) on the relationship between the 

normalized difference vegetation index and climate change shows that different 

vegetation types on the Qinghai-Tibet Plateau have great spatial differences in response 

to climate change. Through field testing and numerical simulation, Sheng et al. (2020) 

found that the area of permafrost on the Qinghai-Tibet Plateau decreased by more than 

1,000 km2 due to the sharp rise in temperature after 1980, and the problem of 

desertification has become increasingly serious. In addition, the continuous distribution 

of the landscape index is of great significance to the environment of the biological 

community. Li et al. (2018) researched on the landscape gradient changes on the 

Qinghai-Tibet Plateau, and showed that the implementation of ecological restoration 

policies has a significant effect on the grassland in low-altitude areas. Li et al. (2020) 

investigated the evolution of alpine wetland on the Qinghai-Tibet Plateau through the 



 

 

landscape ecological index in the past 25 years. The results show that this land type has 

experienced a process of first decline and then increase with different characteristics in 

different periods. However, the research on the specific phenomenon by a single 

indicator cannot reflect the full view of land use/cover changes in a changing 

environment, and cannot be conducive to a comprehensive assessment of the ecological 

quality of the YTRB. As the Y TRB is an important region for ecological protection 

and restoration in the alpine mountainous areas of the Qinghai-Tibet Plateau, a 

comprehensive assessment of land degradation and landscape fragmentation in the 

YTRB is very important for the balance between the regional water and land resources, 

which is rarely reported in the previous studies. What role the government's series of 

ecological project policies have played in the evolution of land use/cover and landscape 

patterns in the YTRB is worthy of further research. 

The specific objectives of this study are to: (1) analyze the spatiotemporal 

evolution characteristics of land use/cover in the YTRB from 1980 to 2015 through the 

land use transition matrix and dynamic degrees; (2) construct the semi-variogram model 

to determine the characteristic scale of landscape pattern change analysis; and (3) use 

the traditional landscape index method and moving window method to analyze the 

landscape pattern changes at land use type level and landscape level, respectively. The 

study could improve the dynamic grasp of land use/cover and landscape pattern in the 

YZRB, point out the problems in the development, utilization and protection of land 

and water resources in the ecologically fragile of the Qinghai-Tibet Plateau, and provide 



 

 

important information on the impact of regional development and environmental 

governance policies on the changes in land use/cover and landscape in Tibet. 

2. Study area and data description 

2.1. Study area 

The Yarlung Tsangpo River (YTR) is located in the Qinghai-Tibet Plateau (82°0′-

97°1′E, 27°8′-31°2′N), with average elevation over 4,000 m (Figure 1). The river is an 

important part of the ecological protection area in southwest China (Yao et al., 2010; 

Li et al., 2013). The terrain in the YTRB is complex, of which the heterogeneity is 

obvious. The upstream elevation is generally above 4000 m with the slope at lower 

level, which is a concentrated flat area in the basin. The downstream terrain changes 

drastically, with terrain undulations often above 500 m, and high-slope areas are 

distributed in patches. The downstream is dominated by broad-leaved and coniferous 

forests, mixed with some alpine vegetation. As the elevation increases, vegetation 

gradually degenerates into meadows, grasses and cultivated vegetation (Wang et al., 

2019). 

Figure 1 

The YTRB has uneven temporal and spatial distribution of precipitation. The 

annual precipitation of the upstream is generally below 300 mm, while the downstream 

is warm and rainy (Bibi et al., 2018). The precipitation is mainly concentrated in 

summer, accounting for 55%-80% of the annual precipitation. The annual mean 

temperature varies from 6.3 to 8.7 °C. The hydro-energy resources in the YTRB are 



 

 

very abundant, whose natural hydro-energy reserves per unit area are triple that of the 

Yangtze River, ranking first in China. The YTRB occupies 1/5 of the Tibet, while the 

population and GDP of which accounts for a half of the Tibet. Lhasa is the political, 

economic, and cultural center of the Tibet, which is an important part of the YTRB 

(Wang et al., 2018). 

2.2. Data description 

The China Land Use/Cover Dataset (CLUD) with a spatial resolution of 1km×1km 

and the Digital Elevation Model (DEM) dataset with a spatial resolution of 1: 250,000 

were provided by the Resource and Environmental Science Data Center of the Chinese 

Academy of Sciences (http://www.resdc.cn). Considering the stability of land use/cover 

in a short period, the interval of 15 to 20 years can better highlight the characteristics 

of changes in the land use/cover structure of the watershed (Zhao et al., 2020). 

Therefore, taking the consistency and accuracy of the data into account, the three typical 

years of land use/cover in 1980, 2000, and 2015 were selected to represent the different 

land use/cover and landscape structures in the natural phase, transition phase and 

current development phase of the study area, respectively. 

The CLUD is based on land survey data and Landsat TM/ETM remote sensing 

images for each period, and the specific process of data processing can refer to the 

research of Liu et al. (2014). According to the national land use classification method, 

and combined with the LUCC classification system established by Liu et al. (2002), the 

dataset is divided into six primary land use types, i.e., cultivated land, forest, grassland, 



 

 

water body, built-up and unused lands according to land resources and use attribute. 

The CLUD dataset has good accuracy and applicability in many case studies (Kuang et 

al., 2016; Song and Deng, 2017; Jiang et al., 2018). Considering the permanent glacier-

snow has a great influence on the landscape pattern in the plateau mountainous area, 

this secondary land use type was extracted from the primary land use type of water 

body as a primary land use type. The land use were finally divided into seven primary 

categories, i.e., cultivated land, forest, grassland, water body, built-up, unused land, and 

permanent glacier-snow (Figure 2). 

3. Methodology description 

3.1. Land use transition matrix 

The land use transition matrix can specifically shows the trend and direction of the 

conversion of various land use types and is widely used in the study of land use 

evolution (Lu et al., 2020). Expression is shown in Table 1. 

Table 1 

in which, T1 and T2 are different study period; P11-Pnn are different land use types; A1-

An are transfer area from T1 to T2; Pn+ to P+n represent the total area of ground n during 

T1 and T2. 

3.2. Land use dynamic degree 

The single dynamic degree and the comprehensive dynamic degree (Wang and Bao, 

1999; Peng et al. 2011) were used to measure the changes of land use/cover structure 

in the study area. The single dynamic degree indicates that the proportion of the 



 

 

transferred area of a certain land use type accounted for the total area before the transfer 

during the study period, which rep resents the active degree during the transfer period. 

The expression is as follows: 

 𝐿𝐿𝑖𝑖 = 𝑆𝑆𝑖𝑖−𝑆𝑆𝑖𝑖𝑖𝑖
𝑆𝑆𝑖𝑖

1
𝑇𝑇 (1) 

in which, i is a certain land use type; Si is the area before transferred; Sii is the area does 

not be transferred, the unit is km2; T represents the duration of the study. Single dynamic 

degree only reveals the net change in area of certain type between the two periods 

before and after the change. 

To objectively reflect dynamic changes of land use, the comprehensive dynamic 

degree is introduced, which represents the ratio of the total area of certain type after 

transfer to before transfer. The calculation formula is as follows: 

 𝑈𝑈𝑖𝑖 = 𝑆𝑆𝐴𝐴+𝑆𝑆𝐶𝐶
𝑆𝑆𝑖𝑖

1
𝑇𝑇 （2） 

in which, SA is the area of a certain type converted to other types, SC represents the area 

of other land use types converted to the certain type. When the value is large, it indicates 

that the active degree of land use is large, and the land use transfer is frequent. 

3.3. Landscape metrics and moving window method 

To reflect landscape pattern characteristics and reduce information redundancy 

(Baldwin et al., 2004; Purtauf et al., 2005), seven spatial metrics were selected to 

describing the landscape pattern in the study area (Table 2). All the metrics were 

obtained by Fragstats (McGarigal et al., 2012). 

Table 2 



 

 

The moving window method in the Fragstats 4.3 is used to obtain the distribution 

characteristics for each landscape index, moving one grid at a time from the upper left, 

calculating the above landscape pattern indices in the window and assigning them to 

the center grid. The size of the moving window will affect the stability of landscape 

indices and the integrity of spatial information based on relevant researches (Turner et 

al., 1989; Chefaoui, 2014; Chmielewski et al., 2014). Therefore, the side lengths of 

moving windows were from 3 km to 15 km with 2km interval, which were used in this 

study to calculate the landscape indices in the window. 

3.4. Semi-variogram model 

The semi-variogram model (SVM) was used to quantitatively determine the scale of 

landscape features for the analysis of the moving window method, which is an 

important research method in geostatistics (Fortin et al., 2003). It could detect the 

spatial autocorrelation of variables, which is widely applied in soil science and biology 

research (Song et al., 2019). The half of the variance of the difference between x and 

x+h is called as the semi-variogram function of Z(x) (Cai and Yu, 2008). 

 𝑟𝑟(𝑥𝑥,ℎ) = 1/2Var[𝑍𝑍(𝑥𝑥) − 𝑍𝑍(𝑥𝑥 + ℎ)] （3） 

There are four important parameters on the SVM curve, which are Nugget, Range, 

Still and Partial Still, reflecting the variation of landscape pattern. The interaction 

between the sample points generates Nugget (C0), and the relative stability constant that 

is reached as the sampling point spacing increases called as Still (C+C0). The ratio of 

Nugget to Still is C0/(C+C0), which estimates the importance of random factors in the 



 

 

total spatial variables. The value represents the degree of spatial variability can be used 

as the basis for determining the characteristic scale of the landscape. The smaller the 

value, the more stable the spatial autocorrelation is (Yue et al., 2005; Qiao and Li, 2006). 

In this study, the geostatistical software GS +9.0 is used to simulate the SVM of the 

landscape indices under different scales of moving windows. The impact of scale 

changes on the spatial variability of each landscape metric is analyzed by the change 

trend of C0/(C+C0) between different models. 

4. Results and Analysis 

4.1. Land use changes in the YTRB 

The spatial distributions of landuse in the YTRB during 1980, 2000 and 2015 are shown 

in Figure 2. Grassland was the main land use type, accounting for 61% of the YTRB, 

which was mainly distributed in upper and middle reaches. Second primary land use 

type was unused land, most of the unused land and permanent glacier and snow were 

distributed in the downstream region. The forests were mainly concentrated in the 

downstream region, Nyingchi, with abundant rainfall. Cultivated land and built-up land 

were generally located close to water bodies. Shigatse and Lhasa, which are distributed 

in the middle reaches’ region, were the important urban settlements in the basin. Overall, 

the spatial distributions of landuse were relatively stable from 1980 to 2015 with no 

major changes, however, the relative change in each type of land use was significant. 

Figure 2 

Table 3 shows the structural changes of the YTRB from 1980 to 2015. Generally 



 

 

speaking, the grassland, water body, cultivated land, and permanent glacier- snow 

decreased to some extent, while forest, unused land, and built-up land increased to a 

certain extent. For individual land use type, the permanent glacier-snow experienced 

the most obviously change during the recent four decades, with a decrease of 22.72%, 

and the reduced area was mainly concentrated in the Niyang River basin in the middle 

reaches. Cultivated land decreased by 56 km2 compared with the corresponding area in 

1980, decreasing by 1.68%. The area of unused land increased the most, with an 

increase of 2214 km2 (5.16%), whose distribution was similar with that of reduction 

area of permanent glacier-snow. The built-up area also had grown significantly near 

Shigatse and Lhasa, from 94 km2 to 194 km2, increasing by 106.38%. The grasslands 

and water bodies decreased by 70 km2 (-0.05%) and 22 km2(-0.86%), respectively, 

while the forest increased by 123 km2 (0.35%), which mainly distributed in the 

downstream of the Niyang and Lhasa River, and the YZR main stream from Lhasa to 

Shannan. This result can be corroborated by studies of the Qinghai-Tibet Plateau on 

alpine grassland degradation in recent decades (Li et al., 2018; Peng et al., 2020). 

Table 3 

4.2. Transition of land use structure in the YTRB 

According to the results of land use transition matrix among the three periods 1980, 

2000 and 2015, the overall land use structure in the YTRB was relatively stable during 

the study period (Figure 3). The transition from permanent glacier-snow to unused land 

contributed 94.88% of the total transfer area of permanent glacier-snow, with a change 



 

 

area of 2171 km2, followed by the transition to grassland and forest, only 98 km2 and 

19 km2, respectively. Water bodies were mainly transferred to forests and grasslands 

with areas of 55 km2 and 39 km2, respectively, accounting for 87% of the total water 

transfer area. The net transfer amount of forest and built-up was the second largest area 

of overall transition. Built-up land was mainly transferred from grasslands, cultivated 

land and forests, while the increase in forest mainly came from water bodies and 

grasslands. Comparing the land use transition matrix between 1980-2000 and 2000-

2015, it can be found the landuse transfer was obviously different between the two 

periods. From 1980 to 2000, the increase of unused land, forest and grassland showed 

the most significant changes, accounted for 86.3%, 5.8% and 5.3% of the total 

increasing area, respectively, and most of the transition were caused by natural climate 

factors, such as decreased snowfall and increased rainfall and temperature, which was 

also confirmed by other studies (Huang et al., 2017; Liu et al., 2018). However, during 

the period 2000-2015, the increase of built-up, water and unused land, which were 

greatly affected by human activities, became the most significant changes, increasing 

by 77 km2, 59 km2, and 47 km2, respectively, accounting for the 89% of the total 

increasing area of land use types. Among them, the main sources of the increasing area 

of unused land were permanent glacier-snow before 2000, and then primarily came 

from grasslands and water bodies after 2000. 

Figure 3 

The land use dynamic degree could quantify the dynamic change characteristics 

of land use structure. The single dynamic degree and the comprehensive dynamic 



 

 

degree were jointly adopted to detect the variation of each land use type for the two 

sub-periods divided by the year of 2000 (Table 4). In the case of the same trend detected 

by the two indices, the comprehensive dynamic degree should be used as the criterion 

for determining the activity degree, since the increase of permanent glacier-snow and 

transfer area of built-up are zero, which means that some trends of dynamic changes 

cannot be detected by a single dynamic degree, which is easy to cause errors in the 

calculation. According to the change trend of comprehensive dynamic degree during 

the two periods, the land use types can be divided into the following two groups: the 

dynamic degree of cultivated land, built-up, which are closely related to human 

productive activities, significantly increased by 4.5 times and 3.5 times. Comparing the 

period 1980-2000, the comprehensive dynamic degree of unused land and permanent 

glacier-snow significantly decreased for the period 2000-2015, which showed that the 

climate dominated land use type were relatively stable in the recent two decades. The 

results obtained by the comprehensive dynamic degree are generally coordinated with 

that detected by the land use transition matrix. 

Table 4 

4.3. Pattern analysis at class level in the YTRB 

Based on the traditional landscape index method, seven landscape indices such as 

Number of Patches (NP), Mean Patch Area (AREA_MN), Patch Density (PD), 

Perimeter-Area Fractal Dimension (PAFRAC), Aggregation Index (AI), Edge Density 

(ED), Largest Patch Index (LPI), were calculated to analyze the characteristics of 



 

 

landscape patterns in the YTRB for 1980, 2000 and 2015. The calculation results were 

then standardized by the "Minimum Value Method", the values of landscape indices for 

1980 and 2015 were taken as the radiuses of the two figures, and the circles were filled 

with the change rate of each landscape indices for the periods 1980-2000 and 2000-

2015. The heat maps of changes in the landscape indices across the YTRB for the 

periods 1980-2000 and 2000-2015 were shown in Figure 4. 

Figure 4 

The LPI exhibited the greatest difference between each land use type, the grassland 

occupied an absolute dominant position in the landscape composition of the YTRB, 

followed by forest and unused land, while the PD was similar to that of each other, 

which indicated the low landscape heterogeneity. In high-altitude mountain areas, the 

adaptability of land use types to terrain had a great influence on landscape structure. 

The increases of LPI for water bodies and built-up were obvious for the period 2000-

2015, and the increase of patch area is the result of the sustainable development concept 

of economic development and ecological protection in basin (Ma et al., 2018). The 

difference of AI between different land use was small, that of most types had continued 

to decrease, in which grassland and unused land had experienced small fluctuations that 

decreased first and then increased. The largest increase of AI occurred in built-up 

reached more than 10%, which showed that the aggregation increased and the spatial 

distribution tended to be concentrated, reflecting the rapid urban development process 

of the YTRB. Although grassland accounts for the largest proportion, NP of that was 



 

 

similar with other land use types, indicating that there was large complete area of 

grassland in the basin, which was consistent with the situation of field investigation. 

The NP and PD of forest increased, while the AREA_MN of that decreased, indicating 

that the small patches of forest in the basin increased or some large landscape patches 

of forest were divided into several smaller patches, which may be caused by 

infrastructure construction and small-scale afforestation. The PD of unused land was 

larger, while the AREA_MN of that was smaller, which indicated high fragmentation 

of unused land. 

4.4. Pattern analysis at landscape level in the YTRB 

In order to avoid data processing errors caused by non-integer pixels, selecting typical 

parameters from the three dimensions of density, aggregation and diversity, the size of 

the moving window was set to an odd multiple of 1 km, taking 15 km as the upper limit, 

and the moving window was used to calculate PD, AI and SHDI changes at different 

scales (Figure 5). The smaller the C0/(C+C0), the lower the spatial variation, the more 

obvious the spatial autocorrelation, and the better the stability of landscape index. The 

C0/(C+C0) of AI decreased as the increase of the window radius, and the PD and SHDI 

increased first and then decreased. All the three landscape indices tended to be stable 

as the window radius increased. When the window radius was 3 km - 5 km, the values 

of PD and AI showed an upward trend, indicating unstable landscape, which cannot be 

used as characteristic scale. The curves appeared inflection point at 7000-9000 m, and 

the ratio began to be stabilized above 9000 m, indicating that this scale can be used as 



 

 

the characteristic scale to study the spatial variation of landscape pattern in the YTRB. 

If the scale is too small (such as 3000m, 5000m, 7000m), the indices changed sharply 

with poor stability, which cannot reflect the landscape characteristics of the study area; 

if the scale is too large (such as 11000m, 13000m, 15000m), it will lead to the loss of 

spatial information. Hence, the window radius of 9000 m was selected in this study as 

the characteristic scale of landscape pattern change analysis. 

Figure 5 

Six landscape indices were selected to calculate the landscape features at 

landscape level from 1980 to 2015 (Figure 6). Except for AREA_MN, all the indices 

decreased and the process of landscape fragmentation was obvious. Among them, the 

SHDI and SHEI declined the most, with a decrease of 1.2%. The spatial distribution of 

LPI was similar to that of AI with strong positive correlation, which reflected the 

landscape fragmentation of YTRB; while the spatial distributions of PD were 

completely opposite. The PD showed an increasing trend from upstream to downstream, 

and most of the basin was in low value area. The high values were distributed in the 

middle reaches of the Lhasa River and the downstream of Parlung Zangbo River. In the 

upstream, the value of PD was small, while the LPI, AREA_MN and AI were large. 

Flat terrain is conducive to grassland growth, while human activities are less in higher 

altitude. The landscape in the upstream region was mainly characterized as large area 

of grassland and scattered unused land, therefore the landscape pattern was relatively 

complete with low fragmentation. In the middle reaches, the PD generally increased, 



 

 

LPI increased from the center of the river to the north and south edges, AREA_MN 

decreased significantly, and the spatial heterogeneity of AI was obvious. The midstream 

region is the economic, political, and cultural center of the YTRB, which is greatly 

affected by human activities. Most of the cultivated land and built-up are distributed 

along the water body and concentrated in the middle reaches. The landscape 

composition is complex and the fragmentation degree is high. In the downstream region, 

the PD was large, while the LPI, AREA_MN and AI were small, and the fragmentation 

degree was high. There was abundant precipitation in the southern part of Nyingchi 

with suitable climate. The concentrated distribution of the forest led to the different 

from other areas in the downstream, and the fragmentation degree was low relatively. 

The topography was the main influencing factor in this region. The topography of 

downstream region is changeable, and the vertical landscape changes violently. The 

landscape composition is very complicated with permanent glacier-snow, forest and 

cultivated land. 

Figure 6 

The SHDI and SHEI, describing the landscape diversity, showed a gradually 

increasing trend from upstream to downstream. The maximum value of SHDI was 

concentrated in the Lhasa and Shigatse regions, which were mostly disturbed by human 

activities in the middle reaches of the YTRB. The landscape in the midstream was 

mainly cultivated land and built-up around water body. Compared with the unexploited 

natural ecological landscape in most regions of the study area, the landscape types were 



 

 

abundant and the diversity was high. The values were also relatively large in the Parlung 

Zangbo region of downstream because of the large changes in altitude, with various 

landscape types staggered distribution, such as unused land, permanent glacier-snow, 

forest and grassland. Generally, the spatial heterogeneity of SHEI was stronger. The 

grassland occupied an absolute dominant position in the upstream, which made the 

uneven distribution of patches, while the uniformity of patches in the downstream was 

obviously increased from the center water body to the both edges of basin due to the 

terrain factors. 

5. Discussion 

There are many factors affecting land use and landscape pattern, which can be 

summarized as two aspects: natural factors and human factors. Due to the unique 

topography and fragile ecological environment of the YTRB, the regional development 

planning is mainly based on ecological protection. Economic development and other 

human activities are relatively few. The changed area of land surface is generally less 

than 2%, so the natural factors play a major role viewed from a small scale. Affected 

by global warming and other factors, the temperature in the YTRB has increased 

significantly in recent years, posing a threat to permanent glacier-snow and plateau 

water bodies. Li et al. (2009) pointed out that the decline in lake water level and area 

shrinkage in the Qinghai-Tibet Plateau are mainly due to climate change. Cuo et al. 

(2019) found that the snow cover, snow depth and glacier decreased significantly, which 

is consistent with the results of this study. 



 

 

From 1980 to 2015, China's land use/cover has experienced significant changes 

superimposed by climate change and human activities, especially after the concept of 

"sustainable development" incorporated into the national strategic plan in 1997 (Wei et 

al., 2018; Ma et al., 2021). How to achieve the balance between environmental 

protection and economic development under the influence of policies in the study area 

is worthy of in-depth study (Liang et al., 2021; Liu et al., 2021). Cultivated land and 

built-up are greatly affected by human activities in the YTRB. In response to the poor 

natural conditions of agriculture and weak infrastructure in Tibet, the government has 

strengthened the construction of farmland water conservancy infrastructure, promoted 

the farmland forestry network, and greatly increased the land utilization rate. According 

to Ecological Construction and Environmental Protection in Tibet issued by General 

Office of the State Council of PRC, although the arable land of Tibet has decreased in 

recent decades, the regional agricultural comprehensive eco-environment index in 2000 

increased by 1.5% comparing to that in 1990, regional self-sufficiency is basically 

achieved in the YTRB. According to the China Population Census in 2000 and 2010, 

the total population of the YTRB increased by 217 600 in 2010, with an increase of 

13.5%, and the proportion of non-agricultural population expanded by 2.5%. According 

to the Tibet Statistics Bureau, the per capita agricultural output value in 2015 was 13 

times, and the per capita industrial output value was 42 times than that in 1980, 

respectively. The increase in population and economic development have changed the 

pattern of land-use transfer, characterized with the decrease of cultivated land and the 



 

 

increase of built-up from 2000 to 2015. 

Agricultural production and social economic development are simultaneously 

carried out with ecological protection in the YTRB. Relevant studies have shown that 

human activities, especially changes in land use, are the main reason for grassland 

degradation (Li et al., 2013). Therefore, the government is committed to promote 

environmental restoration work. According to statistics, the central government 

invested 368 million yuan in ecological construction in Tibet from 1996 to 2002. 

Human activities had the underlying contribution to water and soil conservation (Li et 

al., 2019). Natural forest protection, returning farmland to grassland, afforestation and 

greening in Lhasa have been carried out successively and achieved obvious ecological 

protection effect. Compared with the early stage of the founding of the PRC, the 

vegetation coverage rate increased by nearly 5%. The increase in forest area, the 

obvious achievements in greening, and the greater impact of human activities are 

consistent with the results obtained by this study. In order to improve the ecological 

environment of the YTRB in a targeted manner, the state has also invested in the 

construction of Yarlung Tsangpo River, Lhasa River,and Nianchu River central 

agricultural comprehensive development project, in which the dynamic monitoring of 

the ecological environment by remote sensing provides a continuous condition for the 

assessment of environmental impact. 

This study mainly discussed the landscape heterogeneity at a granularity of 1 km 

in the study area, other different granularities of window sizes were not adopted for 



 

 

comparative analysis (Diaz-Varela et al., 2009; Chefaoui, 2014; Hagen-Zanker, 2016), 

which will be further analysis for fully understanding the regional landscape 

heterogeneity at different scale. In addition, quantitative analysis of the driving forces 

of land use and landscape pattern changes in the YTRB Basin will also be a topic of the 

future research. 

6. Conclusions 

The dynamic changes of landuse in the YTRB were analyzed through the landuse 

transition matrix and dynamic indices based on data for the periods 1980, 2000 and 

2015. The traditional landscape index method and moving window method were used 

to analyze the landscape pattern characteristics at the class and landscape level. The 

conclusions are as follows: 

(1) The land use structure of the YTRB was relatively stable during the recent 4 

decades, and the changed area generally accounted for less than 2% of basin. However, 

the land activity in different periods was obviously different, which can be well 

reflected by the comprehensive dynamic degree. Generally speaking, grassland, water 

bodies, cultivated land, and permanent glacier-snow area decreased, while forest, 

unused land, built-up increased to different extent during the study period. Permanent 

glacial-snow cover reduced by 22.72%, while built-up significantly increased by 

106.38%. From 1980 to 2000, the most active land use were mainly affected by natural 

climate factors, while the area with high activity from 2000 to 2015 were primarily 

affected by human activities. 



 

 

(2) At the class level, grassland occupies absolute predominance in the landscape 

composition. The number and density of forest patches increased, while the average 

area decreased. Some larger landscape patches were divided into multiple smaller 

patches. The PD of unused land was larger but the average area was smaller, means that 

the degree of fragmentation was larger. The AI of build-up increased by more than 10% 

from 2000 to 2015, the patches reunion increased and the distribution tended to be 

centralized. 

(3) At the landscape level, the process of landscape fragmentation was obvious. 

The landscape pattern in the upstream region was relatively complete with low 

fragmentation. The landscape composition in the middle reaches was complex and 

highly fragmented. The terrain in the downstream region was changeable, the landscape 

in the vertical direction changed drastically with complicated landscape composition. 

The spatial distribution of LPI was similar to that of AI with a strong positive 

correlation, while the distribution of AREA_MN was completely opposite. The 

maximum value of SHDI was concentrated in Lhasa and Shigatse, where the middle 

reaches were mostly disturbed by human activities, while the SHEI in the downstream 

region significantly increased from the river channel to the north and south edges due 

to topographical factors. 

The results obtained in this study can provide theoretical value and practical 

guidance for improving the regional environment and rationally protecting and utilizing 

land resources. The internal mechanism of land use and landscape pattern changes in 



 

 

the YTRB should be further explored in the future research. 
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Figure Captions 

Figure 1 The location of the Yarlung Tsangpo River basin (YTRB) 

Figure 2 Land use types of the YTRB for the periods 1980, 2000 and 2015 

Figure 3 Transition of each land use type in the YTRB from 1980 to 2015 

Figure 4 Heat map of landscape metrics changes at class level from 1980 to 2015 

Figure 5 The changes in characteristic values of landscape indices for different window 

radius 

Figure 6 Spatial distributions of landscape metrics for the periods 1980, 2000 and 2015 

  



 

 

Figure 1 The location of the Yarlung Tsangpo River basin (YTRB)  



 

 

Figure 2 The spatial distributions of land use/cover types in the YTRB for the periods 1980, 2000 and 
2015 

  



 

 

(a) 1980-2000 (b) 2000-2015 
(c) 1980-2015 

Figure 3 Transition of each land use type in the YTRB from 1980 to 2015 
Land use types are abbreviated as CL (Cultivated land), FR (Forest), GL (Grassland), WB (Water body), BU 

(Built-up), UL (Unused land), PG (Permanent glacier-snow). 1980, 2000, 2015 are represented by 0, 1, and 2 

respectively. The two ends of the strip are connected with different land types before and after the 
transfer, and its width represents the area of land use transfer. 

  



 

 

(a) 1980-2000 
(b) 2000-2015 

Figure 4 Heat map of landscape metrics changes at class level from 1980 to 2015 in the YTRB 
The calculation results were standardized by the "minimum value method", the values of 1980 and 2015 are taken 

as the radius of the two figures, and the indices are filled with the change rate of 1980-2000 and 2000-2015, to 

show the relative size and change range of different land types in each indicator.  



 

 

Figure 5 The changes in characteristic values of landscape indices for different window radius in the 
YTRB 

Using the moving window method to calculate the changes of Patch Density (PD), Aggregation index (AI), 

SHDI (Shannon Diversity Index) at different scales. The lower the C0/(C+C0), the lower the spatial variation, and 

the better the stability of landscape index. 

  



 

 

Figure 6 Spatial distributions of landscape metrics for the periods 1980, 2000 and 2015 
Patch Density (PD), Largest Patch Index (LPI), Mean Patch Area (AREA_MN), Aggregation Index (AI), 

Shannon Diversity Index (SHDI), Shannon's Evenness Index (SHEI) were calculated to analyze the characteristics 

of landscape patterns in the YTRB.   



 

 

Table Captions 

Table 1 The description of the land use transition matrix 

Table 2 The description of the landscape metrics used in this study 

Table 3 The structure of land use in the TTRB from 1980 to 2015 

Table 4 Land use dynamic degrees in the YTRB  



 

 

Table 1 The description of the land use transition matrix 

 

  

T1 
T2 

Pi+ 
A1 A2 … An 

A1 P11 P12 … P1n P1+ 

A2 P21 P22 … P2n P2+ 

…
 

…
 

…
 

…
 

…
 

…
 

An Pn1 Pn2 … Pnn Pn+ 

P+j P+1 P+2 … P+n Total area 

 



 

 

Table 2 The description of the landscape metrics used in this study 
 

  

Metric Description Units Range 

NP (Number of 

Patches) 
 

The patches number of the corresponding class 
 

None NP≥1, no limit 

AREA_MN (Mean 

patch area) 
The mean area of the corresponding class 

Same as the 

corresponding 

patch metric. 

no limit 

PD (Patch Density) The proportion of patches to the total landscape area Numbers per 100 PD≥1, no limit 

PAFRAC (Perimeter-

Area Fractal 

Dimension) 

The degree of irregularity of the corresponding class None 1≤PAFRAC≤2 

AI (Aggregation index) 
The proportion of the number of like adjacencies involving the 

corresponding class to the maximum possible number of that 
Percent 0≤AI≤100 

ED (Edge density) 
The proportion of the sum lengths of all edge segments involving each 

patch type, to the total landscape area 
Meters per hectare 

ED≥0, without 

limit 

LPI (Largest Patch 

Index) 

The proportion of the largest patch of each patch type to the land type 

total area 
Percent 0 < LPI≤100 

SHDI (Shannon 

Diversity Index) 

Minus the sum of the proportional abundance of each patch type 

multiplied by that proportion. 
Information 

SHDI≥0, no 

limit 

SHEI (Shannon's 

Evenness Index) 
SHDI divided by the logarithm of the number of patch types None 0≤SHEI≤1 



 

 

Table 3 The structure of land use in the TTRB from 1980 to 2015 

Period Item Cultivated land Forest Grassland Water body Built-up Unused land 
Permanent glacier－

snow 

1980 Area/km2 3337 35404 148424 2563 94 42909 10073 
 Proportion/% 1.37 14.58 61.13 1.06 0.04 17.67 4.15 

2015 Area/km2 3281 35527 148354 2541 194 45123 7784 
 Proportion/% 1.35 14.63 61.1 1.05 0.08 18.58 3.21 

1980-2015 Area change/% -1.68 0.35 -0.05 -0.86 106.38 5.16 -22.72 

  



 

 

Table 4 Land use dynamic degrees in the YTRB for the periods 1980-2000 and 2000-2015 

 Single dynamic degree Comprehensive dynamic degree 

1980-2000 2000-2015 1980-2000 2000-2015 
Cultivated land 0.022% 0.088% 0.022% 0.094% 

Forest 0.001% 0.004% 0.022% 0.005% 
Grassland 0.003% 0.005% 0.008% 0.006% 

Water body 0.178% 0.048% 0.232% 0.205% 
Built-up 0.000% 0.000% 1.223% 4.387% 

Unused land 0.001% 0.001% 0.255% 0.008% 
Permanent glacie-snow 1.136% 0.001% 1.136% 0.001% 
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