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Abstract 
As the emerging national strategy, the Xijiang river basin is facing stress from the accelerated and intensified 
exploitation, and resulted in environment deterioration and ecological risks. So, it is urgent to conduct the 
risk assessment of the river basin to balance the economic development and environmental protection. The 
ecological risk assessment was carried out at landscape level by applying the ecological risk model developed 
from landscape indices and land use data (1990s, 2000s, and 2010s). The ecological risk model was proposed 
based on landscape hemeroby index and landscape vulnerability index. Then, the exponential model was 
used to perform the kriging interpolation. The results indicated that: 1) The ecological risk of the study area 
presented deteriorative trend since the LERI value was stable from 1990s to 2000s, yet increased markedly in 
2010s. 2) The dominate factor for the spatial variation of the ecological risk in the study area was non-
structural stochastic factors in small scale rather than the structural factors in large scale. The high and very 
high risk level was mainly distributed in the northern, northwestern and eastern part of the basin and the 
very low and low risk level spread in the center of the study area. 3) The ecological risk presented deteriorated 
tendency from 1990s to 2010s, with the very high risk level reached up to 32.55% and the high risk level 
25.37% in 2010s. The very high ecological risk for the six land use types all increased in the course of the 
study period and the area proportion for very low and low level ecological risk all declined without exception. 
Keywords: spatial analysis, landscape metrics, risk transformation, spatial and temporal change 
 
Yan Y, Shi SN, Hu BQ, Yang KS (2018) Ecological Risk Assessment of Guangxi Xijiang River Basin based 
on Landscape Pattern. Ekoloji 27(105): 5-16. 

 

INTRODUCTION 
The expansions of anthropogenic activities into the 

natural ecosystems, witnessed by industrialization, 
urbanization, agriculture and recreation, have resulted 
in increasing heterogeneity of landscapes and 
consequential fragmentation, separation, diminishment 
and disappearance of habitats and landscapes (De Rosa 
et al. 2017, Mayer et al. 2016). The adverse effects of 
human intervention on the landscape structure, 
function and process, which resulted in soil erosion, 
biodiversity damage, land degradation, geological 
disaster and so on, have been considered as an important 
issue of ecological environment deterioration at global 
and regional scales (Miao et al. 2016, Molinos et al. 
2017, Voss et al. 2015). 

Hunsaker defined the ecological risk assessment and 
proposed to apply ecological risk assessment to regional 
and landscape scales in 1990s (Hunsaker et al. 1989). 
The ecological risk assessment is a flexible approach that 
organizing and analyzing data, hypotheses and 

indeterminacy to assess the probability of adverse effects 
that may occur or are occurring as a result of exposure 
to one or more stressors associated with anthropogenic 
activities (Beer 2006, Jones 2001). And great efforts have 
been made to comprehensively evaluate the ecological 
risk that human processes acted on landscape patterns 
in the followed decades (Liu et al. 2008, Mo et al. 2017, 
Venkatachalam et al. 2012). 

Many researches have focused on the ecological risk 
at landscape level because the construction activities are 
often carried out at landscape level, which is an effective 
way to determine the regional ecological sustainability 
(Shinneman et al. 2012). Landis has summarized the 
researches of ecological risk assessment that applied to 
population, communities and ecological landscape scale 
with multiple stressors for the past twenty years (Landis 
2003). And the landscape scale risk assessment was 
recommended because of the development of spatial 
statistics and uncertainty analysis approaches (La Rosa 
and Martinico 2013). 
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In recent years, researchers have developed various 
methods to assess the ecological risk (De Lange et al. 
2010, Landis and Wiegers 2007). One of the most 
significant methods is to assess the ecological risk by 
means of the risk indices on account of land use 
structures and landscape patterns, which could 
effectively reflect the ecological processes and provide 
scientific evidences for the ecological impacts and 
cumulative consequences (Forbes and Galic 2016, 
Kapustka 2005, Walz and Stein 2014). Llausas analyzed 
the ecological indices that indicated the landscape 
fragmentation and founded that the indicators were 
informative of changes in the landscape pattern and 
meaningful for the stakeholders (Llausas and Nogue 
2012). 

Along with the development of computer software, 
a number of landscape indices with specific and 
significant ecological implications were proposed to 
quantitatively assess the spatial patterns and change 
gradients of regional ecological influences. Fan 
developed a comprehensive index to assess the 
ecological risk of the middle reaches of Heihe River 
based on the land use structure and intensity parameters 
(Fan et al. 2016). However, there is still much to be 
done to develop ecological indices that reflect the 
ecological risk with more theoretical and practical 
significance. In addition, it is important to focus on the 
regional ecological risk at basin scale because many 
cumulative effects are particularly evident on this scale. 

After the National Strategy-Development Planning 
of Zhujiang-Xijiang Economic Zone was implemented, 
the Xijiang river basin was developed as the principal 
axis of the economic zone and the main part of the 
economic development, which occupied the significant 
strategic positions of the whole nation (Wu et al. 2015). 
As a consequence, the resource, environment and 
ecosystem of Xijiang river basin has been faced stress 
from the accelerated and intensified development of 
economy, and resulted in environment deterioration 
and ecological risks (Lin et al. 2017). So it is of great 
significance to assess the ecological risk status of the 
Guangxi Xijiang river basin, which is the result of the 
human interventions on landscape change. And 
scientific evaluation of regional ecological risk is 
necessary to determine the early warning signs to 
protect the ecological environment of the river basin. 

As spatialized variables, the ecological risk indices 
are able to reveal the mechanisms and trends of the 
regional ecological processes. So we combined the 
landscape ecology theories, spatial statistical analysis 

methods to establish a land use ecological risk 
assessment model that capable of revealing the spatial 
and temporal characteristics of ecological risk based on 
land use. The results were expected to provide new 
insights and methods related to regional sustainable 
development and river basin management. 

MATERIALS AND METHODS 

Study Area 
The Xijiang River Basin is the main stream of the 

Zhujiang River system. It originates from the 
mountainous area of Yunnan Province and flows from 
west to east through Yunnan, Guizhou, Guangxi and 
Guangdong provinces. The central area of the Xijiang 
River basin is located in Guangxi Zhuang Autonomous 
Region, with the length of 869 km and drainage area of 
2×105 km2. 

The Guangxi Xijiang river basin, lying in the 
subtropical monsoon area, extended from 104°28’E to 
112°35’E, 20°35’N to 26°20’N and accounted for 
85.88% of the total municipality (Yan et al. 2017) (Fig. 
1). The mean annual temperature is in the range of 16.5 
to 23.1°C, and the mean annual precipitation in the 
basin varies from 1200 to 2700 mm. Rainy seasons were 
from April to September, accounting for 70% to 85% 
rainfall of a year. The Guangxi Xijiang River Basin has 
a great proportion of karst landforms with high stream 
gradient and high modulus of runoff, as well as notable 
seasonal hydrologic process and striking human effect. 
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Data Source 
The land use and land cover data used in the study 

was provided by Data Center for Resources and 
Environmental Sciences, Chinese Academy of Sciences 
(http://www.resdc.cn). The data were interpreted by 
applying human-computer interactive method with 
serial Landsat digital images (spatial resolution of 30 m 
× 30 m) (Liu et al. 2014). The land use types were 
categorized into six classes i.e., cropland, woodland, 
grassland, water body, built-up land and unused land 
according to the National Standard of the People’s 
Republic of China (GB/T21010-2007). 

The field survey materials and field records were 
randomly chosen at a 10% ratio to the number of 
counties to assess the accuracy of the interpreted results. 
The overall accuracy of the six classes of land use was 
about 95% for 1990s, 92.9% for 2000s and 94.3% for 
2010s, which can meet the requirement of the user 

mapping accuracy on the 1:100,000 scale (Liu et al. 
2003a, 2003b, Liu et al. 2010). 

A set of three periods (1990s, 2000s and 2010s) of 
land use and land cover data that covered the study area 
were clipped from the original dataset respectively (Fig. 
2). 

METHODS 

Risk Plots 
The equal interval sampling method was applied to 

partition the risk plots for the entire study area. Taken 
the square grid of 25 km × 25 km as the unit, a total of 
397 risk plots were obtained to calculate the ecological 
risk index that represented the ecological risk of the 
plots (Fig. 3). 

 

Fig. 1. Location map of the study area 

 

Fig. 2. Land use and land cover maps of Guangxi Xijiang river basin in 1990 (a), 2000 (b) and 2010 (c) 

http://www.resdc.cn/
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Landscape Ecological Risk Assessment 
It is widely accepted to metric the ecological risk by 

means of the landscape indices, which is the 
consequence of the interactions between spatial 
landscape patterns and external stressors. The ecological 
risk assessment model was improved by integrating the 
hemeroby index, vulnerability index and risk loss 
degree index that with significant ecological 
implications, which is the methodology basis of regional 
landscape ecological risk assessment. 

1) Hemeroby index (Hi) 

The hemeroby index measures the extent of 
ecosystem interference caused by anthropogenic 
activities and social development factors for different 
landscape ecological systems (Walz and Stein 2014). 
Generally, the ecological risk is proportional to the 
disturbance, which means higher risk appeared as 
higher value of hemeroby index. 

The fragmentation index, separation index and 
dominance index were aggregated as the hemeroby 
index, which is ecologically well founded and fully 
reflected the external disturbance of the landscape 
ecosystem (Eq. 1). 

 𝐻𝐻𝑖𝑖 = 𝑎𝑎 ∗ 𝐹𝐹𝑖𝑖 + 𝑏𝑏 ∗ 𝑆𝑆𝑖𝑖 + 𝑐𝑐 ∗ 𝐷𝐷𝑖𝑖  (1) 
where, Hi is the hemeroby index, Fi is the fragmentation 
index, Si is the separation index and Di is the dominance 
index. The coefficients a, b and c represent the weights 
of the corresponding index with a + b + c =1. 

Considering the importance and contribution rate 
to the landscape disturbance, combined with the 
previous researches, the value of a, b and c were 

determined as 0.5, 0.3 and 0.2 respectively (Hua eta l. 
2017). 

 Fragmentation index (Fi) 

Landscape fragmentation was defined as the 
breaking up of a habitat, ecosystem or land-use type into 
smaller patches which reflected the comprehensive 
effect of human activity on the landscape and the extent 
of fragmentation of the disturbed landscape (Llausas 
and Nogue 2012). It was regarded as one of the most 
important indicators of biodiversity loss and landscape 
dynamics. 

 𝐹𝐹𝑖𝑖 = 𝑛𝑛𝑖𝑖/𝐴𝐴𝑖𝑖 (2) 
where Fi is the fragmentation index, ni is the number of 
patches for landscape i, Ai is the total area of landscape i. 

 Separation index (Si) 

The separation index indicated the extent of 
segmentation among patches for different landscape 
types. Higher Si value represented more complicated 
and discontinuous landscape distribution caused by 
human interventions (Eq. 3). 

 𝑆𝑆𝑖𝑖 = 𝐴𝐴/2𝐴𝐴𝑖𝑖  �𝑛𝑛𝑖𝑖 ⁄ 𝐴𝐴 (3) 
where, Si is the separation index, A is the total area of 
the landscape, Ai is the total area of landscape i. 

 Dominance index (Di) 

The landscape dominance evaluated the degree of 
deviation of landscape diversity compared to the 
maximum diversity or the extent that controlled by 
minority of dominating landscape types (Lohbeck et al. 
2016). It is inversely proportional to diversity, for 

 

Fig. 3. Risk plots for landscape risk assessment 
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different landscape types with same amount, the higher 
diversity corresponding to lower dominance (Eq. 4). 

 𝐷𝐷𝑖𝑖 = (𝑄𝑄𝑖𝑖 + 𝑀𝑀𝑖𝑖)/4 + 𝐿𝐿𝑖𝑖/2 (4) 
where, Qi is the amount of plots that patch i appeared 
divided by the total plots, Mi is the amount of patch i 
divided by total amount of patches, Li is the area of patch 
i divided by total area of plots. 

2) Vulnerability index (Vi) 

The vulnerability index mainly indicated the 
fragility of the interior structure of the ecosystem, 
which reflected the resistant ability of various 
landscapes to exterior interferences (Salvati et al. 2013). 
Higher vulnerability implied higher ecological risk and 
lower resistant ability. Resistant strength is bound up 
with the land use degree to a certain extent which is 
distinct for various landscape types. 

Landscape types of the study area were categorized 
into six types, with ascending order of vulnerability 
degree were: built-up land, woodland, grassland, 
cropland, water body, and unused land. The weights for 
the six land use types were assigned as 6, 5, 4, 3, 2, 1 
according to the previous study and the vulnerability 
degree (Xie et al. 2013). Then, the weights were 
normalized to obtain the vulnerability index for 
corresponding landscape types. 

3) Ecological loss degree (Li) 

The above indices were overlaid to mirror the 
degree of loss of various landscape ecosystems when 
exposed to the natural and anthropogenic disturbances 
simultaneously (Eq. 5). 

 𝐿𝐿𝑖𝑖 = 𝐻𝐻𝑖𝑖 × 𝑉𝑉𝑖𝑖 (5) 
4) Landscape ecological risk index (LERI) 

The LERI, which was spatialized by sampling the 
study area into risk plots, was developed to associate the 
landscape metrics to regional ecological risk in plot scale 
(Eq. 6). 

 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = �
Gpi

Gp
Li

m

i=1

 (6) 

where m is the number of landscape types, Gpi is the area 
of landscape i in plot p, Gp is the total area of plot p. 

Spatial Analysis 
The geo-statistical methods are regularly used 

statistical approaches, which were able to detect, 
simulate and estimate the spatial correlations and 
patterns of the geographic and ecological variables 
(Zhang and Zhang 2011). The semi-variogram function 

is adopted to incarnate the spatial dependence structure 
and heterogeneity of the ecological risk (Eq. 7). 

 
𝛾𝛾(𝑑𝑑) =

1

2𝑁𝑁(𝑑𝑑)∑ [𝑍𝑍(𝑥𝑥𝑖𝑖) − 𝑍𝑍(𝑥𝑥𝑖𝑖 + 𝑑𝑑)]𝑁𝑁(𝑑𝑑)
𝑖𝑖=1

2  

((𝑖𝑖 =  1, 2, … ,𝑁𝑁(𝑑𝑑))) 
(7) 

where d is the spatial interval distance between the two 
sample plots, N(d) is the pair of samples at distance d, 
Z(xi) and Z(xi + d) are the values of ecological risk index 
at spatial location xi and xi + d. 

The results of the semi-variogram analysis, which 
include several parameters: nugget, sill and range, 
usually indicate the spatial heterogeneity and 
dependences of the spatial variables. When distance d = 
0 and γ(d) = C0, the value was defined as Nugget. The 
Nugget could demonstrate the heterogeneity caused by 
stochastic factors. When distance d increased to Range, 
γ(d) turned to a relative steady constant and was defined 
as Sill (C0 + C1). It indicated the heterogeneity caused 
by spatial autocorrelation. The Sill represented the 
general change tendency of regional variables, with 
higher Sill represented higher degree of heterogeneity. 
The ratio of Nugget to Sill was applied to estimate the 
influence degree of stochastic factors on spatial 
heterogeneity. 

RESULTS AND DISCUSSION 

The Landscape Ecological Risk Index 
The spatial distribution of LERI in 1990s, 2000s and 

2010s were revealed in Fig. 4. The average LERI values 
of these three periods were 1.71, 1.68 and 2.25. And the 
maximum LERI values were 2.38, 2.53 and 3.09, 
respectively. The results indicated that the ecological 
risk of the Guangxi Xijiang river basin was stable from 
1990s to 2000s, yet increased markedly in 2010s. 
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The main landscape type of the basin was woodland, 
which accounted for about 67% of the study area, 
followed by cropland, grassland and built-up land. The 
area of woodland has increased by 554.40 km2 from 
1990s to 2010s. This was benefit from a series of 
afforestation policies and ecology protection projects 
since the forest coverage rate reached the lowest level in 
1985 (Zhang et al. 2017). However, the cropland and 
the grassland decreased by 326.55 km2 and 807.29 km2 
respectively. Correspondingly, the area of built-up land 
increased 433.74 km2. Much of the cropland was 
occupied by the development of the urbanization (Dang 
et al. 2015). The proportions of water body and unused 
land were relatively small with no obvious changes 
during the study period. 

Both the fragmentation and separation index of 
cropland, grassland and woodland increased after 2000s 
indicated that the external disturbances on these 
landscapes were expanded. And the dominance index of 
the cropland and grassland presented descending trend 
during the past decades which was corresponding to the 
reduction of the total area of these landscape types. 

The hemeroby index of built-up land was far greater 
than the other landscapes, which were 3.6, 2.6 and 3.9 
times that of cropland, woodland and grassland in 2010s 
respectively. It meant that higher ecological risk 
appeared in built-up land, which was in line with the 
results with higher LERI located in major cities of the 

study area, such as the provincial capital Nanning city, 
the Liuzhou city and Guilin city. 

Spatial Variation of Ecological Risk 
The ecological risk was fitted by semi-variogram 

analysis with four models (spherical, exponential, 
gaussian and linear). The results indicated that the most 
desirable fitting models for the three periods were all 
exponential model with the coefficient of determination 
closest to 1 compared to the other three models (Table 
1). 

Therefore, the exponential model was picked to 
obtain the statistical and spatial structure of the 
ecological risk semi-variogram (Fig. 5). 

The value of nugget was 0.0059 in 1990s and 
increased to 0.0207 in 2010s, which indicated the 
importance of random part of spatial heterogeneity 
increased compared to the autocorrelation part (Reza et 
al. 2016). The larger value of nugget demonstrates a 
certain process cannot be ignored at a smaller scale. 

The sill was only 0.0364 in 1990s, which manifested 
that spatial distribution of ecological risk was relatively 
uniform with small differences during that time. 
However, the sill in 2010s was more than three times 
that of 1990s, representing the amplitude of fluctuation 
of spatial heterogeneity for ecological risk increased 
significantly due to the human interventions. 

 

Fig. 4. The spatial distribution of LERI of the study area in 1990s (a), 2000s (b) and 2010s (c) 

Table 1. Model parameters of ecological risk semi-variogram analysis 
Year Fitting model Nugget Sill Nugget/Sill Range R2 

1990s 

Spherical 0.0152 0.0360 0.578 1.5100 0.957 
Exponential 0.0059 0.0364 0.838 1.3290 0.972 

Gaussian 0.0179 0.0359 0.501 1.2211 0.947 
Linear 0.0225 0.0396 0.431 2.3756 0.741 

2000s 

Spherical 0.0163 0.0362 0.551 1.5930 0.961 
Exponential 0.0087 0.0367 0.763 1.482 0.975 

Gaussian 0.0181 0.0362 0.501 1.2471 0.949 
Linear 0.0227 0.0396 0.428 2.3756 0.773 

2010s 

Spherical 0.0401 0.1112 0.639 1.8910 0.983 
Exponential 0.0207 0.1164 0.822 2.0910 0.990 

Gaussian 0.0505 0.1110 0.545 1.5814 0.973 
Linear 0.0569 0.1225 0.535 2.3756 0.875 
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The range could reflect the spatial correlation that 
anthropogenic activities acted on the landscapes (Hou 
et al. 2017). The range presented an uptrend with 13 km 
in 1990s and expanded to approximately 21 km in 2010s, 
which may attribute to the characteristic differences of 
internal causes for various ecological risk types. In the 
early times, the change of landscapes in the study area 
was mainly about agricultural activities due to the 
limitation of local landform and administrative 
boundary. After decades of development, the limitation 
was broke through by the massive land exploitation 
activities. And subsequently, the spatial distance of the 
ecological risk increased 61.54%. 

The ratio of nugget to sill represented the 
importance of stochastic factors in spatial heterogeneity 
(Fu et al. 2017). The ratio was relatively high in 1990s 
with 83.8% and 82.2% in 2010s, with no significant 
change during the study period. This revealed that the 
dominant factor for the spatial variation of the 
ecological risk was non-structural stochastic factors in 
small scale, like human interventions, compared to the 
structural factor in large scale, such as geological 
structure, soil and lithology. 

To compare the ecological risk of the three periods, 
the spatial ecological risk index of the study area were 
interpolated by applying the kriging interpolation with 
the above optimal model to generate the ecological risk 

assessment results. The grades of the ecological risk for 
the three periods were categorized by same intervals 
into very low risk (< 1.26), low risk (1.26-1.54), 
medium risk (1.54-1.82), high risk (1.82-2.10) and very 
high risk (> 2.10) to be comparable (Fig. 6). 

The spatial distribution of ecological risk presented 
noteworthy changes in 2010s contrasted to the other 
periods. The scope of high and very high risk level 
expanded with the low and very low level risk scaled 
back from 1990s to 2010s. The spatial distribution of 
ecological risk for the study area during the three 
periods exhibited analogical pattern, nothing but the 
higher level risk expanded and lower level shrunken in 
2010s on the basis of the pattern of 1990s. 

The high and very high risk level was mainly 
distributed in the northern, northwestern and eastern 
part of the study area. This is because the mountains and 
rocky desertification in karst area were primarily 
developed in northern and northwestern part of the 
river basin. The ecological environments of these 
regions were fragile and vulnerable due to the special 
geological conditions and overdevelopment of human 
activities, such as the increased bare rock, water and soil 
loss, soil erosion and so on (Tong et al. 2016). The 
downstream of the river basin also presented high level 
ecological risk which was the result of its advantageous 
geographical position. The downstream region is 

 

Fig. 5. The semi-variance function curve of ecological risk in 1990s (a), 2000s (b) and 2010s (c) 

 

Fig. 6. Spatial distribution of ecological risks in Guangxi Xijiang river basin in 1990s (a), 2000s (b) and 2010s (c) 
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adjacent to the developed region, with wide channel and 
convenient navigation to develop industry and 
urbanization prior to the other region. 

The very low and low risk level was spread in the 
center of the study area, with basin landform of low 
elevation difference, comparative thicker soil depth and 
less vulnerable geological circumstances. However, the 
ecological risk expanded in the later decades with the 
spatial distribution of very low risk level shrunken 
prominently in the 2010s to 28175.29 km2. 

Temporal Dynamic of Ecological Risk 
It is evident that the ecological risk was not very high 

in 1990s for the medium level risk accounted for the 
highest ratio with 25.38% of the study area, followed the 
very high risk and very low risk with the proportion of 
24.61% and 22.26% respectively (Table 2). 
Nevertheless, the ecological risk turned to be 
deteriorated from then on. The area proportion of high 
level risk increased 3.48% in 2000s compared to 1990s, 
which was the most varied among the five risk levels. 
The evolution from 2000s to 2010s was more significant 
than previous period, with the area ratio of very high 
risk level reached up to 32.55% and the high risk level 
ascended to 25.37%. The low risk declined to only 
3.55% and the very low risk of 13.77% correspondingly. 

The transfer matrix results provided more explicit 
details about how the ecological risk developed during 
the research periods. From 1990s to 2000s, about 20% 
of medium risk transferred to very high level risk. And 
27.72% of very low risk turned into medium risk 
(Table 3a). 

The situation of the subsequent decade was 
evidently inferior to that of before, for more than 60% 

area of very low risk developed into medium risk and 
approximate 8% retrograded to very high risk directly. 
What’s more, about 55% of medium level risk reversed 
to very high risk (Table 3b). Only 0.22% high risk level 
transferred into very low risk, with none turned to low 
risk level. And there was 33.19% area of very high risk 
converted to high risk level. 

In terms of landscape composition, the proportion 
of five levels of ecological risk for each land use type was 
also generated (Table 4). The ensemble variation 
tendency for the six land use types presented analogical 
characteristics. 

The very high ecological risk for the six land use 
types all increased in the course of the study period, 
with the grassland went up by 12.51%, the built-up land 
by 10% and the cropland 9.23%. What’s more, the area 
proportion for very low and low level ecological risk all 
declined without exception, with greater decrement for 
low ecological risk. The damping of grassland and 
cropland in low level ecological risk was considerable 
with 16.32% and 12.84% respectively.  

Table 2. The grades of ecological risk 
The risk 
grades 

1990s 1990s-2000s change of 
area (km2) 

2000s 2000s-2010s change of 
area (km2) 

2010s 1990s-2010s change 
of area (km2) Area (km2) Proportion Area (km2) Proportion Area (km2) Proportion 

Very low risk 45548.52 22.26% -4900.96 40647.55 19.86% -12472.25 28175.29 13.77% -17373.21 
Low risk 24293.51 11.87% -3474.61 20818.90 10.17% -13546.49 7272.41 3.55% -17021.11 

Medium risk 51930.03 25.38% 2034.71 53964.73 26.37% -3303.00 50661.73 24.76% -1268.29 
High risk 32501.79 15.88% 7123.44 39624.24 19.36% 12291.83 51917.06 25.37% 19415.28 

Very high risk 50349.02 24.61% -782.58 49567.44 24.22% 17029.91 66597.36 32.55% 16247.34 
 

Table 3. The ecological risk transfer matrix from 1990s to 2000s (a) and 2000s to 2010s (b) (km2) 
(a) Very low risk Low risk Medium risk High risk Very high risk Total of 2000s 
Very low risk 30536.73 5194.9 4913.47  2.45 40647.55 
Low risk 1720.29 19098.61    20818.90 
Medium risk 12626.15  35618.07  5720.51 53964.73 
High risk 0.15  1019.94 29750.15 8854 39624.24 
Very high risk 665.2  10378.54 2751.64 35772.06 49567.44 
Total of 1990s 45548.52 24293.51 51930.02 32501.79 50349.02 204622.86 
(b) Very low risk Low risk Medium risk High risk Very high risk Total of 2010s 
Very low risk 11911.86  12326.04  3200.70  88.10  648.59  28175.29  
Low risk 257.28  7015.13     7272.41  
Medium risk 25265.46  1477.73  20131.58  702.64  3084.32  50661.73  
High risk 0.41   863.13  34601.42  16452.10  51917.06  
Very high risk 3212.54   29769.32  4233.07  29382.43  66597.36  
Total of 2000s 40647.55  20818.90  53964.73  39625.23  49567.44  204623.85  
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The consequences were consistent with the above-
mentioned analyses, with the fragmentation and 
separation index of cropland and grassland increased as 
well as the decreasing of the dominance index, resulted 
in the ascending trend in high ecological risk and 
descending trend in low ecological risk for cropland and 
grassland. The transformation was mainly because the 
severe degradation of grassland and the Grain to Green 
policy that implemented since 2000s, for some cropland 
has been developed into woodland and some occupied 
by the expansion of urbanization (Yang et al. 2011, 
Zhang et al. 2016). 

On the other hand, the hemeroby index of built-up 
land was far greater than the other landscapes, which 
meant higher ecological risk appeared in built-up land. 
Along with the urban sprawl, the improvements of 
infrastructure, such as roads and ditches, have increased 
the level of human disturbance and landscape ecological 
risk. 

The evident rising of ecological risk for woodland 
could not be ignored with the ratio of high level and 
very high level risk increased by 12.56% and 6.76% 
respectively. Although the overall area of woodland was 
growing, the fragmentation and separation degree also 
raised at the same time. The newly added woodland was 
mainly developed from the cropland or newly planted, 
which was not successive with the previous landscapes. 

CONCLUSIONS 
By integrating the principles of risk assessment and 

the theory of landscape ecology and ecological risk, the 
assessment model was developed to evaluate the 
ecological risk of the Guangxi Xijiang river basin from 
1990s to 2010s to reflect the risk status of regional land 
use based on the geographic information technology, 
landscape indices and the geo-statistical methods. 

The results of the ecological model indicated that 
the ecological risk of the study area presented 
deteriorative trend since the LERI value increased 
markedly in 2010s, although it was stable from 1990s to 
2000s. 

The spatial analysis, which was implemented with 
semi-variogram model, supported to mirror the spatial 
dependence structure and heterogeneity of the 
ecological risk. The results demonstrated that the 
exponential model was optimal to acquire accurate 
simulations of the spatial patterns of ecological risk in 
the Guangxi Xijiang River basin. And the dominate 
factor for the spatial variation of the ecological risk in 
the study area was non-structural stochastic factors in 
smaller scale rather than the structural factors in larger 
scale. 

The spatial distribution of the ecological risk for the 
study area during the three periods exhibited analogical 
pattern, nothing but the higher level risk expanded and 
lower level shrunken in 2010s on the basis of the 
distribution pattern of 1990s. The high and very high 
risk level was mainly distributed in the northern, 
northwestern and eastern part of the basin and the very 
low and low risk level spread in the center of the study 
area. 

The ecological risk presented deteriorated tendency 
from 1990s to 2010s, with the very high risk level 
reached up to 32.55% and the high risk level 25.37% in 
2010s. And more than 60% area of very low risk 
developed into medium risk and approximate 8% 
retrograded to very high risk directly, as well as 55% of 
medium level risk reversed to very high risk. The very 
high ecological risk for the six land use types all 
increased in the course of the study period and the area 
proportion for very low and low level ecological risk all 
declined without exception. 

Table 4. The proportion of ecological risk for different land use types (%) 
Land use type Year Very low risk Low risk Medium risk High risk Very high risk 

Grassland 
1990s 29.61 20.70 23.92 7.10 18.67 
2000s 26.96 18.74 27.10 8.06 19.14 
2010s 20.53 4.38 29.95 13.96 31.18 

Built-up land 
1990s 28.93 15.65 29.55 10.27 15.59 
2000s 25.15 13.52 28.73 13.95 18.64 
2010s 24.76 8.46 34.49 6.70 25.59 

Cropland 
1990s 29.48 21.87 25.53 7.52 15.60 
2000s 29.58 19.77 26.42 8.28 15.96 
2010s 24.27 9.03 32.00 9.87 24.83 

Woodland 
1990s 18.76 7.43 25.53 19.84 28.43 
2000s 15.78 5.96 26.41 24.49 27.36 
2010s 9.22 1.58 21.61 32.40 35.19 

Water body 
1990s 27.59 14.98 22.40 14.61 20.42 
2000s 23.97 13.41 23.06 19.09 20.47 
2010s 23.58 6.46 30.36 17.18 22.42 

Unused land 
1990s 10.63 4.98 22.56 29.45 32.37 
2000s 12.34 3.69 18.53 36.81 28.63 
2010s 2.03 0.89 12.02 50.67 34.38 
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The conclusions indicated that land use change 
could affect ecological security and supported the 
method of ecological risk assessment based on 
landscape in the study was feasible, which was 
consistent with some other researches (Shi et al. 2015, 
Song et al. 2015). As a result, the study results could 
reflect the actual landscape ecology in the Guangxi 
Xijiang river basin and land use processes can reflect the 
influence of human activities on landscape ecology. 
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