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A B S T R A C T   

Normalized Difference Vegetation Index (NDVI) is widely used to represent the greenness indicator for the 
Ecological Environment Quality (EEQ) assessment based on the traditional Remote Sensing Ecological Index 
(RSEI). However, NDVI saturation issues are reported in agriculture and forest ecosystems at high greenness and 
biomass, creating a challenge when using NDVI to reflect the greenness components for forest EEQ assessment. In 
this paper, three-dimensional greenness (TDG) was obtained by the Forest Canopy Height (FCH) and Fractional 
Vegetation Cover (FVC) to quantify the forest greenness. The NDVI of RSEI was replaced with TDG to establish an 
improved remote sensing ecological index (TDRSEI) for the forest EEQ evaluation in the Central Yunnan, China. 
Moreover, we analyzed the difference between RSEI and TDRESI by qualitative and quantitative means and 
discussed deeply the optical saturation of NDVI by the quadratic function. The results shown that there were 
similar spatial distribution patterns and a strong correlation between TDG and FCH, Leaf Area Index (LAI), FVC, 
and NDVI, the TDG can be used to replace NDVI for reflecting forest greenness. The standard deviation of TDRSEI 
from the same FCH pixels was all less than that of RSEI, the absolute correlation coefficient between TDRSEI and 
ecological components were all greater than 0.63, and the mean values of TDRSEI (0.73, 0.84, and 0.90) from the 
relatively high FCH (20 m, 25 m, and 30 m) were greater than RSEI (0.71, 0.78, and 0.85), showing that the 
TDRSEI were more stable than RSEI for forest EEQ assessment and it can improve the EEQ in the high FCH. In 
Central Yunnan, China, the forest EEQ from TDRSEI and RSEI maps both increased with the growth of FCH, the 
distribution of RSEI had no significant difference between the low FCH and the high FCH, while the mean values 
of TDRSEI increased linearly with FCH growth. Besides, the ecological saturation points of TDRSEI and RSEI 
corresponding to the FCH were 19.50 m and 34.02 m, respectively. Therefore, TDRSEI method integrates the 
three-dimensional greenness to evaluate the forest EEQ objectively.   

1. Introduction 

Forest, the largest ecosystem of terrestrial, provides a rich material 
basis for the survival and development of human beings and different 
organisms (Baowen, 2020). However, large areas of forest degradation 
and fragmentation due to human subsistence activities and natural 
environmental change, which has caused a sequence of ecological 
problems such as soil erosion, land degradation vegetation fragmenta-
tion, biodiversity loss (Liu et al., 2022d; Zhu et al., 2019), etc. These 

problems have hindered the sustainable development of the environ-
ment and have attracted widespread attention (He et al., 2000; Su et al., 
2010). In addition, previous studies have shown that the EEQ of forest 
land is generally higher than other land, and spatial–temporal changes 
of EEQ are strongly related to forest greenness (Giri et al., 2011; 
Guangyi, 1995; Wang et al., 2022). Consequently, it becomes crucial to 
conduct a scientific and objective evaluation of the EEQ across various 
levels of forest greenness. 

The region EEQ was primarily evaluated early in ecosystem 
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Abstract: Xishuangbanna is a major natural rubber and tea production base in China and a national
nature reserve with the best-preserved tropical ecosystem. However, the extensive exploitation
and use of land resources impact the land use/land cover (LULC) and the processes of regional
landscape ecology, further causing a battery of ecological and environmental problems. It is necessary
to evaluate landscape ecological risk objectively and quantitatively for improving the ecological
environment and maintaining ecological balance. First, this study selected China Land Cover Dataset
(CLCD) to analyze the changes in LULC. Second, we constructed the landscape ecological risk index
(ERI) using LULC changes based on Google Earth Engine (GEE) platform. Third, the spatial-temporal
pattern and spatial autocorrelation of landscape ecological risk were assessed in our study area.
The results showed that the significant change in LULC was that the areas of cropland increased,
and the areas of forests decreased during 1990–2019; the forests of a total area of 859.93 km2 were
transferred to croplands. The landscape ecological risk kept a low and stable level from 1990 to 2019,
more than 75% of the study area remained at the lower or lowest risk level, and in about 70% of the
total study area, the ERI level maintained stability. In addition, the landscape ecological risk of the
Xishuangbanna increased during 1990–2010 and decreased during 2010–2019. The ecological risk was
a significant spatial autocorrelation and has been an aggregation trend in space from 1990 to 2019.
Our research can identify key risk areas and provide a reference for the management and sustainable
use of land resources, which promotes the understanding of landscape ecological risk and sustainable
development of the ecological environment.

Keywords: landscape ecological risk; Xishuangbanna; land use/land cover; spatial-temporal pattern;
spatial auto-correlation analysis

1. Introduction

With the acceleration of the world’s industrialization process, global ecological prob-
lems have become increasingly prominent [1]. The realization of ecologically sustainable
development has become a common target for all human beings. Due to the growth of the
population and the development of economics in the past decades, the change rate of land
use/land cover (LULC) accelerated, and the land use intensity was an increasing trend
in Xishuangbanna [2]. Li et al. investigated dynamic change characteristics of LULC in
Xishuangbanna from 1996 to 2016 [3], while the forest area decreased by 297.21 km2, but
the rubber area increased by 537.93 km2. After, Cao et al. [4] found that the rubber area
in Xishuangbanna increased by about 3500 km2 during 1976–2015, yet forests decreased
by about 2500 km2. The building area increased 12 times and reached more than 190 km2,
with most of the increase shifting from shrub and paddy fields. In addition, the fact that the
rubber plantation area increased by 33.53% in Menglun County, Xishuangbanna, from 1988
to 2006, while forest and cropland decreased by 21.16% and 12.68%, was discovered by Hu
et al. [5]. However, the LULC shifted from tropical forests of ecological importance and
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