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To analyze the spatiotemporal distribution of forest vegetation and its relationship with ground temperature in severe water erosion areas in 
Southern China.

The spatiotemporal variations of leaf area index (LAI) at a seasonal scale of the study area, Changting County in Fujian Province, China, 
were derived and compared with ground temperature (T) in 2000-2014 through remote sensing imageries.

Average seasonal LAI of central towns (< 2.3) were less than those of other towns, and negative correlations were found between LAI and T in 
2000 and 2014. The R squares of the LAI–T relationship models were > 0.4 in 2000 and < 0.4 in 2014.

This study demonstrated that more factors were involved in the thermal effect with the increase of LAI and the multi-year conservation 
management. Conservation measures should be prioritized in the central and south-eastern areas of the county with intense erosion.

Key words: County, Leaf area index, Remote sensing, Seasonal variations,  Soil erosion grade
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types: local field measurement (Behera et al., 2010; Qu, 2019) 
and regional remote sensing estimation (Wang et al., 2018). 
Significant attention has been given to the latter group because of 
the available convenience and accepted accuracy of application. 
Regional remote sensing estimation is mainly based on the 
mechanism of visible light radiation transmission, and uses 
wave band reflectance indicators (such as various vegetation 
indices) to calculate the parameters of vegetation above ground 
through empirical models (Wang et al., 2005; Gu et al., 2012; 
Zhao et al., 2012) or physical models (Lee and Park, 2008; 
Darvishzadeh et al., 2008; Wang et al., 2010). In LAI estimation, 
remote sensing data include multi-spectral or hyper-spectral 
imageries (Kuusk et al., 2004; Soudani et al., 2006; Gray and 
Song, 2012), and multi-angular observation data (Cao et al., 
2014; Lin et al., 2019). In summary, the vegetation structure and 
its measurement in water-eroded areas have achieved fruitful 
results, but less attention has been paid toward the dynamic 
monitoring of vegetation and its ecological effects at a fine 
spatiotemporal scale through remote sensing technology.

This deficiency hinders any in-depth understanding of 
regional soil and water conservation and limits the application of 
remote sensing data with different spatial resolutions in 
conservation studies. In this study, the variation of forest LAI and 
its correlation with thermal effects were analyzed at a seasonal 
scale. County LAI at seasonal scale were derived in 2000–2014 
using Moderate Resolution Imaging Spectroradiometer 
(MODIS) data. Ground temperature (T) was estimated in 2000 
and 2014 from Landsat thermal infrared band data, and the 
spatiotemporal variations of LAI and the relationship model of 
LAI–T were established and compared.

Materials and Methods

Study area and data sources: Changting County is located at 
25°18′40′′–26°02′05′′N, 116°00′45′′–116°39′20′′E in South-
western Fujian province, China, at the southern end of the Wuyi 
Mountains, having subtropical humid monsoon climate. The 
region has an average annual temperature of 18.3°C and an 
average annual precipitation of 1,700 mm. The zonal vegetation 
is a subtropical evergreen forest, but secondary coniferous 
forests are widely distributed. The region is dominated by red soil, 
which is mostly derived from granite with poor erosion resistance, 
so it is a typical soil eroded area in Southern China. The county 
has a total of 18 administrative towns. Hetian (HT), as the most 
typical soil erosion town, will be focused on in this study. 

The data include MODIS images, Landsat images 
covering Changting County, and raster distribution maps of soil 
erosion grade. MOD15A2H data products and Landsat images 
were all from National Aeronautics and Space Administration 
(NASA). A total of 690 MOD15A2H LAI data from 2000 to 2014 
were downloaded, with an orbital number of h28v06, spatial 
resolution of 500 m, and temporal resolution of 8 days. 
Considering availability and typicalness, one set of Landsat 5 
data on November 2, 2000 and Landsat 8 data on October 8, 

Introduction

Water and soil loss are a worldwide ecological problem 
that leads to environmental degradation and rural poverty in 2.95 

2million km  land area of China. Although national forest 
restoration plans have been practiced for decades, this problem 
still exists in areas such as Southern China (Zhang et al., 2015; 
Wu et al., 2016), thus requiring further understanding on the 
mechanisms of water and soil loss. Quantitative studies on the 
changes of vegetation at a detailed scale could contribute to a 
better description of water and soil loss processes and allow for 
improved conservation measures in water-eroded areas. Soil 
erosion monitoring usually uses various models. The most widely 
used one is the Revised Universal Soil Loss Equation (Renard et 
al., 1997; Foster, 2005), which was revised from the Universal 
Soil Loss Equation proposed by Wischmeier and Smith (1965). 
These models usually simulate the process and results of 
regional soil and water loss with several influencing factors. 

The application and study of the models are often limited 
by input factors and regional conditions. The key factors affecting 
soil erosion provide a new way to study the soil erosion 
mechanism and control measures, and the biggest factor of 
concern is vegetation. In previous studies, qualitative methods 
were used to define the soil and water conservation effects of 
different vegetation types (Chirino et al., 2006; Huang et al., 2010; 
Peng and Wang, 2019). Later, quantitative parameters became 
more widespread. Among them, the earlier ones are Vegetation 
Fractional Coverage (VFC). VFC refers to the percentage of 
vertical projected area of vegetation (including leaves, stems, 
and branches) on the ground to the total area of the statistical 
area (Lu et al., 2003). Many studies have shown that VFC is 
closely related to the volume of runoff and amount of soil loss 
(Braud et al., 2001; Contreras et al., 2008; Chen et al., 2011). 
VFC mainly represents the horizontal distribution of vegetation, 
which is difficult to describe the vertical layer information of 
forests, hindering its application in soil and water conservation 
study. Consequently, the indicators that can represent vertical 
structures of forests, have attracted much attention (Izadi et al., 
2020), among which the leaf area index (LAI) is the most widely 
used one. LAI is defined as half of the total green leaf area per 
unit ground surface area (Chen and Black, 1992). 

LAI is one-sided green leaf area in broad-leaved 
canopies, and in conifers, it is based on the correction to the forms 
of leaves and shoots with conversion factors (Chen and Cihlar, 
1995). LAI is an important characteristic parameter for describing 
and analyzing forest vertical structure (Wasseige and Disfourny, 
2002). In eco-hydrological coupling simulation, LAI has become a 
key parameter for coupling ecological processes and 
hydrological processes due to its hydrological sensitivity (Lu et 
al., 2007). Some studies have shown that LAI outperforms VFC in 
soil erosion studies (Lin et al., 2014) because soil erosion 
depends not only on horizontal vegetation coverage, but also on 
the vertical structure of vegetation (Zheng et al., 2008; Wu et al., 
2014; Feng et al., 2017). The measurements of LAI include two 

644 D.L. Li et al.: Leaf area index and thermal effect



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, September 2022¨

D.L. Li et al.: Leaf area index and thermal effect 645

series; otherwise, LAI will tend to decrease. If the absolute value 
of slope value is greater, the changes in LAI become more 
obvious. The coefficient of variation (CV ) indicates the LAI

fluctuation degree of LAI and, to some extent, the fragility degree 
of regional ecosystem. CV  is the ratio of root mean square of the LAI

difference between LAI of each period and LAI mean value in 
growth season of 2000-2014 to the LAI mean value in 2000-2014 
growth season (Castagliola et al., 2011).

Analysis of relationship of LAI–T: The LAI data which the 
acquired dates were close to those of two Landsat images were 
selected for analysis of thermal effects. On the basis of soil 
erosion grade maps, the regions of interest (ROI) on both LAI and 
T images were selected randomly at approximately 200 pixels 
(500 m) for each soil erosion grade. The relationship model 
between LAI and T was established using the least square 
method and compared according to different soil erosion grades. 
Statistical analyses were performed using the software SPSS 
version 13.0 (SPSS Inc., USA). In addition, the total annual 
investment of the government in afforestation was used to analyze 
the impact of social factors on soil and water conservation.

Results and Discussion

Analysis of LAI spatiotemporal change: Seasonal LAI of 
Changting County ranged from 2.2 to 3.6 (Fig.1a) with marginal 
annual variations (<0.3). In 2000–2014, LAI were greatest in 
summer and autumn, followed by spring and winter. In general, 
the average LAI of each season showed a slight increasing trend, 
especially after 2011 (except autumn). LAI of towns changed in 
similar ways as at the county scale. Hetian Town is used as an 
example. As shown in Fig.1b, the seasonally averaged LAI over 
the 15-year period of Hetian Town present better seasonal 

2014 were acquired online. The distribution map of soil erosion 
grade in 2000 and 2014 were acquired from the Changting Soil 
and Water Conservation Bureau.

Extraction of LAI and ground temperature: For MOD15A2H 
data products, the Lai_500 m band and its corresponding quality 
data FparLai_QC were extracted in batches using MRT software. 
Lai_500 m was masked with quality data to eliminate unreliable 
data. According to the quality documents, the unqualified pixel 
values were replaced by the average of earlier and later periods 
(different year, same pixel) or the average of adjacent pixels 
(same year, adjacent pixels). Radiometric calibration and 
atmospheric correction were performed on the downloaded 
Landsat images. All remote sensing images were assigned 
WGS84_UTM50N as a geographical coordinate system, and the 
images were clipped according to the boundary of the study area 
using the software ENVI version 5.1. Ground temperature (T) was 
calculated with Landsat data following the method of Liu et al. 
(2016). After radiometric calibration, the digital numbers of 
thermal infrared band were computed to their corresponding 
thermal radiation intensity values. Then, thermal channel radiance 
was transformed into brightness temperature. The inversion model 
proposed by Artis and Carnahan (1982) was used to retrieve T. 
Emissivity was acquired by VFC according to the formulas 
proposed by Markham and Barker (1985) and Snyder et al. 
(1998). The T images and soil erosion grade were resampled to 
500 m to correspond to the spatial resolution of LAI data.

LAI change statistics: To analyze the change of LAI in different 
periods, the trend slope and coefficient of variation were 
calculated. The trend slope was calculated to fit the LAI trend with 
time by linear regression analysis (Ma and  Veroustraete, 2006). 
If the slope is positive, then LAI will tend to increase with the time 
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Fig.1: Seasonal average leaf area index (LAI) from 2000 to 2014 of Changting County (a) and Hetian Town (b).
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discrimination than those of Changting County for large-scale 
reforestation and other treatment work. The seasonal average 
LAI were lower than those in Changting County, but their annual 
growth rate was generally faster than that at the county. 

This shows that Hetian Town, as the township with the 
most serious soil and water loss in Changting County, has 
remarkable soil and water conservation effect (Yang et al., 2021). 
Phenological changes of natural vegetation and economic crops, 
physical conditions such as rainfall, and government investment 

are the main factors affecting the spatiotemporal changes of LAI 
in this study. Most LAIs were higher in summer and all autumn and 
least in winter. This may be due to the evergreen broad-leaved 
forests that densely covered the area (Xie et al., 2014), including 
mainly Schima superba Gardn. et Champ, Cinnamomum 
camphora, Cunninghamia lanceolata, Elaeocarpus decipiens 
Hemsl., and Myricarubra (Lour.) Zucc. These vegetations grow 
continuously in summer and autumn, while new shoots may 
emerge again in spring. During winter, the fallen leaves of 
deciduous trees like Liquidambar formosana, Koelreuteria 
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Fig. 2: Government investment in water and soil conservation work (a) and afforestation area of Changting County (b) from 2010 to 2015.

Fig. 3: The average Leaf area index (LAI) from 2000 to 2014 of Changting County (a) and administrative towns (b).

N (a) (b)

0     5     10 km

LAI

3.63

0

> 2.9
2.6 - 2.9
2.3 - 2.6
<2.3

LAI

YG

XC

TUF

ZT
SZ

HS

SD

GC

CW

DT

TC AJ

XQ

GQ

TOF

NS

HT



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, September 2022¨

D.L. Li et al.: Leaf area index and thermal effect 647

conservation (Sun et al., 2013; Sobol et al., 2017). Social factors 
were also involved in LAI changes. The state and local 
governments have invested a lot of money to restore the ecology 
through afforestation, which has significantly increased the 
vegetation coverage in relevant areas (Deng et al., 2012; Zhu et 
al., 2015), According to the Chinese National Government 
funding for afforestation in the study area from 2011 to 2015 (Fig. 
2a), the funding in 2012 was the highest (85 million RMB Yuan, 
equal to approximately 12.3 million US dollars), when the area of 
afforestation was at its greatest (1730 ha, Fig. 2b). Therefore, the 
effect of phenology, seasonal precipitation, and government 

paniculata, and Sapindus mukorossi Gaertn (Wang et al., 2021), 
result in the decline of LAI. The LAIs of summer were generally 
greater than those in autumn, mainly due to increase in Castanea 
mollissima planting and other economic crops in central areas 
(Huang et al., 2014). Leaves of such economic trees and crops fall 
in autumn, result in overall higher LAIs in summer than in autumn. 
High temperature and rainy summer and autumn are also 
important reasons for the highest LAI in these two seasons.

Relevant studies have confirmed that rainfall can also 
become the major influencing factor in soil and water 
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Fig. 5: Absolute slope value (a) and model determination coefficient (b) of the linear relationship model between vegetation leaf area index (LAI) and 
ground temperature (T) under different soil erosion grades in 2000 and 2014.
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investment should be considered in the allocation of vegetation in 
conservation management practice. Seasonal average LAI of the 
west were greater than those of the southeast in 2000–2014 (Fig. 
3a), and those of the center area were lower than those of the edge 
area (i.e., outside part) in the county. LAI of the west and south edge 
areas were highest (> 2.6), followed by the southeast and north 
parts (2.3 –2.6). The center areas were the lowest (< 2.3). Average 
LAI for each town showed further LAI spatial distribution (Fig. 3b). 
Two central towns, Hetian (HT) and Sanzhou (SZ), showed the 
lowest LAI, while higher LAI were found in five neighbor towns: 
Xinqiao (XQ), Cewu (CW), Zhuotian (ZT), Tufang (TUF), and 
Nanshan (NS). The remaining towns on the north, west, and 
south-east edges of the county presented the greatest LAI. These 
results are similar to those of Yang et al. (2016). In respect of 
space, priority of conservation measures should be given to the 
areas with intense erosion in the central and south-eastern areas 
of the county, where artificial forests and low-efficiency forest 
reconstruction should be conducted to accelerate overall 
vegetation restoration. For mild erosion areas like the south-
western part of the county, conventional measures, including hill 
closing to facilitate afforestation, should be maintained.

LAI showed a marginal increasing trend in Changting 
County from 2000 to 2014. Soil erosion showed some decline 
(Fig. 4), especially the Slight and Heavy grades, indicating the 
contribution of soil and water conservation measures in the study 
area (You et al., 2016). In general, conventional controlling 
measures like vegetation methods need to be maintained and 
improved according to the spatiotemporal characteristics of the 
eroded area (Lu et al., 2019). The ecological restoration of 
Changting County is a long-term process (Wu et al., 2016). Other 
studies have showed that for the areas with low vegetation 
coverage (less than 48.5%), the ecological effect will not appear 
until 10 years after the implementation of vegetation restoration 
measures (Cao et al., 2017). Additional consideration should be 
given to plant trees, shrubs grasses, as well as economic crops in 
different seasons (Ling et al., 2017) to achieve better 
conservation effects of integrated vegetation coverage.

Relationships of LAI-T for different soil erosion grade: To 
evaluate the thermal effects of LAI, the relationship models 
between LAI and T were established using the least square 
method. In 2000 and 2014, the slope of the LAI–T relationship 
model was negative, i.e., when LAI was greater, the ground 
temperature was lower, which is consistent to related studies (Xu 
et al., 2013). The absolute slope values of the models were 
between 0.8 and 1.9 (Fig. 5a). The soil erosion grade included, 
from low to high degree, slight, heavy, and severe. When the 
model absolute slope of the soil erosion grade (Heavy) was at its 
highest, other grades were smaller, which indicated that the 
Heavy grade led the most significant thermal effect, followed by 
Slight or Severe grade. The absolute slope values of the LAI–T 
model at all soil erosion grades in 2014 were less than those in 
2000, indicating that the overall thermal efficiency was 
significantly reduced with the increase in LAI and the 
management of soil erosion in the last 15 years. Xu et al. (2014) 

also demonstrated that the control of soil and water loss in 
Changting County has reduced the difference between 
vegetation temperature and surface temperature by nearly 20%. 

2The determinant coefficients (R ) of the LAI–T relationship model 
under different soil erosion grades in 2000 and 2014 also 
changed significantly (Fig. 5b). The R squares at all soil erosion 
grades were > 0.4 in 2000 and < 0.4 in 2014, showing decreased 
certainties of LAI–T relationship models. 

Several factors affect the thermal effect with the increase 
of LAI and the multi-year soil erosion management. With the 
increase of soil erosion grades, the R squares of LAI–T model 
increased initially and then decreased in 2000, with the greatest 

2R  at the Middle erosion grade. The R squares increased steadily 
with the soil erosion grades in 2014, indicating that when soil 
erosion was severe, the thermal effect of vegetation was evident, 
which is similar to the results of Xu et al. (2014). Precipitation and 
temperature are also important climatic factors affecting 
vegetation change (Dai et al., 2014; He et al., 2015). Compared 
with precipitation, temperature plays an more important role in 
vegetation cover change in Southern China. The rapid rise of 
temperature will enhance evapotranspiration and inhibit 
vegetation growth (Wang et al., 2018).

Using 15-year MODIS data, the seasonal LAIs of 
Changting County were derived and compared, and their thermal 
effect was analyzed via relationship models between LAI and T. In 
the past 15 years, the LAIs of Changting County had shown a 
slight upward trend. The LAIs of the central areas after treatment 
were still less than that of the surrounding areas of the County. 
Lower LAI-T linear model absolute slopes of all soil erosion 
grades indicated decreasing thermal efficiency after 15-year 
management of soil erosion. Conservation measures should be 
prioritized in the central and south-eastern areas of the county 
with intense erosion.
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