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ABSTRACT: 
 
Urban lakes play an important role in urban development and environmental protection, and lakes are an important city card of Wuhan 
city. We calculated the lake area of in Wuhan city from 1987 to 2019 and its change over time and in space by using the MNDWI 
method and the Google Earth Engine (GEE) platform, and explored the driving force of lake area changes by using Pearson correlation 
coefficient in this paper. The results show: (1) The lakes in Wuhan city were shrinking and the total area decreased from 837.89 km² 
in 1987 to 734.10 km² in 2019 at a rate of 3.15 km² per year, but changed differently in different stages: increasing in the period of 
1987 to1993, decreasing in the period of 1993 to 2004 while being stable in the period of 2004 to 2019. (2) The lakes were mainly 
distributed in the central and eastern parts of Wuhan city (i.e., Wuchang District, Jiangxia District, and Caidian District). (3) Climate 
factors and human activities have jointly affected the changes in lake area. In terms of climate factors, the total area of lakes had a 
strong correlation with precipitation and temperature. In terms of human activities, permanent population had a moderate correlation 
with the lake changes. The study verified the feasibility of monitoring the long-term lake sequence on the GEE platform, and provided 
reference for lake protection in Wuhan city. 
 
 

1. INTRODUCTION 

Urban lakes are an important part of urban wetland ecosystem, 
with functions such as climate regulation, urban water sources, 
flood control and water storage (Xie et al., 2018; Cuffney et al., 
2010). In the context of rapid population growth and accelerated 
urbanization, the demand and use of companies around the lake 
and urban population for water resource are constantly increasing. 
The number and area of urban lakes have being greatly reducing, 
which has a serious impact on climate change, economic 
development and human activities (Zhang et al., 2015; Yang et 
al., 2015; Chen et al., 2015). Lakes are an important card of 
Wuhan city. Wuhan city has been selected as one of the three 
major water cities in the world's inland megacities, and is the ‘city 
of hundreds of lakes’. However, the area of lakes in Wuhan city 
has decreased dramatically (Deng et al., 2017), causing a series 
of environmental and ecological problems, such as waterlogging 
and unsustainable development of the city. In addition, due to the 
impact of the construction of some major projects such as the 
Three Gorges Dam, the groundwater level has dropped 
significantly, which is a serious challenge for the protection of 
lakes. Wuhan city have enacted lake protection regulations to 
curb the decline of lakes since 2000 (Liu et al., 2007; Du et al., 
2010). It is extremely important to study the long-term temporal 
and spatial changes of the lakes since it has great strategic 
significance for improving the ecological environment and the 
sustainable development of Wuhan city.  
 
Remote sensing technology, characterised as wide detection 
range, periodic data acquisition and fast data acquisition, has 
great advantages in temporal and spatial resolution (Yasir et al., 
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2020). It provides a means for monitoring the long time series of 
lakes (Qiao et al. 2019a; Zhang et al., 2014). At present, many 
scholars have studied lake changes, mainly focusing on the 
following three aspects. (1) Study on the changes of a typical 
single lake, for example, to quantify the area changes of Qinghai 
Lake, a satellite-based survey based on Landsat images from the 
1980s to 2010s has been performed by Tang et al. (2018). Zhang 
et al. (2011) used Landsat, CBERS and HJ-1A/1B satellite data 
to explore the changes of Nam Co lake. Cao et al. (2021) used 
Landsat images from 1973 to 2019 to obtain a 46-year area 
dataset for the Hongjiannao Lake. (2) Study on the spatial pattern 
of lake changes in large-scale regions, including cities, provinces, 
and metropolitan regions. For example, Qiao et al. (2019b) 
estimated 315 lakes on the Tibetan Plateau, and the results 
showed that the expansion of lakes was mainly concentrated in 
the central and northern parts of the Tibetan Plateau. Ma et al. 
(2017) studied the long time series of the lake area from 1973 to 
2015 in Wuhan city and found that the area of lakes in central 
districts of Wuhan began to decrease drastically after 1996. (3) 
The driving forces of lake changes. Both climate factors and 
human activities have been explored by mainly using correlation 
analysis of lake changes (area, lake level, water volume) and 
influencing factors. Song et al. (2015) analyzed the driving force 
of dramatic changes of Namco lake level, such as precipitation, 
annual mean air temperature, potential evaporation and mean 
relative humidity. Zhang et al. (2020) used the temperature and 
precipitation from 95 China Meteorological Administration 
stations to analyze Tibetan Plateau’s lake volume changes during 
the period of 2003-2018.  
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For monitoring the long time series of lake changes, scholars 
often use traditional remote sensing methods, which are difficult 
to acquire and process large amounts of remote sensing images. 
In recent years, the GEE has changed the traditional remote 
sensing method and provided a new means for rapidly processing 
remote sensing data (Pekel et al., 2019; Jiang et al., 2021; Zhou 
et al., 2019). For example, Deng et al. (2019) processed 75593 
scenes of Landsat images to investigate changes of open-surface 
water bodies in the Yangtze river based on the GEE platform. 
Therefore, we use the modified normalized difference water 
index (MNDWI) method (Xu., 2006) and the GEE platform to 
calculate the lake area from 1987 to 2019 and its change over 
time and in space, and explore the influencing factors of lake 
changes. The study verified the feasibility of monitoring the long-
term lake sequence on the GEE platform, and provided reference 
for lake protection in Wuhan city. 
 

2. DATA AND METHOD 

2.1 Study Area 

Wuhan city is located in the middle reaches of the Yangtze River 
and the east of the Jianghan Plain. The terrain of Wuhan city is 
flat and is dominated by flood plains. The climate belongs to the 
subtropical monsoon climate, with abundant rainfall throughout 
the year. The precipitation is concentrated in June to August, 
accounting for about 40% of the annual rainfall. Wuhan city is 
nicknamed water city, because the Yangtze River and Han River 
flow through Wuhan city, and Wuhan city includes hundreds of 
lakes, including Yanxi Lake, Nanhu Lake, East Lake, and 
Tangxun Lake. The water area accounts for about 25% of the 
city's area. Wuhan city is the largest city and the only sub-
provincial city in central China. It has 13 administrative regions, 
such as Jiang'an District, Huangpi District, Hongshan District, 
and Dongxihu District. We selected the entire jurisdiction of 
Wuhan city as the research area (Figure 1). 
 

 
Figure 1. The location of the study area. 

 
2.2 Data 

2.2.1 Landsat time series: The Landsat series of satellites 
was launched in 1972 and was jointly managed by NASA and the 
United States Geological Survey (USGS). It is the longest-
running Earth observation program. We used Landsat 4-5 before 
2012 and Landsat-8 OLI data after 2013. Based on the GEE 

platform, Landsat Surface Reflectance Tier 1 dataset is selected 
as the data set., which is the atmospherically corrected surface 
reflectance. In addition, we selected Landsat images with low 
cloud cover to ensure image quality. In order to reduce the impact 
of precipitation and seasonal changes, we selected remote 
sensing images from September to December.  
 
2.2.2 Meteorological and socioeconomic data: The 
meteorological data from 1987 to 2020 of Wuhan Meteorological 
Stations was obtained from China Meteorological Data Network 
(http://data.cma.cn/en). The dataset included temperature, 
precipitation, and relative humidity. The socioeconomic data, 
such as population, GDP and other data was obtained from 
Wuhan Statistical Yearbook. 
 
2.3 Method 

2.3.1 Lake vector extraction based on GEE platform: The 
data processing in this paper includes image preprocessing, lake 
vector extraction and accuracy verification. Image preprocessing 
and lake vector extraction are processed based on the GEE 
platform, and the accuracy verification is completed in ArcGIS. 
The six specific steps are as follows: (1) to screen Landsat 5 and 
8 series of images from September to December of 1984-2020 
based on the Landsat Surface Reflectance Tier 1 dataset; (2) to 
use the cloud removal algorithm to retain the pixels with 
cloudiness less than 20%; (3) to take the median value of each 
year's image collection for image fusion, and to crop it according 
to Wuhan city vector boundary (Figure 2); (4) to use the MNDWI 
method to extract water bodies (Xu, 2006; Chen et al., 2017), 
which can reduce the impact of urban buildings; (5) to choose an 
appropriate threshold to realize image binarization and convert it 
to vector; (6) to export the fusion images of Wuhan city every 
year and the vector files based on the MNDWI method. After 
extracting the lake vector based on the GEE platform, visual 
interpretation was performed in ArcGIS to preserve the reservoir 
and lake water bodies.  
 

 
Figure 2. Schematic diagram of fusion image (1992). 

 
2.3.2 Lake change intensity index: Lake change intensity 
index (LCII) represents the relative degree of the change in the 
area of a single lake or a region in a certain period (Wu et al., 
2019), and is calculated as follows: 
 

𝐶𝐶 = 𝐴𝐴1−𝐴𝐴0
𝐴𝐴0∗∆𝑡𝑡

∗ 100                                (1) 
 
where  𝐴𝐴0 = lake area at the beginning of the study period 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIII-B3-2021 
XXIV ISPRS Congress (2021 edition)

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIII-B3-2021-251-2021 | © Author(s) 2021. CC BY 4.0 License.

 
252



 

 𝐴𝐴1 = lake area at the end of the study period 
 ∆𝑡𝑡 = study interval 
 
2.3.3 Attribution analysis: We analyzed the correlation 
between the lake area and climatic factors and human factors in 
Wuhan city, and then explored the driving force of lake changes. 
The Pearson correlation coefficient is used to measure the linear 
correlation between two variables. It represents the quotient of 
the covariance and standard deviation between two variables. 
The formula is as follows： 
 

                            (2) 
 

where  𝑟𝑟 = the Pearson correlation coefficient 
 𝑋𝑋 = lake area  
 𝑌𝑌 = climatic factors or human factors 
 𝑁𝑁 = the number of samples 
r is between -1 and 1. If the absolute value of r is close to 1, the 
correlation between variables is stronger. In other words, the 
greater the absolute value of the correlation coefficient between 
the lake area in Wuhan and a certain factor, the greater the impact 
of this factor on the change of lake area. The value range of r is 
judged as follows: when r is less than 0.2, there is very weak 
correlation or no correlation; when r is between 0.2 and 0.4, there 
is a weak correlation; when r is between 0.4 and 0.6, there is a 
moderate correlation; When r is between 0.6-0.8, there is a strong 
correlation; when r is between 0.8-1.0, there is a very strong 
correlation.  
 

3. RESULTS AND DISCUSSION 

3.1 Lake surface area change  

Figure 3 shows the distribution of lakes from 1987 to 2019 
extracted from 18 remote sensing images by using above-
mentioned MNDWI method and Figure 4 shows the changes in 
lake areas in Wuhan city. As showed in Figure 4, in general, the 
lake areas in Wuhan city were shrinking. The total area decreased 
from 837.89 km² in 1987 to 734.10 km² in 2019 at a rate of 3.15 
km² per year, with a LCII of -0.38%. The changes in lake areas 
can be divided into three stages. Firstly, from 1987 to 1993, the 
total area of lakes in Wuhan city increased rapidly, with the LCII 
being 1.97%, which was the most dramatic period of lake 
changes in the three stages. It is probably due to the 
implementation of the “returning farmland to lake” policy in 
Wuhan city from 1990 to 1993. A large amount of farmland, 
cultivated land and other land were converted to lakes, which 
caused the total area of lakes to rise rapidly. Secondly, from 1993 
to 2004, the total lake area decreased at an average rate of 16.17 
km² per year, basically same as that from 1987 to 1993, but the 
LCII was -1.70%, lower than that of the previous stage. The 
situation was more complicated during the period of 1987-1993. 
The overall trend was downward, but the total area of lakes 
reached a peak again in 2002. Thirdly, after 2004, the total area 
of lakes was stable, with the LCII being only -0.002%, which is 
inseparable from the lake protection management and policies of 
Wuhan city. 
 
From the spatial scale, lakes in Wuhan city were mainly 
distributed in the central and eastern parts of Wuhan city (i.e., 
Wuchang District, Jiangxia District, and Caidian District). There 
were some large lakes such as Tangxun Lake, Lu Lake and 
Liangzi Lake in Jiangxia District. Wuchang District had the 
famous East lake. 
 

 
Figure 3. Distribution of lakes from 1987 to 2019. 

 

 
Figure 4. Changes in the area of lakes in Wuhan city. 

 
3.2 Lake changes associated with climate factors and human 
activities  

Climate factors and human activities have jointly affected the 
changes in lake area. Among climatic factors, precipitation and 
evaporation directly affect lakes, while temperature affects the 
transmission speed of water vapor flux, and indirectly affects lake 
changes. Since evaporation data cannot be obtained, three 
indicators of average temperature, precipitation, and relative 
humidity are finally selected. Social and economic data are often 
used to measure the intensity of human activities. The four 
indicators of population, Gross Domestic Product (GDP), the 
gross output value of agriculture, forestry, animal husbandry and 
fishery, and the area of arable land are selected. We used the 
Pearson correlation coefficient to analyze the correlation between 
the lake area and influencing factors.  
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In terms of climate factors, the total area of lakes in Wuhan city 
had a strong correlation with precipitation and temperature, and 
a weak correlation with relative humidity (Figure 5). The 
precipitation in Wuhan City has shown a downward trend as a 
whole and the precipitation dropped from 120.78mm to 87.78mm 
with an average decline of 1mm per year. It is divided into three 
stages: increasing period, decreasing period and stable period, 
which is very similar to the lake changes. The average 
temperature was negatively correlated with the lake changes. In 
the past 30 years, the average temperature has risen at a rate of 
0.02℃ per year. The increase in temperature will accelerate the 
transmission of water vapor flux and increase evaporation to a 
certain extent, resulting in the shrinkage of the lake. Relative 
humidity indicates the amount of water vapor in the air, and a 
humid climate is conducive to the expansion of lakes. The 
correlation coefficient between relative humidity and lake area 
changes was 0.37 (weak correlation). The relative humidity 
dropped rapidly before 2004, and the relative humidity rose again 
after 2004. The overall trend of relative humidity was decreasing. 
The lake area in Wuhan city reached the largest in 1993 when the 
temperature was the lowest (16.22°C) and the precipitation was 
large (132.05mm). In 2004, the total lake area in Wuhan city was 
the smallest when the temperature was higher (18.27℃) and the 
average humidity was the lowest (69.58%). In summary, the 
lakes are sensitive to climate changes, and the impact of climate 
factors on the lake changes in Wuhan city is very significant.  
 

 

Figure 5. (a) Correlation between precipitation and lake area 
(r=0.73); (b) Correlation between temperature and lake area (r=-

0.70); (c) Correlation between relative humidity and lake 
area(r=0.37). 

 
In terms of human activities, the four indicators had a certain 
correlation with the lake area changes in Wuhan city. Among 
them, permanent population had a moderate correlation with the 
lake changes (r = -0.48), GDP and total agricultural output value 
were weakly correlated with lake changes, and the correlation 
between cultivated area and lake changes was extremely low 
(Figure 6). As the core city of the six central provinces, Wuhan 
city has rapidly increased its urbanization rate and population. 
The population in 2019 was about twice that of 1987. The 
population growth led to a rapid increase in water demand and 
the rapid development of urbanization led to the emergence of 
the phenomenon of "building cities around lakes". Agriculture, 
forestry, animal husbandry and fishery are industries that require 
huge amounts of water. The increase in the total output value of 
agriculture, forestry, animal husbandry and fishery will 
inevitably consume a lot of water resources. Therefore, the lakes 
in Wuhan were shrinking in general. In addition, large-scale 
water conservancy projects such as the Three Gorges Dam and 
the Hanshui South-to-North Water Diversion Project have also 
caused certain impacts on lake changes. The construction of 
large-scale water conservancy projects led to a decrease in the 
groundwater level, and the lack of effective water supply for the 
lake caused the lake to shrink.  
 
Through the analysis of the correlation, it can be found that the 
correlation between precipitation and temperature is higher than 
that of social and economic indicators, but it does not mean that 
climatic factors are the main driving force of lake changes. On 
the one hand, society and economic indicators cannot completely 
replace the impact of human activities on lakes. On the other hand, 
the Yangtze River and Han River converge in Wuhan, and the 
impact of these two rivers on the lake has not been quantified. 
Therefore, it is difficult to judge the main driving force of the 
lake changes, but it can be concluded that climate factors and 
human activities together have caused lake changes. 
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Figure 6. (a) Correlation between permanent population and 

lake area (r=-0.48); (b) Correlation between GDP and lake area 
(r=-0.33); (c) Correlation between total agricultural output value 
and lake area (r=-0.37); (d) Correlation between cultivated area 

and lake area (r=0.15). 
 

4. CONCLUSION 

Lakes are an important city card of Wuhan city, and it is 
extremely important to study the long-term changes of the lakes 
since it has great strategic significance for improving the 
ecological environment and the sustainable development of 
Wuhan city. We used the MNDWI method and the GEE platform 
to calculate the lake area from 1987 to 2019 and its change over 
time and in space, and explore the influencing factors of lake 
changes. Overall, this study provided the following conclusions: 
(1) In general, the lakes in Wuhan city were shrinking and the 
total area decreased from 837.89 km² in 1987 to 734.10 km² in 
2019 at a rate of 3.15 km² per year. The changes in lake area were 
divided into three stages: increasing in the period of 1987 to1993, 
decreasing in the period of 1993 to 2004 while being stable in the 
period of 2004 to 2019. (2) Lakes in Wuhan city were mainly 
distributed in the central and eastern parts of Wuhan city (i.e., 
Wuchang District, Jiangxia District, and Caidian District). (3) 
Climate factors and human activities have jointly affected the 
changes in lake area. (4) The study verified the feasibility of 
monitoring the long-term lake sequence on the GEE platform, 
and provided reference for lake protection in Wuhan city. 
Proactive land planning for urban sustainable development 
should consider urban lake protecting. 
 
In the future, lake area can be combined with lake levels to 
estimate lake water volume. The measurement of the lake level 
includes in-situ measurements and satellite altimetry. Satellite 
altimetry includes radar altimetry and laser altimetry, and lake 
level measurement results from satellite altimetry have been 
shown to help monitor seasonal and inter-annual lake level 
changes (Song et al., 2014; Wang et al., 2013). Lake water 
volume is the integral of the relationship between lake area and 
water level (Duan et al., 2013; Smith et al. 2009). The long-term 
lake changes will provide a scientific basis for sustainable 

development of water resources and ecological environment 
protection in the Wuhan city. 
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