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High-resolution circa-2020 map of 
urban lakes in China
Chunqiao Song  1 ✉, Xingan Jiang1,2 ✉, Chenyu Fan1,3 & Linsen Li1,4

Urban lakes provide important ecological services to local communities, such as flood mitigation, 
biodiversity, and recreation. With rapid urbanization, urban lakes are significantly affected by socio-
economic development and urgently need attention. Yet there is still a lack of datasets that include tiny 
urban lakes on a global or national scale. This study aims to produce a high-resolution circa-2020 map 
of urban lakes (≥0.001 km2) in China. The 10-m-resolution Sentinel-2 imagery and a simple but robust 
water extraction method was used to generate waterbodies. The accuracy of this national-scale dataset 
was evaluated by comparing it with manually sampled urban units, with the average accuracy of 81.85% 
in area and 93.35% in count. The database totally inventories 1.11 × 106 urban lakes in China, with a 
net area of ~2.13 × 103 km2. Overall, the spatial distribution of urban lakes in China showed strongly 
heterogeneous characteristics. This dataset will enhance our understanding of the distribution pattern 
of China’s urban lakes and contribute to better ecological and environmental management as well as 
sustainable urban development planning.

Background & Summary
Lakes comprise a critical component of global hydrological and biogeochemical cycles and provide essential 
resources for human and ecosystem well-being1–5. In recent years, accelerating climate changes and intensive 
anthropogenic disturbances have exerted pronounced influences on global lakes. In return, they impact the 
regional climate and available water resources for human society6–10. As lakes serve as an integrative indicator 
of climate and environmental changes as well as human interventions within their drainage basins, knowledge 
of the abundance and distribution of lakes is thus very crucial for a wide range of socioeconomic, political, and 
scientific interests.

Urban lakes are widely deemed as artificial ecosystems, usually small in size and shallow in depth11. The 
environmental quality of life in urban areas is directly related to the access to urban lakes for their different 
functions. Through their ecological and functional characteristics, urban lakes can provide numerous ecosystem 
services closely related to human well-being, such as fishing, flood mitigation, reeding, phosphorus, and nitroge-
nous retention, biodiversity, maintaining species population and habitats, regulation of the urban microclimate, 
as well as educational and recreational services12–16. As urban lakes can most effectively emit longwave radia-
tion to cool the surface and efficiently consume shortwave radiation through evaporation17,18, the urban design 
embedded with them can provide cooling benefits and reduce human exposure to heat stress19,20. In Europe, the 
climate change mitigation and adaptation plans adopted by urban administrations are intensively based on green 
(vegetation cover) and blue (waterbodies) solutions21,22. The case study on two of the largest lakes of Bucharest 
(i.e., Herăstrău and Morii) confirm that the extent of the thermal influence depends both on the characteristics 
of the water bodies23. These small urban lakes also differ from those larger and more intensively investigated 
lakes in terms of physical and biogeochemical conditions and processes24. For example, they tend to be high 
in dissolved organic matter, dissolved CO2, and nitrogen concentration25–28, and therefore more significantly 
impact methane production29,30 and CO2 efflux31,32.

Urban lakes, whether natural or man-made, are very different from other non-urban lakes: they are shallow, 
relatively small, highly artificial, and often hypertrophic, yet more people come into contact with them11. Given 
the direct impacts of human activities in urban areas, urban lakes are considered as one of the most vulnerable 
freshwater ecosystems in the world33. Globally, 55% of the world’s population lived in urban areas in 2018, and 
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this proportion is projected to be 68% by 205034. Over the past several decades, urbanization, a major way of 
the Earth’s surface alteration. Rapid urbanization has been posing increasingly significant threats to the urban 
scenery waterbodies35, and has resulted in various environmental and ecological problems36. At present, the con-
servation of urban lakes is facing severe challenges37–39, such as the continuous reduction in the lake area, water 
eutrophication or pollution40,41, and the degradation of riparian vegetation and biotopes42,43, which hinder the 
development of the economy and destructed urban landscape. Hence, there is a pressing need to conduct inten-
sive research to grasp the information on the urban lake distribution and characteristics in the context of rapid 
urbanization to benefit the informed decisions for lake managers and to guide future city development better.

China has experienced an accelerated expansion of cities since the 1978 implementation of economic 
reforms44,45, which accompany ever-greater demands on services that nearby and distant aquatic ecosystems 
provide46. Triggered by rapid urban sprawl and population growth, Chinese urban lakes have been seriously 
influenced by intensive land-use changes. Consequently, the conflict between rapid urbanization and the main-
tenance of urban lakes in China urgently needs to be addressed47. There has been a long-standing concentration 
of research efforts on areal variations of the national-scale lakes (>1 km2) in China4,9,48–53, but with incomplete 
coverage of the urban lakes. The pioneering studies on urban lakes in China involve a wide range of topics, for 
example, the distribution and variability of urban lakes and the associations with land-use changes33,47,54, water 
quality deterioration due to anthropogenic disturbances55–57, and the effects of water bodies on urban micro-
climates and matter58–60. Yet these studies mostly focus on the individual or a few lakes in a local area or at a 
single-city level (e.g., Wuhan City in Central China)61,62. For the national-scale study, Xie et al.63 first performed 
a remote sensing investigation of the spatiotemporal variations of urban lakes in China’s 32 major cities between 
1990 and 2015 and revealed that the urban lakes experienced drastic shrinkage and landscape fragmentation in 
the past 25 years. Overall, the spatial distribution, abundance, and landscape characteristics of the lakes in all the 
urban areas of China yet remained largely unknown.

The objective of this study is to provide a high-resolution map of urban lakes (surface water area ≥0.001 km2) 
in China. First, we used high-resolution Sentinel-2 imagery acquired in circa-2020 (2019–2021) and a water-
body index method that was designed for urban areas to generate preliminary waterbody extraction results in 
China at a 10-m spatial resolution on Google Earth Engine. After converting to vectors, the waterbody extrac-
tion results were filtered based on the spatial relationships with urban area boundaries to remove non-urban 
waterbodies. Then, combined with sub-meter resolution historical satellite imagery, we manually removed 
non-lake water bodies, such as rivers, paddy fields, fish ponds, etc., and edited the missing urban lakes. Using 
high-resolution remote sensing images and a waterbody index method that was designed for urban areas, the 
dataset mapped the waterbodies of urban lakes in China, and defined three kinds of waterbodies as urban lakes 
according to the spatial relationships between lakes and urban boundaries with the GUB data for reference. This 
dataset is mainly designed to fill the gaps in a complete inventory of urban lakes in China as well as to better 
understand the distribution and characteristics of urban lakes in the context of rapid urbanization.

Methods
Study data. Sentinel-2 data. Sentinel-2 includes two polar-orbiting satellites (Sentinel-2A and -2B, respec-
tively launched in June 2015 and March 2017, https://sentinel.esa.int/web/sentinel/missions/sentinel-2). The 
revisit period for a single satellite is ten days, and the combined use of double satellites can reach 3–5 days. 
The multispectral imager (MSI) carried by the Sentinel-2 satellite includes 13 spectral bands from visible light, 
near-infrared, short wave infrared, of which the spatial resolutions ranging from 10 m to 60 m64. In the Google 
Earth Engine (GEE) platform, Sentinel-2 Level-1C data is the atmospheric surface reflectance data produced 
after orthophoto correction and fine geometric correction, and Sentinel-2 Level-2A data has been processed 
with atmospheric correction based on L1C data. In this study, we selected Sentinel-2 Level-2A data to extract the 
waterbody. The Red-Green-Blue bands and the NIR band with high resolutions of 10 m were used to produce a 
10 m resolution dataset of urban lakes in China.

Global urban boundaries dataset. The Global Urban Boundaries (GUB) dataset provides a physical boundary 
of urban areas65. Li, et al.65) combined the kernel density estimation method, the urban growth model, and the 
morphological method to generate the urban boundary from 1 km impervious surface area (ISA) data aggregated 
from the global artificial impervious area (GAIA). Finally, the small holes which may be caused by green space or 
water were filled to retrieve the final boundaries. The high spatial resolution of the dataset and its global coverage 
makes it popular and widely used66,67. At present, the GUB data is available in seven typical years (1990, 1995, 
2000, 2005, 2010, 2015, and 2018). We chose the dataset of 2018 as the reference for urban boundaries to define 
urban lakes. The dataset can be accessed from http://data.ess.tsinghua.edu.cn.

World imagery wayback. The World Imagery Wayback is a project conducted by ESRI which is aimed to pro-
vide high-resolution satellite and aerial imagery for most parts of the world. It provides users with access to 
the different versions of World Imagery created from 2014 to now, and every item can be accessed directly in 
ArcGIS. Although it has a high update frequency, it does not update images of the entire global regions or differ-
ent zoom levels every time, which means that the latest products may also include historically acquired imagery. 
So, in most cases, the newest imagery is more desirable and typically preferred. In this study, we used this 
high-resolution imagery for manual visual interpretation and accuracy evaluation. We chose the latest version 
(2021-12-21) for reference when eliminating those which do not belong to urban lakes from the initial water 
extraction results by manual visual interpretation. The high-resolution data can be accessed from https://www.
arcgis.com/home/item.html?id=534b917ee7c7472aa416f4b2f8b24f80.
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production of urban lakes. Definition and conceptual diagram of urban lakes. In this study, we defined 
three kinds of water bodies as urban lakes according to the spatial relationships between lakes and urban bound-
aries with the GUB data for reference (see Fig. 1). First, the lakes (Type-1) which completely fall in the extent of 
GUB were the most common and typical (e.g., Kunming Lake in Beijing City, Xuanwu Lake in Nanjing City, etc.). 
Second, the lakes are not completely contained in the scope of GUB but intersect with the boundary (Type-2). This 
kind of lake is located on the periphery of the city or town. The third kind of lakes, which are especially large and 
adjacent to principal cities, do not intersect with GUB but are well known to the public as urban lakes (Type 3). In 
this study, there are a total of 14 lakes of this type inventoried in the dataset. Considering its particularity, we sepa-
rate them in a single data layer from the first two kinds of urban lakes. Thus, these 14 urban lakes are not included 
in the statistical analysis of the result part of this article and are only described in the part of “Usage Notes”.

Production process of the circa-2020 map of urban lakes. In this study, we used a Two-Step Urban Water Index 
(TSUWI) method68 to detect urban waterbody, which was designed for water extraction in urban areas based 
on high-resolution imagery. TSUWI is composed of two remote sensing indices, Urban Water Index (UWI) and 
Urban Shadow Index (USI). UWI is designed to effectively distinguish water and urban shadows from other 
non-aqueous types, while USI is designed to remove the urban shadows contained in the UWI extraction results. 
TSUWI refers to the combination of UWI and USI. If both indices are greater than the threshold, it can be con-
sidered as waterbody, and the recommended threshold of these two indexes is both 0. So, in this study, we con-
sidered that pixels with UWI and USI greater than 0 are water bodies. The two indices are calculated as follows.

= − . × − . × + .
− . × − . ×

UWI G R NIR
G R NIR

1 1 5 2 0 4
1 1 5 2 (1)

USI G
R

NIR
G

B
G

0 25 0 57 0 83 1 0
(2)

= . × − . × − . × + .

where B, G, and R represent the blue, green, and red bands of Sentinel-2, respectively. NIR is the Sentinel-2 
near-infrared band. These bands are all of the 10-m spatial resolution.

To produce the circa-2020 map of urban lakes in China, we selected Sentinel-2 images with a cloud coverage 
assessment of less than 20% in 2019 – 2021 and used their ‘QA60’ bands to remove the cloud. These images were 
placed into collections and then spatially overlapped into a composite image, and each pixel represented the 
median value of this pixel in all images. After calculating UWI and USI from the composite imagery, pixels with 
both UWI and USI greater than 0 were considered as the preliminarily extracted water bodies. All these steps 
were completed on GEE (see the code at https://doi.org/10.6084/m9.figshare.20583558)70.

Based on the preliminary waterbody extraction data, we screened the results according to the definition of 
urban lakes. By overlapping with the World Image Wayback imagery, we manually removed non-lakewater bod-
ies (e.g., rivers, fish farms, etc.) within or near the urban areas. Despite the strict quality control, a small amount 
of noise may still exist due to the complex environment of urban elements and uncertainties in the GUB data. 
We eventually keep the lakes with an area of more than 10 pixels (0.001 km2) as the smaller ones tend to be more 
neglected in the quality assurance. In the process of manual inspection, there were a few urban lakes that had not 
been detected in the initial mapping results due to the extremely turbid water conditions or imagery quality. We 
recorded these locations and screened the local single-scene cloudless imagery. Then we extracted these missing 
urban lakes by the OSTU method69 or manual digitization and added them back to our quality-control results. 
The working flows as described above are illustrated in Fig. 2.

Accuracy evaluation by comparing with the data from manual digitization. In order to better understand and 
quantitatively evaluate the accuracy of our dataset, we randomly selected 9 square grids with a size of about 5 km 

Fig. 1 The conceptual diagram of three kinds of urban lakes where the brown dashed line represents Global 
Urban Boundaries.
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in urban areas in different regions of China and manually digitized the water bodies in them (considering the 
small number of water bodies in some grids, we scaled some of them up in equal proportion). Finally, urban 
lakes with an area over 0.001 km2 were selected from the manual digitization results and then compared with our 
urban lake dataset on high-resolution imagery. We summed the area and quantity of urban lakes in each grid, 
respectively, and cross-evaluated our dataset from these two aspects.

Data records
Based on the methods introduced above, we produced the national inventory of Chinese urban lakes by syn-
thesizing all available Sentinel-2 images acquired in 2019–2021. In this dataset, there are 1.11 × 106 urban lakes 
(over 0.001 km2) in China, and the net surface water area exceeds 2.13 × 103 km2. The China urban lake dataset 
(CULD) is available at figshare repository (https://doi.org/10.6084/m9.figshare.20583558) in the ESRI shapefile 
format and a description document70, which contains three vector data layers: “China_Urban_Lake_Type1_&_
Type2.shp”, “China_Urban_Lake_Type3.shp”, and “China_Urban_Boundary.shp”. These data layers are all ref-
erenced in the Geographic Coordinate System of “GCS_WGS_1984” with the datum of “D_WGS_1984”. The 
“China_Urban_Lake_Type1_&_Type2.shp” data layer includes 110,698 urban lakes belonging to Type 1 or Type 
2 (as illustrated in Fig. 1). In the “China_Urban_Lake_Type3.shp” layer, 14 Type-3 large urban lakes are organ-
ized separately. The “China_Urban_Boundary.shp” data layer provides the polygons of urban areas that are used 
to judge the spatial relationships with urban lakes, as introduced in the section of “Methods”.

Technical Validation
Qualitative evaluation by comparing with historical high-resolution image. We selected four 
typical urban areas in different locations in China and superimposed our dataset with high-resolution historical 
imagery (Fig. 3). For large lakes, the lake shoreline depicted by our dataset matches the actual lake boundary very 
well. Those lakes with relatively small areas, for example, the magnitude of 0.001 km² that cannot be found at a 
low zoom level of high-resolution historical imagery, are also paid attention to without obvious omission errors 
and they account for a large proportion in the count. The possible mapping errors of these small lakes may mainly 
lie in the vague division boundary of urban and suburbs, for example, in the northeast of Fig. 3a and centers of 
Fig. 3b,d.

Cross-evaluation of the urban lake database with manually digitized data. Figure 4 shows the 
comparison of China urban lake database and manual digitization results on high-resolution imagery. The two 
lake layers are in good agreement for all the nine sampling areas of China in both the lake presence and extent. 
Only for a few cases, the long and narrow waterbodies embedded in the building complex may have some devi-
ations in the lake boundary match (Fig. 4a,b). Considering that the manual digitization results were produced 
based on the high-resolution imagery at the sub-meter level while our lake dataset was produced based on the 
10-m resolution Sentinel-2 imagery, the error from the small waterbody mapping due to the mixing pixel influ-
ences is expected and acceptable.

Figure 5 illustrates the comparison scatter plot of the areas and numbers of the total urban lakes for each 
sampling areas derived from the national urban lake dataset and the validation data manually digitized from 
high-resolution imagery. It is clear to see a good match of our mapping results with the validation data. Overall, 
the urban lakes mapped from Sentinel-2 images may slightly underestimate the areas than the reference data, as 
shown in Fig. 5a. The average accuracy of the urban lakes of the area in the nine sampling areas is 81.85%, with 
the highest accuracy of 91.85% in Liuyang and the lowest accuracy of 70.69% in Chengdu (Figs. 4a,d,5a). When 
comparing the count of urban lakes, our dataset performs well, and the average accuracy is 93.35% (Fig. 5b). 
Overall, as a ten m-level product, the national dataset has high accuracy and is acceptable.

Fig. 2 Working flow procedures of the circa-2020 map of urban lakes.
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Comparison with existing global or national lake data sets. The inventory of lake distribution is 
an interesting topic, which has been addressed by many prior studies on both the global and national scales. 
HydroLAKES71 is one of the most famous global lake data sets. Figure 6 shows its results in Chinese urban areas 
and compares them with our dataset. Obviously, the data accuracy of HydroLAKES in the urban areas is much 
lower than the mapping results presented in this study. Although both the two datasets include large urban lakes, 
the HydroLAKES data has some obvious biases in the outline of lake boundaries (Fig. 6a) and “omission” or 
“commission” errors (Fig. 6b,c). On one hand, the HydroLAKES only include lakes larger than 10 ha (0.1 km2), 
thus may ignore many small urban lakes are inventoried in our dataset. On the other hand, the HydroLAKES data 
was produced by compiling multiple sources of historical datasets, such as the SRTM Water Body Data (SWBD) 
that depict the lake status in February 2000. Therefore, most of the “omission” or “commission” errors may be 
caused by the rapid land use changes in the urban areas (Fig. 6b,c). To better evaluate the urban lake dataset, we 
also inspect the uniformity of our mapping results with the national-scale lake (>1 km2) dataset of the year 2020 
(update after the paper publication) in China51. As shown in Fig. 7, both our dataset and Zhang, et al. 51) show 
satisfactory accuracy in mapping lakes larger than 1 km2. Similar to the comparison illustrated in Fig. 6, there are 
many small urban lakes missing in the prior dataset (Fig. 7c). Besides, the lake boundaries of this study dataset 
mapped from 10-m Sentinel-2 imagery can depict the lake shoreline more precisely than that previously derived 
from Landsat and MODIS data.

Usage Notes
Details on Type-1 and Type-2 urban lakes in China. Figure 8 shows the spatial distribution map and 
latitudinal and longitudinal statistics of urban lakes that belong to Type 1 or Type 2 as illustrated in Fig. 1. Overall, 
these urban lakes show strong spatial heterogeneous aggregation levels, more in the east and south and less in 
the west and north of China. The most significant concentrations can be observed in China’s top three urban 
agglomerations, the Guangdong-Hong Kong-Macao Greater Bay Area, the Yangtze River Delta area, and the 
Beijing-Tianjin-Hebei area. In the latitudinal and longitudinal patterns, the region where the longitude ranges 
from 110°E to 125°E and the latitude ranges from 20°N to 35°N accounts for a large proportion of the area and 

Fig. 3 The comparison of the China urban lake database and high-resolution imagery. (a) Part of Wuhan;  
(b) Part of Shenzhen and Dongguan; (c) Part of Yinchuan; (d) Part of Hangzhou.
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quantity of urban lakes in China. In sharp contrast, from 100°E to the west, many regions have no urban lakes at 
all, or the number of urban lakes is very small, which is consistent with the arid climate and low economic level.

Details on Type-3 urban lakes of China. Besides these small urban lakes introduced above, there is 
another type (Type 3) of urban lakes that are well-known as tourist attractions by the population in the adjacent 
cities. In this data layer, we total inventory 14 lakes (see Fig. 9). In general, they have large inundation areas and 
are mostly concentrated in East China. Table 1 shows the basic information of these lakes. The largest lake among 
them is Lake Taihu with an area of over 2000 km2, and the smallest lake among them is Lake Lihu, which has 
an area around 7 km2 and is close to Lake Taihu. Although these lakes may be distant from surrounding cities, 
they have many ecological or economic functions and play important roles in local communities. For example, 
in East China, where the terrain is flatter, these lakes, including Lake Taihu, Lake Weishan, and Lake Luoma, 
provide freshwater resources and convenience for agricultural and recreational activities in the surrounding area. 
In southwest China where the terrain is undulating, Lake Erhai, Lake Dianchi, and Lake Fuxian are all famous 

Fig. 4 The comparison of China’s urban lake database and manual digitization results on high-resolution 
imagery in nine sampling areas. (a) Part of Chengdu; (b) Part of Daqing; (c) Part of Kunshan; (d) Part of 
Liuyang; (e) Part of Nanjing; (f) Part of Wulumuqi; (g) Part of Wuhan; (h) Part of Xian; (i) Part of Zhaoqing.
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tourist destinations. Of course, all these lakes have the fundamental functions of regulating runoff and water 
storage and supporting ecosystem wellbeing.

Limitations of the China urban lake dataset. In this study, we utilized the GUB urban area data com-
bined with the reference to high-resolution imagery to define and identify the urban lakes. However, it is difficult 
to guarantee the inerrant distinguishment of lakes from other water bodies as the urban areas actually have no 
explicit spatial boundary with rural areas or suburbs. Figure 10 shows some confusing water bodies within or 
intersecting the GUB boundary, which are close to the urban impervious layers and were inventoried in this 
study. Figure 10a represents some artificial reservoirs that are located near buildings, factories, or residential 
areas. Figure 10b represents some of the open waters connected to rivers. Figure 10c–f represents those which is 
regular waterbody possibly used for aquaculture, farming, ponds, or similar functions.

Urban areas are undergoing rapid development in China, with highly frequent land-use changes. Despite 
that we used the medium composite for each band of all images acquired during 2019–2021, when comparing 

Fig. 5 Accuracy evaluation of Chinese urban lake database and manually digitized results in area and count.  
(a) scatter plot for lake area; (b) scatter plot for lake count.

Fig. 6 The comparison of China urban lake database and HydroLAKES based on high-resolution imagery in a 
typical sampling area.
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Fig. 7 The comparison of China’s urban lake database and Zhang et al.51 based on high-resolution imagery in a 
typical sampling area.

Fig. 8 The distribution of urban lakes in China. The area and count of urban lakes by degrees are summed 
based on 0.1° × 0.1° square grid.
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Fig. 9 The 14 Type-3 urban lakes that are well known and have a large area around the city. (a) Liuye Lake;  
(b) Lake Baiyangdian; (c) Lake Weishan; (d) Lake Luoma; (e) Lake Songhua; (f) Lake Jingpo; (g) Lake Lihu;  
(h) Lake Taihu; (i) Lake Dongqian; (j) Lake Erhai; (k) Lake Fuxian; (l) Lake Dianchi; (m) Lake Qiandao; (n) 
Lake Chaohu.

Name Latitude (°) Longitude (°) Province City Area (km2)

Lake Taihu 31.20 120.19 Jiangsu Suzhou/Wuxi 2312.33

Lake Chaohu 31.57 117.53 Anhui Hefei 779.07

Lake Qiandao 29.56 118.95 Zhejiang Chunan 461.44

Lake Dianchi 24.82 102.69 Yunnan Kunming 297.82

Lake Erhai 25.79 100.20 Yunnan DaLi 243.52

Lake Luoma 34.09 118.19 Jiangsu Suqian 235.98

Lake Fuxian 24.52 102.89 Yunnan Yvxi 214.67

Lake Weishan 34.61 117.25 Shandong Jining 143.33

Lake Songhua 43.65 126.83 Jilin Jinlin 136.53

Lake Baiyangdian 38.88 116.00 Hebei Xiongan 82.79

Lake Jingpo 43.90 128.93 Heilongjiang Mudanjiang 80.48

Lake Liuye 29.09 111.74 Hunan Changde 19.41

Lake Dongqian 29.77 121.66 Zhejiang Ningbo 18.62

Lake Lihu 31.52 120.25 Jiangsu Wuxi 7.04

Table 1. Basic information of the 14 Type-3 urban lakes.

https://doi.org/10.1038/s41597-022-01874-6
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the mapping result of water extraction with the high-resolution imagery, there still exist a few changes out of our 
detection and induce uncertainty in the manual visual interpretation. Figure 11 shows the difference between 
our dataset and the high-resolution imagery used for manual visual interpretation. It can be found that some 

Fig. 10 Some confusing water bodies mapped as urban lakes. (a) Artificial water bodies located near 
construction sites, factories, or residential areas; (b) The open waters connected to rivers or channels;  
(c–f) Regular water bodies possibly used for aquaculture, farming, or similar functions.

Fig. 11 The rapid changes of urban areas which lead to the inconsistence between the Sentinel-2 imagery and 
high-resolution imagery. (a) The median-composite image of Sentinel-2 and the boundaries of urban lakes;  
(b) The high-resolution imagery used for manual visual interpretation and the boundaries of urban lakes from 
our mapping.
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urban lakes existing in the Sentinel-2 imagery degenerated to bare land. The contrary situation also exists some-
where else.

Besides the rapid changes of urban lakes, the cities themselves have been expanding dramatically. The 
adopted GUB reference data were extracted from the images acquired around 2018, which does not represent 
the extent of urban areas exactly around 2020. Figure 12 illustrates one of the most typical examples of the sprawl 
of urban boundaries. Though we have manually checked the expansions of urban boundaries of coastal cities, 
such problems may still exist in inland cities and cause the loss of newly-emerged urban lakes.

High-quality image availability for lake mapping as well as the temporal variations of urban lakes also have 
inevitable impacts on the mapping results. Figure 13 shows the availabilable count of good-quality (cloud cover 
<20%) images within the selected time windows (2019–2021). We can see that nearly all of the northern China 
are covered by more than one hundred of qualified images and most of the eastern and central parts have >50 
good images. There are fewer images available in the Qinghai-Tibet region where there are few urban areas in 
these regions and the climate is dry. Thus, the multi-temporal median composite effectively reduce the influences 

Fig. 12 The rapid change of urban boundaries.

Fig. 13 The availability of good quality (cloud cover <20%) images within the selected time windows (2019–2021).

https://doi.org/10.1038/s41597-022-01874-6


1 2Scientific Data |           (2022) 9:747  | https://doi.org/10.1038/s41597-022-01874-6

www.nature.com/scientificdatawww.nature.com/scientificdata/

of cloud cover and shadow. In this study, we aim to produce a static dataset of the circa-2020 urban lakes dataset 
of China that represent the average status of lake extents. Actually, the inundation areas of urban lakes are rather 
stable at the intra-annual timescale as urban lake shorelines are usually formed by artificial impervious surfaces 
and therefore have low seasonal variations (Fig. 14). Furthermore, although the method used in this study to 
detect urban water bodies is applicable to most cases, the detection of seasonal variation often faces the situation 
of fewer available images, which make it difficult to guarantee the spectral features of the median imagery to 
make sure that the proposed fixed thresholds work well.

Code availability
The data production algorithms have been introduced in the manuscript, which were conducted in GEE with 
simple implementation of water index methods. The code which is used to detect urban waterbody in GEE is 
available with the dataset at the figshare repository (https://doi.org/10.6084/m9.figshare.20583558)70.

Received: 28 August 2022; Accepted: 24 November 2022;
Published: xx xx xxxx

references
 1. Sheng, Y. et al. Representative lake water extent mapping at continental scales using multi-temporal Landsat-8 imagery. Remote 

Sensing of Environment 185, 129–141 (2016).
 2. Lehner, B. & Döll, P. Development and validation of a global database of lakes, reservoirs and wetlands. Journal of hydrology 296, 

1–22 (2004).
 3. Palmer, S. C. et al. Satellite remote sensing of phytoplankton phenology in Lake Balaton using 10 years of MERIS observations. 

Remote Sensing of Environment 158, 441–452 (2015).
 4. Zhu, J., Song, C., Wang, J. & Ke, L. China’s inland water dynamics: The significance of water body types. Proceedings of the National 

Academy of Sciences 117, 13876–13878 (2020).

Fig. 14 Water inundation areas of urban lake cases in 2020 for different seasons: spring (a,e,i,m), summer 
(b,f,j,n), autumn (c,g,k,o), and winter (d,h,l,p).

https://doi.org/10.1038/s41597-022-01874-6
https://doi.org/10.6084/m9.figshare.20583558


13Scientific Data |           (2022) 9:747  | https://doi.org/10.1038/s41597-022-01874-6

www.nature.com/scientificdatawww.nature.com/scientificdata/

 5. Woolway, R. I. et al. Global lake responses to climate change. Nature Reviews Earth & Environment 1, 388–403 (2020).
 6. Oki, T. & Kanae, S. Global hydrological cycles and world water resources. science 313, 1068–1072 (2006).
 7. Lofgren, B. M. et al. Evaluation of potential impacts on Great Lakes water resources based on climate scenarios of two GCMs. 

Journal of Great Lakes Research 28, 537–554 (2002).
 8. Wang, J. et al. Recent global decline in endorheic basin water storages. Nature geoscience 11, 926–932 (2018).
 9. Tao, S. et al. Changes in China’s lakes: Climate and human impacts. National science review 7, 132–140 (2020).
 10. Song, C. et al. Impact of amplified evaporation due to lake expansion on the water budget across the inner Tibetan Plateau. 

International Journal of Climatology 40, 2091–2105 (2020).
 11. Birch, S. & McCaskie, J. Shallow urban lakes: a challenge for lake management. Hydrobiologia 395, 365–378 (1999).
 12. Hossu, C. A. et al. Ecosystem services appreciation of urban lakes in Romania. Synergies and trade-offs between multiple users. 

Ecosystem Services 37, 100937 (2019).
 13. Reynaud, A. & Lanzanova, D. A global meta-analysis of the value of ecosystem services provided by lakes. Ecological Economics 137, 

184–194 (2017).
 14. Schallenberg, M. et al. Ecosystem services of lakes. Ecosystem services in New Zealand: conditions and trends. Manaaki Whenua Press, 

Lincoln, 203–225 (2013).
 15. Vilbaste, S. et al. Ecosystem services of Lake Võrtsjärv under multiple stress: a case study. Hydrobiologia 780, 145–159 (2016).
 16. Sun, R. & Chen, L. How can urban water bodies be designed for climate adaptation? Landscape and Urban Planning 105, 27–33 (2012).
 17. Gunawardena, K. R., Wells, M. J. & Kershaw, T. Utilising green and bluespace to mitigate urban heat island intensity. Science of the 

Total Environment 584, 1040–1055 (2017).
 18. Theeuwes, N. E., Solcerova, A. & Steeneveld, G. J. Modeling the influence of open water surfaces on the summertime temperature 

and thermal comfort in the city. Journal of Geophysical Research: Atmospheres 118, 8881–8896 (2013).
 19. Broadbent, A. M., Coutts, A. M., Tapper, N. J., Demuzere, M. & Beringer, J. The microscale cooling effects of water sensitive urban 

design and irrigation in a suburban environment. Theoretical and Applied Climatology 134, 1–23 (2018).
 20. Xu, J., Wei, Q., Huang, X., Zhu, X. & Li, G. Evaluation of human thermal comfort near urban waterbody during summer. Building 

and environment 45, 1072–1080 (2010).
 21. Lafortezza, R., Davies, C., Sanesi, G. & Konijnendijk, C. C. Green Infrastructure as a tool to support spatial planning in European 

urban regions. iForest-Biogeosciences and Forestry 6, 102 (2013).
 22. Reckien, D. et al. Equity, environmental justice, and urban climate change. (2018).
 23. Cheval, S., Popa, A.-M., Șandric, I. & Iojă, I.-C. Exploratory analysis of cooling effect of urban lakes on land surface temperature in 

Bucharest (Romania) using Landsat imagery. Urban Climate 34, 100696 (2020).
 24. Downing, J. A. Emerging global role of small lakes and ponds: little things mean a lot. Limnetica 29, 0009–0024 (2010).
 25. Kelly, C. A. et al. Natural variability of carbon dioxide and net epilimnetic production in the surface waters of boreal lakes of 

different sizes. Limnology and Oceanography 46, 1054–1064 (2001).
 26. Cardille, J. A. et al. Carbon and water cycling in lake‐rich landscapes: Landscape connections, lake hydrology, and biogeochemistry. 

Journal of Geophysical Research: Biogeosciences 112 (2007).
 27. Deemer, B. R. et al. Greenhouse gas emissions from reservoir water surfaces: a new global synthesis. BioScience 66, 949–964 (2016).
 28. Goodman, A. et al. US DOE methodology for the development of geologic storage potential for carbon dioxide at the national and 

regional scale. International Journal of Greenhouse Gas Control 5, 952–965 (2011).
 29. Michmerhuizen, C. M., Striegl, R. G. & McDonald, M. E. Potential methane emission from north‐temperate lakes following ice melt. 

Limnology and Oceanography 41, 985–991 (1996).
 30. Bastviken, D., Cole, J., Pace, M. & Tranvik, L. Methane emissions from lakes: Dependence of lake characteristics, two regional 

assessments, and a global estimate. Global biogeochemical cycles 18 (2004).
 31. Cole, J. J., Bade, D. L., Bastviken, D. & Pace, M. L. & Van de Bogert, M. Multiple approaches to estimating air‐water gas exchange in 

small lakes. Limnology and Oceanography: Methods 8, 285–293 (2010).
 32. Crawford, J. T. et al. CO2 and CH4 emissions from streams in a lake‐rich landscape: Patterns, controls, and regional significance. 

Global Biogeochemical Cycles 28, 197–210 (2014).
 33. Steele, M. & Heffernan, J. Morphological characteristics of urban water bodies: mechanisms of change and implications for 

ecosystem function. Ecological Applications 24, 1070–1084 (2014).
 34. Ritchie, H. & Roser, M. Urbanization. Our world in data (2018).
 35. Gavrilidis, A. A., Niță, M. R., Onose, D. A., Badiu, D. L. & Năstase, I. I. Methodological framework for urban sprawl control through 

sustainable planning of urban green infrastructure. Ecological indicators 96, 67–78 (2019).
 36. Naselli-Flores, L. in Proceedings of Taal2007: the 12th world lake conference. 1337.
 37. Chen, K., Wang, X., Li, D. & Li, Z. Driving force of the morphological change of the urban lake ecosystem: A case study of Wuhan, 

1990–2013. Ecological Modelling 318, 204–209 (2015).
 38. Roach, W. J. & Grimm, N. B. Nutrient variation in an urban lake chain and its consequences for phytoplankton production. Journal 

of environmental quality 38, 1429–1440 (2009).
 39. Tandyrak, R., Parszuto, K. & Grochowska, J. Water quality of Lake Ełk as a factor connected with tourism, leisure and recreation on 

an urban area. Quaestiones Geographicae 35, 51–59 (2016).
 40. Weber, C. & Puissant, A. Urbanization pressure and modeling of urban growth: example of the Tunis Metropolitan Area. Remote 

sensing of environment 86, 341–352 (2003).
 41. Liu, C., Zhong, J., Wang, J., Zhang, L. & Fan, C. Fifteen-year study of environmental dredging effect on variation of nitrogen and 

phosphorus exchange across the sediment-water interface of an urban lake. Environmental Pollution 219, 639–648 (2016).
 42. Henny, C. & Meutia, A. Urban lake management strategy: effect of distinct types of lake surroundings and shoreline landscape 

development on water quality of urban lakes in Megacity Jakarta. Lakes: the mirrors of the earth, 275 (2014).
 43. Vierikko, K. & Yli-Pelkonen, V. Seasonality in recreation supply and demand in an urban lake ecosystem in Finland. Urban 

Ecosystems 22, 769–783 (2019).
 44. Chen, W. Does the colour of the cat matter? The red hat strategy in China’s private enterprises. Management and Organization 

Review 3, 55–80 (2007).
 45. Zhang, K. H. & Shunfeng, S. Rural–urban migration and urbanization in China: Evidence from time-series and cross-section 

analyses. China Economic Review 14, 386–400 (2003).
 46. Grimm, N. B. et al. Global change and the ecology of cities. science 319, 756–760 (2008).
 47. Liu, Y. et al. An integrated GIS-based analysis system for land-use management of lake areas in urban fringe. Landscape and urban 

planning 82, 233–246 (2007).
 48. Ma, R. et al. A half‐century of changes in China’s lakes: Global warming or human influence? Geophysical Research Letters 37 (2010).
 49. Yang, X. & Lu, X. Drastic change in China’s lakes and reservoirs over the past decades. Scientific reports 4, 1–10 (2014).
 50. Xie, C., Huang, X. & Li, J. Assessing China’s Lake changes and associated driving forces during 1985–2015. Photogrammetric 

Engineering & Remote Sensing 84, 657–666 (2018).
 51. Zhang, G. et al. Regional differences of lake evolution across China during 1960s–2015 and its natural and anthropogenic causes. 

Remote sensing of environment 221, 386–404 (2019).
 52. Feng, S. et al. Inland water bodies in China: Features discovered in the long-term satellite data. Proceedings of the National Academy 

of Sciences 116, 25491–25496 (2019).

https://doi.org/10.1038/s41597-022-01874-6


1 4Scientific Data |           (2022) 9:747  | https://doi.org/10.1038/s41597-022-01874-6

www.nature.com/scientificdatawww.nature.com/scientificdata/

 53. Song, C. et al. A comprehensive geospatial database of nearly 100,000 reservoirs in China. Earth System Science Data Discussions, 
1–26 (2022).

 54. Du, N., Ottens, H. & Sliuzas, R. Spatial impact of urban expansion on surface water bodies—A case study of Wuhan, China. 
Landscape and Urban Planning 94, 175–185 (2010).

 55. Ren, W. et al. Urbanization, land use, and water quality in Shanghai: 1947–1996. Environment international 29, 649–659 (2003).
 56. Wang, J., Fu, Z., Qiao, H. & Liu, F. Assessment of eutrophication and water quality in the estuarine area of Lake Wuli, Lake Taihu, 

China. Science of the Total Environment 650, 1392–1402 (2019).
 57. Novotny, E. V., Murphy, D. & Stefan, H. G. Increase of urban lake salinity by road deicing salt. Science of the Total Environment 406, 

131–144 (2008).
 58. Sun, R., Chen, A., Chen, L. & Lü, Y. Cooling effects of wetlands in an urban region: The case of Beijing. Ecological Indicators 20, 

57–64 (2012).
 59. Steeneveld, G. J., Koopmans, S., Heusinkveld, B. G. & Theeuwes, N. E. Refreshing the role of open water surfaces on mitigating the 

maximum urban heat island effect. Landscape and Urban Planning 121, 92–96 (2014).
 60. Xu, L., Liu, H., Du, Q. & Wang, L. Evaluation of the WRF‐lake model over a highland freshwater lake in southwest China. Journal of 

Geophysical Research: Atmospheres 121, 13,989–914,005 (2016).
 61. Deng, Y. et al. Spatio-temporal change of lake water extent in Wuhan urban agglomeration based on Landsat images from 1987 to 

2015. Remote Sensing 9, 270 (2017).
 62. Wen, C., Zhan, Q., Zhan, D., Zhao, H. & Yang, C. Spatiotemporal evolution of lakes under rapid urbanization: a case study in 

Wuhan, China. Water 13, 1171 (2021).
 63. Xie, C., Huang, X., Wang, L., Fang, X. & Liao, W. Spatiotemporal change patterns of urban lakes in China’s major cities between 1990 

and 2015. International Journal of Digital Earth 11, 1085–1102 (2018).
 64. Drusch, M. et al. Sentinel-2: ESA’s optical high-resolution mission for GMES operational services. Remote sensing of Environment 

120, 25–36 (2012).
 65. Li, X. et al. Mapping global urban boundaries from the global artificial impervious area (GAIA) data. Environmental Research Letters 

15, 094044 (2020).
 66. Zhao, M. et al. A global dataset of annual urban extents (1992–2020) from harmonized nighttime lights. Earth System Science Data 

14, 517–534 (2022).
 67. Yang, Q., Huang, X., Yang, J. & Liu, Y. The relationship between land surface temperature and artificial impervious surface fraction 

in 682 global cities: spatiotemporal variations and drivers. Environmental Research Letters 16, 024032 (2021).
 68. Wu, W., Li, Q., Zhang, Y., Du, X. & Wang, H. Two-step urban water index (TSUWI): A new technique for high-resolution mapping 

of urban surface water. Remote sensing 10, 1704 (2018).
 69. Otsu, N. A threshold selection method from gray-level histograms. IEEE transactions on systems, man, and cybernetics 9, 62–66 (1979).
 70. Song, C., Jiang, X., Fan, C. & Li, L. High-resolution circa-2020 map of urban lakes in China. figshare https://doi.org/10.6084/

m9.figshare.20583558 (2022).
 71. Messager, M. L., Lehner, B., Grill, G., Nedeva, I. & Schmitt, O. Estimating the volume and age of water stored in global lakes using a 

geo-statistical approach. Nature communications 7, 1–11 (2016).

acknowledgements
The authors express their gratitude to the support from the GUB dataset and the World Imagery Wayback for 
providing high-resolution images. The authors would like to acknowledge the GEE platform for providing the data 
processing and mapping interface. This work was partly funded by the National Key Research and Development 
Program of China (Grant No. 2018YFD0900804, 2022YFF0711603, and 2018YFD1100101), the Strategic Priority 
Research Program of the Chinese Academy of Sciences (Grant No. XDA23100102 and XDA28020503), and the 
National Natural Science Foundation of China (No. 41971403).

author contributions
C.S.: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, 
Programming, Project administration, Quality assurance, Quality control, Supervision, Validation, Visualization, 
Writing – original draft preparation, and Writing – review and editing. X.J.: Data curation, Formal Analysis, 
Investigation, Methodology, Programming, Validation, Visualization, Quality control, Writing – original draft 
preparation, and Writing – review and revision. C.F.: Methodology, Quality control, Supervision, Validation, 
Writing – review and revision. L.L.: Quality control, Validation, Writing – review and revision.

Competing interests
The authors declare no competing interests.

additional information
Correspondence and requests for materials should be addressed to C.S. or X.J.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2022

https://doi.org/10.1038/s41597-022-01874-6
https://doi.org/10.6084/m9.figshare.20583558
https://doi.org/10.6084/m9.figshare.20583558
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	High-resolution circa-2020 map of urban lakes in China
	Background & Summary
	Methods
	Study data. 
	Sentinel-2 data. 
	Global urban boundaries dataset. 
	World imagery wayback. 

	Production of urban lakes. 
	Definition and conceptual diagram of urban lakes. 
	Production process of the circa-2020 map of urban lakes. 
	Accuracy evaluation by comparing with the data from manual digitization. 


	Data Records
	Technical Validation
	Qualitative evaluation by comparing with historical high-resolution image. 
	Cross-evaluation of the urban lake database with manually digitized data. 
	Comparison with existing global or national lake data sets. 

	Usage Notes
	Details on Type-1 and Type-2 urban lakes in China. 
	Details on Type-3 urban lakes of China. 
	Limitations of the China urban lake dataset. 

	Acknowledgements
	Fig. 1 The conceptual diagram of three kinds of urban lakes where the brown dashed line represents Global Urban Boundaries.
	Fig. 2 Working flow procedures of the circa-2020 map of urban lakes.
	Fig. 3 The comparison of the China urban lake database and high-resolution imagery.
	Fig. 4 The comparison of China’s urban lake database and manual digitization results on high-resolution imagery in nine sampling areas.
	Fig. 5 Accuracy evaluation of Chinese urban lake database and manually digitized results in area and count.
	Fig. 6 The comparison of China urban lake database and HydroLAKES based on high-resolution imagery in a typical sampling area.
	Fig. 7 The comparison of China’s urban lake database and Zhang et al.
	Fig. 8 The distribution of urban lakes in China.
	Fig. 9 The 14 Type-3 urban lakes that are well known and have a large area around the city.
	Fig. 10 Some confusing water bodies mapped as urban lakes.
	Fig. 11 The rapid changes of urban areas which lead to the inconsistence between the Sentinel-2 imagery and high-resolution imagery.
	Fig. 12 The rapid change of urban boundaries.
	Fig. 13 The availability of good quality (cloud cover <20%) images within the selected time windows (2019–2021).
	Fig. 14 Water inundation areas of urban lake cases in 2020 for different seasons: spring (a,e,i,m), summer (b,f,j,n), autumn (c,g,k,o), and winter (d,h,l,p).
	Table 1 Basic information of the 14 Type-3 urban lakes.




