
Mapping seagrass meadows in coastal China using GEE

Item Type Article

Authors Li, Qi; Jin, Runjie; Ye, Zhanjiang; Gu, Jiali; Li, Dan; He, Junyu;
Christakos, George; Agusti, Susana; Duarte, Carlos M.; Wu,
Jiaping

Citation Li, Q., Jin, R., Ye, Z., Gu, J., Li, D., He, J., Christakos, G., Agusti,
S., Duarte, C. M., & Wu, J. (2022). Mapping seagrass meadows in
coastal China using GEE. Geocarto International, 1–15. https://
doi.org/10.1080/10106049.2022.2070672

Eprint version Post-print

DOI 10.1080/10106049.2022.2070672

Publisher Informa UK Limited

Journal Geocarto International

Rights Archived with thanks to Geocarto International

Download date 23/05/2023 20:44:04

Link to Item http://hdl.handle.net/10754/676546

http://dx.doi.org/10.1080/10106049.2022.2070672
http://hdl.handle.net/10754/676546


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tgei20

Geocarto International

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tgei20

Mapping seagrass meadows in coastal China using
GEE

Qi Li, Runjie Jin, Zhanjiang Ye, Jiali Gu, Dan Li, Junyu He, George Christakos,
Susana Agusti, Carlos M. Duarte & Jiaping Wu

To cite this article: Qi Li, Runjie Jin, Zhanjiang Ye, Jiali Gu, Dan Li, Junyu He, George Christakos,
Susana Agusti, Carlos M. Duarte & Jiaping Wu (2022): Mapping seagrass meadows in coastal
China using GEE, Geocarto International, DOI: 10.1080/10106049.2022.2070672

To link to this article:  https://doi.org/10.1080/10106049.2022.2070672

Accepted author version posted online: 25
Apr 2022.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tgei20
https://www.tandfonline.com/loi/tgei20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10106049.2022.2070672
https://doi.org/10.1080/10106049.2022.2070672
https://www.tandfonline.com/action/authorSubmission?journalCode=tgei20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tgei20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10106049.2022.2070672
https://www.tandfonline.com/doi/mlt/10.1080/10106049.2022.2070672
http://crossmark.crossref.org/dialog/?doi=10.1080/10106049.2022.2070672&domain=pdf&date_stamp=2022-04-25
http://crossmark.crossref.org/dialog/?doi=10.1080/10106049.2022.2070672&domain=pdf&date_stamp=2022-04-25


 

Mapping seagrass meadows in coastal China using GEE 

Qi Li
a
, Runjie Jin

a
, Zhanjiang Ye

a
, Jiali Gu

a
, Dan Li

a
, Junyu He

a
, George Christakos

a
, Susana 

Agusti
b
, Carlos M. Duarte

b
, and Jiaping Wu

a
* 

a
Ocean College, Zhejiang University, China 

b
King Abdullah University of Science and Technology (KAUST), Kingdom of Saudi Arabia 

*
jw67@zju.edu.cn 

Abstract 

Seagrass meadows are virtual blue carbon ecosystems facing a dramatic decline on a global scale. Tracking the 

status and trends of seagrass meadows, which is still pending on large scales, is an emerging priority for their 

conservation and restoration. Here, we develop a semi-automatic procedure to identify and map seagrass meadows. 

Using Sentinel-2 data in Google Earth Engine (GEE) platform, a map is generated, showing a total of 11113.4 ha of 

seagrass meadows in coastal China in 2020. There exists the largest extent (6450.3 ha) in the coast of the South China 

Sea, while the second area (3909.5 ha) is in the Yellow Sea-Bohai Sea, and the seagrass meadows in the East China Sea 

cover about 753.6 ha. Our results provide the baseline data of seagrass meadows distribution in coastal China, and this 

study can be of reference for mapping seagrass meadows on a broader or even global scale. 

Keywords: seagrass; distribution; areal extent; mapping; China, GEE 

1. Introduction 

Seagrasses are monocot higher plants that grow underwater in tropical or temperate coastal 

areas, and they are among the most productive ecosystems on the earth (Valdez et al. 2020). Most of 

them grow in shallow sea areas within 20 m depth, and the deepest ones can be distributed up to 90 

m underwater (Zhou et al. 2016). Seagrass meadows, comprised of large areas of connected 

seagrasses, are one of the typical marine ecosystems and constitute the key conservation objectives 

of the global ecosystems due to their important ecological functions. Seagrass meadows play an 

important role in stopping and adsorbing suspended particles in the water, reducing pollution, 

purifying seawater, and improving the seawater environment (Ferguson and Korfmacher 1997; 

Fourqurean et al. 2012; Huang et al. 2020). Furthermore, they can maintain the coast and keep the 

seabed stable (van Katwijk et al. 2016; Chen et al. 2019), provide food and habitat for many marine 

organisms as well as endangered species, and have a large potential of carbon sequestration to 

mitigate climate change (Carter et al. 2011; Fourqurean et al. 2012). 

At present, there are 74 recognized seagrass species in the world. In China, 4 families, 10 

genera, and 22 species of seagrasses have been found (Xiao et al. 2020), accounting for about 30% 

of the global seagrass species. Seagrasses are widely distributed throughout most coastal areas in 

China and play an indispensable role in China's blue carbon program (Wu et al. 2020). However, due 

to the frequent human disturbances in coastal waters in recent decades and the impact of climate 

change (Orth et al. 2006; Huang et al. 2010), seagrass meadows in China are under enormous 

pressure and show an accelerating trend of decline (Hossain et al. 2015; Zheng et al. 2019; Wu et al. 
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2020). Documented seagrass meadows in many regions have disappeared (Short et al. 2011; Yue et 

al. 2021). 

To date, accurate information of seagrass meadows is only reported in a few typical areas in 

China, and the majority of reported seagrass meadows is based on the field surveys by vessels, sonar 

with Global Positioning Systems (GPS). For example, Huang X et al. (2010) conducted a field 

survey in some shore sections of Guangdong province where seagrasses may exist, and found some 

unrecorded distributions of seagrasses in Tuolin Bay, Baishahu, and other areas. Chen et al. (2015) 

used field sampling and GPS to conduct long-term monitoring of seagrass on the east coast of 

Hainan Island, and found that the coverage and density of seagrass meadows in this area showed a 

decreasing trend with year. Zhou et al. (2019) discovered the largest single species seagrass meadow 

of China in Caofeidian, Hebei province by using sonar. Li et al. (2020a) used diving photography 

and fixed-point sampling to investigate the species and extent of seagrass meadows in Sanggou Bay, 

Rongcheng county, Shandong province. Generally, these methods could obtain accurate information 

for local seagrass meadows, but they are time-consuming and laborious, which makes them very 

hard for large-scale surveys. 

Remote sensing has advantages of real-time observation at large scales (Pu et al. 2010; Li et al. 

2018). If properly integrated with field surveys, it can be an advanced way to observe the area and 

distribution of seagrass meadows (Werapong et al. 2016; Hashim et al. 2021). As early as in the 

1990s, Ferguson and Korfmacher (1997) used Landsat images to monitor the distribution of seagrass 

meadows in North Carolina. Dahdouh-Guebas et al. (1999) used Landsat images to identify 

seagrasses off the coast of Kenya, and believed that the Blue, Green, and Red bands had good 

applicability in seagrass detection. Pasqualini et al. (2005) identified the seagrass distribution areas 

with high accuracy along the Mediterranean Sea coast by supervised classification of SPOT data. 

Traganos and Reinartz (2018) compared the classification performance of three different supervised 

classifiers for Mediterranean underwater habitats, especially seagrass, and found that in most cases, 

the Support Vector Machine (SVM) classifier exhibited better accuracy than random forest and 

maximum likelihood classifier. Pottier et al. (2021) constructed a supervised SVM based on 

sentinel-2 images and field data, and showed that it had higher classification accuracy in the 

recognition of marine biological communities (including seagrass bed) of Banc d’Arguin National 

Park in Mauritania. Furthermore, Jörn et al. (2020) compared the differences in the detection of 

seagrass meadow distribution in the Schleswig-Helstein Walden Sea utilizing on-site exploration, 

aerial mapping, and satellite image classification, and considered that satellite image classification 

had the advantages of wide coverage and repeatable image analysis methods, which makes it a 

cost-effective method for mapping seagrass. 

As prominent blue carbon ecosystems, mangroves (Chen et al. 2017) and salt marshes (Gu et al. 

2021; Chen et al. 2022) in China have already had specific distribution information, except for 

seagrasses. Considering the long and extensive coastline of China, using field surveys to acquire 

national seagrass meadows is a heavy task, hence leaving a notable lack until now. Facing the 

difficulty in field survey of seagrasses on a national scale and its urgent need, it is the better choice 

of using remote sensing to get full information of national seagrass meadows. The aims of this study 

are to 1) explore the potential procedure for seagrass meadows identification and delineation by 

using remote sensing images, and 2) develop a map of seagrass meadows along coastal China with 

areal extent, spatial distribution, and species information. 
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2. Material and methods 

2.1 Satellite Data 

We selected Level-2A images of Sentinel-2 satellite on the Google Earth Engine (GEE) 

platform to identify seagrass meadows. GEE is a cloud computing platform for remote sensing 

images and other Earth observation data with high-performance computing power and big data 

processing tools, avoiding the tedious process of data downloading and pre-processing (Gorelick et 

al. 2017). The powerful computing of Google's backend also saves a lot of computing time. 

Sentinel-2 is a European wide-swath, medium-resolution, and multi-spectral imaging mission that is 

widely used for vegetation detection, land use/cover change, disaster control, and coastal zone 

monitoring. With a temporal resolution of 5 days, Sentinel-2 has a wealth of image resources for 

selection (Dimosthenis et al. 2018; Zoffoli et al. 2020). Moreover, the optical instrument payload 

carried by Sentinel-2 can sample 13 spectral bands: 4 bands with 10 m, 6 bands with 20 m, and 3 

bands with 60 m spatial resolution. The classification features used in this study are only based on 

the band information with 10 m (Blue, Green, Red) and 20 m (NIR, SWIR) resolutions. This is a 

good choice for broad-scale mapping of seagrass meadows. Figure 1 is an example showing seagrass 

meadows on Sentinel-2 images in RGB bands. 

 

Figure 1. Seagrass meadows on Sentinel-2 images in RGB bands (redline areas represent seagrass 

meadows. a) Swan Lake in Rongcheng, Shandong; b) Qiangan Island in Dalian, Liaoning; c) 

Caofeidian in Hebei; d) Nanwan Monkey Island in Lingshui, Hainan). 

2.2 Method 

To select the most suitable images for seagrass identification, we searched all the Sentinel-2 

images without cloud cover for the study area, and manually selected these images with low turbidity 

and relatively low tide in 2020 by displaying the scenes. The images from July to November are 

preferred because the density and coverage of seagrass plants are the highest in this period. If no 

suitable images in 2020 were found for some areas, we searched Sentinel-2 images in 2019 instead. 

Totally, 60 views (43 views in 2020 and 17 views in 2019) were selected (see Supplementary 1). To 

enhance image information, we performed the mean fusion algorithm on all selected images for the 

same area. Seagrass meadows are mostly distributed in the areas of shallow seawaters. By overlaying 
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an Open Street Map (https://osm-boundaries.com/) data on Sentinel-2 images, we manually adjusted 

the natural and man-made coastlines for the entire coastal China, and took this coastline as the 

boundary between the land and sea to clip out sea area. Then, we used the Elimination function to 

remove all the areas 20 km away from the coastline. The remained areas of images cover all potential 

areas with seagrasses for image classification. 

 

Figure 2. Spectral bands (a) and indices (b) from Sentinel-2 image used for identifying seagrass 

meadows 

Whether seagrasses are out of the seawater or under the water at low tide, seawater and seagrass 

meadow exhibit different spectral features in satellite images. Water depth further affects the spectral 

characteristics of seagrass meadows (Figure 2) (Bijeesh et al. 2020), and the water depth varies in 

different distribution areas of seagrass meadows (Li et al, 2021). Therefore, to better distinguish the 

seagrass meadow under different conditions, randomly selected pixels from the region of seagrass 

meadow area were applied to train the SVM (Liu et al. 2016), the kernel function type of which is 

Radial Basis Function (RBF). When using an SVM model with RBF as a kernel function, two 

parameters have to be predetermined: C and gamma. The first parameter C determines the trade-off 

between fitting error minimization and model complexity minimization. The second parameter 

gamma affects the mapping transformation of the data space, and changes the complexity of the 

sample distribution in the high-dimensional feature space (Duan et al, 2003). In the classification 

process, these two parameters have to be adjusted according to different situations. Nationwide, a 

total of 8684 samples were selected, among which 6675 samples (77%) were used as training data 

and the rest (2009 samples, 23%) as validation data. We conducted the classification with three 

subclasses (water, tidal flats, and seagrass meadows) by each coastal province/region. 

To better identify seagrass meadows, two widely used vegetation indices and three 

water-related spectral indices were included in the SVM model: Normalized Difference Vegetation 

Index (NDVI) (Wittich and Hansing 1995), Enhanced Vegetation Index (EVI) (Mendez-barroso et 

al. 2009), Normalized Difference Water Index (NDWI) (Mcfeeters 1996), Modified Normalized 
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Difference Water Index (MNDWI) (Xu 2005) and Automatic Water Extraction Index (AWEI) 

(Feyisa et al. 2014). NDVI and EVI are related to vegetation greenness, NDWI and MNDWI are 

sensitive to open surface water bodies, and the two versions of AWEI (AWEInsh and AWEIsh) can 

reduce the impact of shadows or other dark surface pixels on the classification and further improve 

the classification accuracy. These indices have been widely used to distinguish vegetation and open 

surface waters. They were calculated as follows: 

     
         

         
     

          
       

                           
     

      
           

           
     

       
             

             
     

           (            )  (                     )     
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The overall accuracy, Kappa index, user’s accuracy and producer’s accuracy were used to 

evaluate the SVM classifier and initial classification results. Unless the overall accuracy and Kappa 

index of preliminary classification results are higher than 90%, we subsequently processed the results 

with expert knowledge, like eliminating and correcting misclassification pixels based on images. 

Moreover, additional areas were selected for field validation using unmanned drone reconnaissance 

to assess the classification accuracy. 

In addition to the areal extent and spatial distribution information of seagrass meadows obtained 

by the aforementioned procedure, we estimated their species. Firstly, we searched and reviewed all 

the published papers and reports about seagrasses in China (Hartog and Yang 1990; Yang et al. 

2002; Yang et al. 2009; Guo et al. 2010; Huang X et al. 2010; Zheng et al. 2013; Chen et al. 2015; 

Zhou et al. 2016; Cai et al. 2017; Guo 2019; Li et al. 2019; Zhong et al. 2019; Zhou et al. 2019; Li et 

al. 2020a; Li et al. 2020b; Zhou et al. 2020; Wu et al. 2021; Xu et al. 2021; Yue et al. 2021), to 

obtain the location and species information records of each seagrass meadow area in China. Then, if 

it is a seagrass distribution area with single species, this species is assigned as the dominant species 

in the area, while if it is an area with multi seagrass species distributed, the dominant species or the 

first species reported in the literature is regarded as the dominant one. For these areas we newly 

identified in this study and those areas where no seagrass species were reported previously, we 

assigned the one by taking the species that is spatially the nearest available dominant seagrass. In this 

way, we finally developed a map of seagrass meadows with species information in coastal China in 

2020. To assess the difference between our data and the data from previous studies, a relative 

percentage difference (RPD) was calculated for each seagrass meadow area. The RPD is equal to the 

difference between our data and previous data and divided by the average of these two data. The 

whole procedure of seagrass meadows mapping is shown in Figure 3. 
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Figure 3. The flowchart of seagrass meadow mapping (OA: overall accuracy; UA: user’s 

accuracy; PA: producer’s accuracy) 

3. Results 

3.1 Classification accuracy 

Assessment indices showed that the image classification results without post-processing were 

satisfactory (Table 1). Specifically, The SVM training accuracy ranged from 89.5% to 98.7% in 

different regions with an average of 94.3%. The training Kappa index ranged from 0.81 to 0.98 with 

an average of 0.91. The validation accuracy ranged from 87.6% to 98.7% in different regions with an 

average of 92.4%. The validation Kappa index ranged from 0.80 to 0.98 with an average of 0.87. 

These indices showed the overall satisfactory results of the classification. Further information about 

classification accuracy, confusion matrix, user’s accuracy and producer’s accuracy for each 

classification category in each region was shown in Supplementary 2. 

Table 1. Overall accuracy (OA) and kappa index of SVM training and validation  

Region Training Validation 

 OA (%) Kappa OA (%) Kappa 

Liaoning 92.6 0.88 87.6 0.80 

Hebei 98.7 0.98 92.5 0.88 

Shandong 92.8 0.89 96.2 0.95 

Fujian 94.3 0.92 89.9 0.85 

Guangdong 96.4 0.94 92.2 0.88 

Taiwan 89.5 0.81 90.1 0.82 

Guangxi 96.5 0.94 98.7 0.98 

Hainan 93.9 0.91 91.7 0.83 

Average 94.3 0.91 92.4 0.87 
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3.2 The areal extent, spatial distribution, and species information of seagrass meadows 

 

Figure 4. The areal extent, spatial distribution, and species information of seagrass meadows in 

coastal China in 2020. (The different colors in the pie chart and dots along the coast represent 

different seagrass species. LN: Liaoning, HB: Hebei, SD: Shandong, JS: Jiangsu, SH: Shanghai, ZJ: 

Zhejiang, FJ: Fujian, TW: Taiwan, GD: Guangdong, GX: Guangxi, HN: Hainan) 

Our results showed that the total area of seagrass meadows in China (except Sansha city) is 

11113.4 ha (Figure 4). About 6450.3 ha of seagrass meadows is distributed in the South China Sea, 

accounting for 58.0% of the total area. The seagrass meadows in the Bo-hai Sea cover 3162.6 ha, 

which is the second-largest distribution and accounts for 28.5% of the total meadows. It is about 

753.6 ha in the East China Sea, and about 746.9 ha in the Yellow Sea, respectively. By integrating 

our delineated areal extent with species information from 19 published papers/reports, we obtain the 

general information of seagrass meadow species for all areas. The Zostera marina, mainly 

distributed in Shandong, Hebei, and Liaoning, is the most dominant species with an area of 3892.1 

ha, accounting for 35.0% of the total. Thalassia hemprichii is widely distributed in Wenchang city, 

Hainan and most coastal areas of Taiwan, with the second-largest distribution of 3517.6 ha, 

accounting for 31.7% of the total seagrass meadows. Halophila ovalis, the third dominant species, is 
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most widely distributed along the coast of Guangxi and Guangdong, covering 2070.7 ha and 

accounting for 18.6% of the total area. Other dominant species like Zostera japonica, Enhalus 

acoroides, Halophila beccarii and Halodule uninervis account for 5.8%, 4.2%, 2.4%, and 2.3% of 

the total area, respectively (see Supplementary 3). 

In terms of the distribution at provincial/regional level, a total of 615.6 ha of seagrass meadows 

is identified in Liaoning. The meadows, dominated by Zostera marina (Zhou et al. 2020), are mainly 

distributed around Xingcheng-Juehua island in the Bohai Sea (410.6 ha) (Figure 5a) and cover some 

small areas in the islands of Changhai county. 

A total of 2,484.1 ha of seagrass meadows in the coastal area of Laoting-Caofeidian, Tangshan 

city (Figure 5b) makes Hebei the second largest province in terms of seagrass meadow area. This is 

the largest Zostera marina seagrass and the largest single species of seagrass meadows in China 

(Zhou et al. 2019). In addition, some scattered seagrass meadows (2 ha) are identified in the Beidaihe 

area of Qinhuangdao city. 

In Shandong province, it has a total of 807.8 ha seagrass meadows identified, among which, 

52.9% (427.4 ha) is distributed in Rongcheng city (Figure 5c), with dominant species of Zostera 

marina and Phyllospadix iwatensis (Li et al. 2019; Li et al. 2020a), while the remaining 47.1% 

(380.4 ha) is dispersed along the coast of Shandong Peninsula, including Changdao, Longkou Bay, 

Rushan, Laoshan, Huiquan Bay, Laizhou Bay, Shitou Bay, Lidao Bay, Shuangdao Bay, and 

Shiyaosuo. 

There are no seagrass meadows in Jiangsu, Shanghai, and Zhejiang province/city, due to their 

high turbid seawaters for a long period every year, which is unfavorable for seagrass growth. For the 

similar reason, in Fujian province, only a small area (179.7 ha) of Zostera japonica dominated 

(Hartog and Yang 1990) seagrass meadows is found in Dongshan and Jinjiang, the southern coast of 

Fujian where seawaters are clear enough to support seagrass growth. 

Across Taiwan Strait, a total of 573.9 ha seagrass meadows is identified, 59.5% in the Penghu 

islands (341.5 ha) and 34.3% in the southern coastal areas of Taiwan (197.1 ha). Scattered seagrass 

meadows are also found in Taichung with the main species of Thalassia hemprichii (Zheng et al. 

2013). 

A total of 1455.5 ha seagrass meadows is delineated along the coastal area of Guangdong 

province. From the north to south of the province, seagrasses are distributed in Tuolin Bay, 

Baishahu, Kaozhouyang, Daya Bay, Tangjia Bay, Shangchuan Island, Xiachuan Island, Hailing 

Island, Donghai Island, Naozhou Island, Qishui Bay and Liusha Bay. The largest seagrass meadows 

area (771.7 ha) in the province is Liusha Bay (Figure 5d), dominated by Halophila ovalis species 

(Zhong et al. 2019). In Hong Kong, seagrass meadows are mainly distributed in the Yuanlong 

district, with an area of 3.5 ha and the main species of Halophila beccarii (Zheng et al. 2013). Little 

seagrasses are identified in Macao. 

Along Guangxi coast, we identify a total of 537.8 ha seagrass meadows, among which, 73.1% 

(393.0 ha) is intensively distributed in Yingluogang and Tieshangang districts and 5.5% (29.4 ha) in 

Jiangping town, Fangchenggang city. The dominant species are Halophila ovalis and Zostera 
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japonica (Guo 2019). The remaining 21.4% (115.4 ha) of seagrasses is dispersedly distributed in 

Qinzhou city and Beihai city. 

Hainan has the largest extent of seagrass meadows (4457.0 ha), accounting for 40.1% of the 

national inventory. About 66.7% of seagrass meadows (2971.1 ha) are distributed around Wenchang 

and Qionghai city, the eastern part of Hainan (Figure 5e). Lin’gao, Danzhou, Lingshui, Sanya, 

Wanning and Chengmai cities also have some seagrass meadows, mainly with Enhalus acoroides 

and Thalassia hemprichii as the dominant species (Yang et al. 2009; Chen et al. 2015; Wu et al. 

2021). 

 

Figure 5. Some examples of seagrass meadows identified from Sentinel-2 images. 

3.3 Comparisons between the classification of Sentinel-2 images and that of aerial photos 

We selected Hainan and Hebei, two provinces with the largest extents of seagrass meadows in 

China, as field validation sites to further evaluate our classification accuracy. Considering the 

relatively limited covering area by drone flight, we chose the sites that are separately located but 

densely covered with enough areal extents of seagrass meadows for validation. Thus, a large area of 

Enhalus acoroides in Li'angang (110.011E, 18.412N), Lingshui county, Hainan province, and a large 

area of Zostera marina in Caofeidian (118.691E, 39.116N), Hebei province were selected as field 

validation sites. We recorded the boundary using a handheld GPS receiver and took aerial photos at 

the low tide with a Hasselblad L1D-20c of DJI Mavic-2 pro and DJI Phantom-4-Multispectral drone. 

These aerial photos (R, G, B) are helpful to identify and verify the distribution of seagrass meadows 

after image mosaic. Areal extents of seagrass meadows classified from Sentinel-2 images and aerial 

photos are overlapped to quantify their differences. 

In Li’angang, the seagrass meadow area delineated from drone photos is 9.5 ha (Figure 6a), 

while the area classified from Sentinel-2 images is 10.5 ha. By taking the area of seagrass meadows 

delineated from the aerial photos as the true extent, we found that the overlapping, missing, and 

mis-identified area with the classification results of Sentinel-2 images is 7.6 ha, 1.9 ha, and 2.9 ha, 

respectively, indicating that the accurate rate reaches 80.1% (Figure 6b). The seagrass meadow in 

Hebei is vast and growing well, in favor of the classification of Sentinel-2 images. As a result, we 
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obtained a higher accuracy of 91.6% by the field validation. Specifically, seagrass meadows areas of 

overlapping, missing, and mis-identified area between the classification results of Sentinel-2 images 

and delineated area on aerial photo (47.5 ha, Figure 6c) were 43.5 ha, 4.0 ha, and 1.0 ha, respectively 

(Figure 6d). 

 

Figure 6. Comparisons of seagrass meadows classified from Sentinel-2 images and identified from 

aerial photos in two validation sites. a) UAV aerial photos in Lingshui county, Hainan on May 12, 

2021, and b) their classification results between aerial photos and Sentinel-2 images; c) UAV aerial 

photos in Caofeidian, Hebei on July 28, 2021, d) their classification results between UAV aerial 

photos and Sentinel-2 images. 

4. Discussion 

4.1 Uncertainty analysis 

The spectral characteristics of seagrass meadow area in the image show that it is feasible to 

delineate seagrass meadows in Sentinel-2 images. In some images, however, seagrasses exist under 

the seawater surface even at low tide. The spectral reflectance of seagrasses is affected by seawater 

column, especially at the boundary of seagrass meadows, where the spectral reflectance is close to 

seawaters. Therefore, delineating the seagrass meadow boundary is relatively difficult (Ferwerda et 

al. 2007). Furthermore, due to the constant changes of seagrass areas, the date of image acquisition 

also cause uncertainties in the detection of seagrass meadows. The spatial resolution of images is 

another important factor affecting classification accuracy (Zheng, Duarte et al. 2019). The resolution 

of sentinel-2 images is 10 m, therefore, mixed pixels usually exist in the areas where we identify 

scattered small patches or sparse seagrass meadows, which may affect the seagrass meadow 

extraction. 
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As shown in Figure 6, we believe that two main reasons may explain the discrepancy of 

seagrass meadow extents delineated between Sentinel-2 images and UAV aerial photos: the 

difference of spatial resolution and the difference of image acquisition date. Compared to Sentinel-2 

images, UAV aerial photos have 100 times higher spatial resolution (0.1 m vs 10 m), supporting 

much more intact and continuously distributed extent of seagrass meadows in terms of small patches 

interpretation. The image acquisition date of Sentinel-2 images and aerial photos in Li'angang is July 

12, 2019, and May 12, 2021, while the date in Caofeidian, Hebei is July 8, 2020, and July 28, 2021, 

respectively. The gap of 1 ~ 2 years in acquisition time, to some extent, explains the differences in 

seagrass meadows area, as local seagrass meadows may have changed due to natural and 

anthropogenic factors. Considering the high correctness ratios of such large scale in local seagrass 

sites, the image classification of this study is satisfactory. Therefore, our seagrass meadow results 

could be used as the baseline data. 

4.2 Comparison of seagrass meadow extent from different methods 

 

Figure 7. The main area of seagrass meadows in Yellow sea and Bo-hai Sea (a), East China Sea (b) 

and South China Sea (c), and the comparison between our data and previous data (Huang X et al. 

2010; Zheng et al. 2013; Zhou et al. 2016; Cai et al. 2017; Zhou et al. 2019; Li et al. 2019; Li et al. 

2020a; Li et al. 2020b; Zhou et al. 2020; Wu et al. 2021; Xu et al. 2021; Yue et al. 2021). (RPD: 

Relative percentage difference, RPD = (our data - previous data)/((our data + previous data)/2)) 

In this study, we developed a procedure on GEE using algorithms such as image filtering and 

machine learning for identifying and mapping the distribution of seagrass meadows, and finally 

obtained the extent of 11,113.4 ha seagrass meadows in coastal China in 2020. 

A total of 22 new sites, with the areal extent of 1735.8 ha seagrass meadows, were identified in 

this study, which clearly showed the significance of nation-wide resource inventory. A comparison 

of the areal differences between our data and previous reported values were showed in Figure 7. In 
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the Yellow Sea-Bohai Sea, we updated the extent information of 7 seagrass meadow areas (341.6 ha) 

in the southwest corner of Liaoning, Laizhou Bay, the east coast of Shandong and the northeast 

corner of Shandong (Figure 7a). In the East China Sea, we delineated the areal extents of 5 

documented seagrass meadow areas (528.8 ha) that had only locational information in previous 

report (Figure 7b). Among the recorded seagrass meadow distribution areas in the South China Sea, 

we updated the extent of 10 seagrass meadow areas (865.4 ha) in Guangdong and the west coast of 

Hainan, while along the east coast of Hainan, our results are generally less than the existing 

statistical data (Figure 7c), which might be caused by land reclamation (Wu et al. 2021). 

At the national level, our data is 24.2% lower than the results of Fu et al. (2020), showing a total 

of 14,660 ha seagrass meadows in China according to published papers and reports. At local scale, 

our results are still lower than those of previous studies. For example, the area of seagrass meadows 

we identified in Caofeidian is 14.7% lower than the area (2,917 ha) reported by Zhou et al. (2019); 

the seagrass meadow areas we identified in the Sanggouwan, Rongcheng city, Shandong province is 

only about 268.7 ha, 42.8% lower than the area (469.7 ha) monitored by Li et al. (2020a). These 

discrepancies may be due to differences in the data source (governmental statistics or in-situ 

measurement), data collection method (satellite image interpretation, sonar, or GPS), period of 

collected data (one year or longer period), tide level (some seagrasses may have been missing when 

using images), and the relative statistical methods. Additionally, the 10-m spatial resolution of 

Sentinel-2 images could be hard to detect some small areas of seagrass meadows, therefore, the 

seagrass meadow data in the present study should be considered as a conservative one. 

4.3 Strengths and limitations of this study 

This study develops the procedure and then generates the map of seagrass meadows in coastal 

China. The method of image selection and classification process is based on online programming on 

GEE, which can save a lot of time and workload compared to field survey and mapping. Moreover, 

the method of image analysis is repeatable and transferable. This procedure can be adjusted in space 

and time, and applied to identify seagrass meadows in other area and time. Overall, the developed 

procedure has the advantages of robustness, accuracy, and repeatability, and can be of reference for 

seagrass meadow mapping in a broader or even global scope. 

The limitation of this work is associated with the data sources and quality. As aforementioned, 

quality interpretation and classification of satellite images require finer spatial resolution and 

appropriate data sources, including low tide, less cloud, clear water, smooth sea surface, and 

vigorous growth of seagrasses. Sentinel-2 satellite has relatively high temporal and spatial 

resolutions, however, the images are still highly affected by weather and water conditions, resulting 

in inadequate suitable images for seagrasses interpretation, especially in the South China Sea. 

4.4 Future work 

As an indispensable part of China's blue carbon program and also the global blue carbon 

program, it is important to accurately identify the area and delineate the distribution of seagrass 

meadows, to explore and enhance their carbon sink potential (Wu et al. 2020; Huang et al. 2022). In 

the future, with the improvement of image quality and classification methods, such as higher spatial 

and temporal resolutions, more advanced image interpretation and machine learning models, and 

integration with other data sources like sonar, radar, hyperspectral images and remote underwater 
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imaging (Adolph et al. 2018; Gade et al. 2018; Duffy et al. 2019), it is feasible to better identify and 

monitor seagrass meadows in near-real-time and much broader scale. Detailed species information, 

after ground verification, is much needed for further work. Moreover, based on the areal extent, 

spatial distribution, and spatiotemporal dynamics of seagrass meadows, we may be able to estimate 

their carbon sequestration capacity and quantify their carbon stocks and eco-environmental values. 
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