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ABSTRACT: The emerging of technology, especially analysis using Google Earth Engine, has been giving a paradigm shift of the trend of analysis by considering the recent studies. It was used widely in many fields such as deforestation, water management, forest management, climate monitoring and biophysical studies. Objective: This systematic review was designed to assess the application of Global Earth Engine (GEE) in the global environmental study. It aimed to explore the application of remote sensing study in the GEE environment. Design: A systematic review of qualitative studies and expert opinion publications. Data Sources: A systematic literature search was undertaken of the following databases: Scopus and Web of Science (WOS). All papers reviewed were from 2013 to 2018 and were written in English. Review Methods: We identiﬁed 40 studies and expert opinion papers from the selected databases. After reviewing keywords and abstracts for the inclusion and exclusion criteria, 39 papers were selected for review. These were read and reread, with 40 papers, including one thesis, selected for quality appraisal. One paper was discarded due to the exclusion criteria. Results: Three major themes were evident in this study. First, mapping studies, secondly, biophysical model development and thirdly, change detection. Conclusions: The paper concludes with prospects, highlighting the use of datasets, particularly in the fields of environmental study.


1. INTRODUCTION

Monitoring the urbanisation growth and its relation to the global warming needs to be reorganised and firmly analysed in terms of local, regional and global scales. The existence of historical data is important to predict future trends and behaviour of the events, with the uses of a variety of sources of datasets. With the advancement of the new technology, the climate change pattern can be studied by using the meteorological and climatological method with the assistance of satellite technology. This is where Google Earth Engine (GEE) beneficially used to improve the knowledge of the earth surfaces. Processed images captured from 1st January 1984 are available to be downloaded in GEE.  The selection of the images is based on the research needs.  GEE is a cloud-based platform to able anyone to access imagery that readily available and accessible processed imageries, thus users without any knowledge on processing such data can interpret the data. GEE houses a large repository of geospatial datasets, which is freely available to be downloaded by the public. The observations from a variety of satellite in both optical and non-optical wavelengths, weather and climate forecast, land cover, topography, forest areas and socio-economic datasets. Once an algorithm has been developed on Earth Engine, users can produce systematic data products without the need to be an expert in application development or web programming (Gorelick, 2017). 


Many researchers have started to use GEE as their platform since 2012. However, efforts to systematically review these studies are still lacking. This article attempts to fill the gap to understand and characterises the environmental studies and the pattern of methodology that was conducted by the previous researchers. One paper of review of GEE (Kumar, 2018) did on examination of usage patterns of the Google Earth Engine platform and whether researchers in developing countries were making use of the opportunity. The study also explained that the usage was dominated by institutions based in developed nations, with study sites mainly in developed nations. Prior to this study, systematic review articles on the review of environmental studies using GEE is not strong as it has no detail review procedures employed, for example, the search terms, articles excluded etc. Besides, there is no explanation on the methods that are employed by the previous researchers. 

To construct a relevant systematic review, the current article was guided to answer the main research question – how can GEE helps to the analysis of environmental studies? Thus, the main focus was on the methods used by the previous researchers using GEE platform. This study attempts to analyse the existing literature on the use of GEE in environmental studies. The purpose of the present research is to begin to ﬁll this existing knowledge gap and address concerns raised by earlier researchers by presenting a suitable explanation. By adopting a systematic review approach as a tool, the current study synthesises empirical ﬁndings from the existing literature on the relationship between GEE and all environmental studies.

This section also explains the purpose of conducting a systematic review and PRISMA (Preferred Reporting Items Systematic Reviews and Meta-Analysis) statement also used. The third section systematically reviews and synthesises the scientific literature to identify, select and appraise relevant research on GEE uses in environmental studies. The last section identifies future research priorities.

1. Background of GEE
A meeting of 17 Sustainable Development Goals (SDGs) had been adopted on the year of 2016 to measure the progress on the SDGs. These SDGs are designed to balance the three dimensions of sustainable development; the economic, social and environment. Thus, an Open Data that are freely available online can be essential for anyone, from any countries to use it to achieve the SDGs. Thus, Google Earth Engine (GEE) can be used to fulfil the needs of the data for SDGs analysis, and it can be done anywhere as long as the internet is available.

As it is a planetary-scale platform for the earth data and able to be manipulated for analysis, it also able to analyse and visualisation at the same time. The earth engine stores satellite imagery, and for some extend it, the historical visualisation can make many years behind and new imagery collected almost every day. The main components of Google Earth Engine are datasets, compute power, APIs and code editor. For the datasets, an archive of the remote sensing maps is publicly available online. The user can browse and search for datasets according to the selected area. As one should note that geospatial data need imaging software for processing; thus, the Google's computational power is enhanced to be able for geospatial processing online. For the APIs, many programming developers had documented the source code, basically using Javascript and Phyton in the Earth Engine GitHub repository. A large number of images can be imported in the same API for the Javascript and Phyton. The Earth Engine Code Editor is a web-based IDE for the Earth Engine Javascript API. Thus, it also can be used for both the data provider and data user. For data provider, they can use coding scripts to generate the results. Methods for image analysis such as algorithm, filter, etc. can be generated in the GEE coding page. 






2. Methodology

This section introduces the method used to retrieve articles that is related to the environmental study by using Global Earth Engine. The reviewers used the method called PRISMA, which includes database resources (Scopus and Web of Science) used to run the systematic review, eligibility and exclusion criteria, steps of the review process (identification, screening, eligibility) and data abstraction and analysis.

2.1. PRISMA
This review was guided by the PRISMA Statement (Preferred Reporting Items for Systematic reviews and Meta-Analyses). PRISMA is an evidence-based set of the item that permits systematic research. The PRISMA Statement allows for a rigorous search of terms related to environmental studies using GEE reviews.

2.2. Resources
The review used two main journal databases – Web of Science (WoS) and Scopus. WoS is a robust database that has more than 33,000 journals. It includes various subjects that related to environmental studies, interdisciplinary social sciences, social issues and development and planning. Scopus is another database used in the review. 

Records retrieved using databases (Web of Science) 
(n = 31)
Records retrieved using databases (Scopus) 
(n = 38)





Records excluded due to published before 2013, published in the form of article review, proceeding, chapters in a book, report and book 
(n =  1 )




Total records after screened 
(40) 

Duplicates records are removed (n = 39) 




Full-text articles assessed for eligibility 
(n = 39)




Studies included in qualitative synthesis 
(n =  39 )
Full-text articles excluded, with reasons 
(n = 0)





Figure 1. A flow diagram detailing the application of PRISMA to the qualitative synthesis of published studies from 2013 to 2018.










SYSTEMATIC REVIEW PROCESS

1. Identification
A systematic literature search was undertaken in each of the following databases: Scopus and Web of Science (WOS). The search was conducted using the following terms: “google earth engine”, “GEE”, “remote sensing AND/OR GEE”, “environment AND/OR global”. After the search of databases, and the exclusion of duplications, 40 articles were identiﬁed. Using the inclusion and exclusion criteria to screen the titles, and/or abstracts, 39 articles remained. All of the articles are read and reread to determine their eligibility in the study. From this process, 21 articles and one thesis were included in this review (see Fig. 1).

Table 1: Searching of the databases
	Database
	Search String

	Scopus
	TITLE-ABS-KEY (("GOOGLE EARTH ENGINE") AND ( "REMOTE SENSING") AND ("GEE")) 

	Web of Science
	TS (("GOOGLE EARTH ENGINE") AND ( "REMOTE SENSING") AND ("GEE")) 




2. Screening
Eligibility and exclusion criterion is determined. First, concerning the literature type, only article journals with empirical data are selected in this study. The review article, book series, book, chapter in book and conference proceeding are all excluded in this research. Second, to avoid any confusion and difficulty in translating, the searching efforts excluded the non-English publication and focused only on articles published in English. Thirdly, concerning the timeline, a period of 5 years are selected (between 2013 and 2018), an adequate period to see the evolution of research and related publications. 

Table 2: Identification of criteria, eligibility and exclusion
	Criteria
	Eligibility
	Exclusion

	Time duration
	2013 and afterward
	Published before 2013

	Language
	English
	Non-English

	Document type
	Article (empirical data)
	Article (review), chapters in book, book, reports



2.1 Search Strategy

The researcher undertook a systematic review search in each of the following databases; WoS and Scopus. The search was conducted using the following terms; “Google Earth Engine”, “Earth Engine”, Remote Sensing and GEE. After the search of databases, and the exclusion of duplications, 53 articles were identified. Using the inclusion and exclusion criteria, 48 articles remained. From this process, only 31 articles were included in the review (Fig, 1).










2.2 Inclusion and Exclusion Criteria

All of the open and closed-access journals were selected in the review. The selected journal was from 2014 to 2018 and limited to the papers written in English. The only subject area from Earth and Planetary Sciences, Environmental Science, Social Science and Energy will be selected for this paper. The subject area that is not related to the environment, such as medicine and Business and Management were excluded from the reviews. 

2.3 Data Abstraction and Analysis
Analysis of this systematic review was done according to the research questions presented in Section 1. The theme of the analysis was categorised based on the methodology and types of environmental studies, as outlined in Table 2. The articles from each category were analysed according to the similar factor of environmental dimensions. The articles were assessed and analysed. Analysis was concentrated on specific studies that responded to the formulated questions. The information was extracted from the abstract, and then focus on the full articles to understand themes for the study. Qualitative analysis was conducted using content analysis.

3. Results
This reviewed systematically searched the Scopus and Web of Science (WoS) databases for articles in English that met the inclusion criteria, published between 2013 and 2018. The search identiﬁed 22 articles published from journals and 17 conferences publication. All of the papers reviewed had discussed on the GEE contribution to remote sensing images pre-processing. Six main themes were identiﬁed; This review is divided according to themes; 50 per cent of the articles conducted mapping studies (21 articles), 24 per cent of all papers on model development (10 articles), 12 per cent papers are done in change detection (5 articles), and 2 per cent from all articles has conducted on comparing algorithm, land suitability and long term measurement, respectively.

[bookmark: _GoBack]For the model development, there are four sub-themes; 6 articles in biophysical analysis, 3 articles in water studies and 1 article in climate analysis.  The change detection theme has 3 sub-themes; 2 articles in vegetation analysis and land cover detection and one article in oil palm cultivation. The mapping theme has 6 sub-themes; eight articles in cropland mapping, four articles in extraction urban area, seven articles in land use map and one article for bathymetry, forest and archaeology mapping, respectively—only one article of comparing algorithm, land suitability and long term measurement. 

3.1 Environmental studies using GEE

This section concentrates on the use of GEE in the environmental analysis, which covered the entire countries such as model development, change detection and mapping. The other themes are comparing algorithm, land suitability and long term measurement.

3.1.1	Model development
A total of 6 out of 42 studies has focused on biophysical factors to develop models using GEE. These studies (Campos-Taberner, Moreno-Martínez, García-Haro, Francisco Javier, Gustau Camps-Valls, Nathaniel Robinson, & Running, 2018; Jansen & Kolden, 2018; Workie & Debella, 2018; Xulu & Peerbhay, 2018; Jie, 2018; Chen et al., 2017; Shew & Ghosh, 2017) using MODIS 






satellite data, uses several biophysical factors to understand the vegetation phenology. All of these studies used GEE as its capabilities of using global and climate data records (CDR). The availability of remote sensing products in GEE and use of GEE cloud storage and parallel computing capabilities has to make GEE are useful in processing the imageries. Another one examined on climate on urban heat island (Ravanelli et al., 2018) to examine its impact with land cover change. Besides, (Chen et al., 2017) developed an algorithm of biophysical factors such as greenness, canopy coverage, tidal inundation, elevation, slope and intersection with sea criterion. 
Three out of 42 studies on the monitoring of water analysis (Gujrati & Jha, 2018; Huang et al., 2018; Tullio et al., 2018). Tullio et al., (2018) did on the glacier surface velocity using Sentinel data in GEE environment by processes 600 Sentinel-1 image pairs to obtain a continuous time series of velocity field measurements. Gujrati & Jha, (2018) did on surface water dynamics by using five year Landsat-8 imagery (2013-18) from GEE database has been used to study the surface water extent of large inland water bodies. However, (Huang et al., 2018) had used 1237 high spatial resolution images (Landsat series and Sentinel 1/2) to derive water surface areas with the Google Earth Engine (GEE), and satellite altimetry to derive water level.

3.1.2 	Change detection

Only six studies out of 42 did on the change detection (Celik, 2018; Hu & Dong, 2018; Nyland, Gunn, Shiklomanov, Engstrom, & Streletskiy, 2018; Okoro, Schickhoff, & Schneider, 2016; Sidhu, Pebesma, & Câmara, 2018; Zurqani, Post, Mikhailova, Schlautman, & Sharp, 2018) specifically on land cover change. Okoro et al., (2016) studied on the land cover change that was focusing on the palm oil areas by using 1999 to 2015 available images. Celik, (2018) used image indices such as Difference Built-up Index (NDBI), Bare Soil Index (BSI) and Soil-adjusted Vegetation Index (SAVI) to identify boundaries of urban areas. These studies (Hu & Dong, 2018; Nyland et al., 2018; Sidhu et al., 2018) used the land cover classification method to analyse on the change detection in the respective study areas. Zurqani et al. (2018) has observed the land cover change was due to the deforestation and reforestation of forest areas. The use of GEE infrastructure makes it efficient to run over image collections using tile by tile processing method using Google servers. These servers work in parallel and independently of one another.

3.1.3	Mapping

A total of 22 articles out of 42 studies are focused on the mapping studies using GEE technology. This theme was divided into five sub-themes; cropland mapping, extraction of the urban area, land use and forest mapping. There are 10 articles discussed on the cropland mapping using GEE environment (Alonso & Murcia, 2016; Kussul, Lavreniuk, Skakun, & Shelestov, 2017; Mandal, Kumar, Bhattacharya, & Rao, 2017; Massey, Sankey, Yadav, Congalton, & Tilton, 2018; Mohite, 2018; Shelestov, Lavreniuk, Kussul, & Novikov, 2017; Shelestov, Lavreniuk, Kussul, Novikov, & Skakun, 2017; Teluguntla et al., 2018; Xiong et al., 2017; X. Zhang, Wu, Ponce-campos, Zhang, & Chang, 2018). Both studies (Shelestov, Lavreniuk, Kussul, & Novikov, 2017; Shelestov, Lavreniuk, Kussul, Novikov, et al., 2017) used Classiﬁcation and Regression Tree and Random Forests (CART and RF) on atmospherically corrected Landsat-8 imagery. This processing was conducted in the GEE platform offers powerful capabilities in handling large volumes of remote sensing imagery that can be used, for example, for classification purposes and crop mapping for large territories. Xiong et al. (2017) had developed an automated cropland mapping algorithm which provides the needed cropland products for assessing food security. Besides, Teluguntla et al. (2018) and Mohite (2018) used the same method to produced accurate cropland extend product; 






by using a pixel-based supervised classiﬁcation approach with the RF classiﬁer on the GEE cloud computing platform. However, Zhang et al. (2018) and Massey et al. (2018) had integrated the pixel-based classiﬁcation (using a random forest classiﬁer) result with the object-based segmentation (using a simple linear iterative clustering (SLIC) method. Kussul et al., (2017) and Alonso & Murcia (2016) had used MODIS and Landsat-8 data due to availability long term time-series of Normalised Difference Vegetation Index (NDVI).

Only three articles (Goldblatt, You, Hanson, & Khandelwal, 2016; Patel et al., 2015; Zhang & Tang, 2018) are focused under the sub-theme of mapping; on the extraction of the urban area. Goldblatt et al. (2016) adopt a pixel-based classiﬁcation approach to detect built-up areas in India that utilises the full spectral imagery available in Landsat, as well as NDVI (Normalized Difference Vegetation Index) and NDBI (Normalized Difference Built-up Index) indices and apply three types of classiﬁers that are integrated into GEE: Classiﬁcation and Regression Tree (CART), Random Forest, and Support Vector Machines (SVM). Another scholar, (Patel et al., 2015) used automated supervised classification using GEE to estimate the urban growth with the integrated with population data. Lastly, Zhang & Tang (2018) used Open Street Map and MOD13Q1-NDVI to achieve the rapid and automatic generation of a large number of sample points.

The last section shows that only three articles on the land use/land cover map (Sawant & Mohite, 2018; Yang, Fu, Smith, Yu, & Group, 2017a; Yu et al., 2018). The diversify of the method has enriched the land use studies. Sawant & Mohite (2018) estimated land cover in the semi-arid region using multi-sensor using Landsat 7 and 8. Another research (Yu et al., 2018) used the GlobeLand30 (GLC30) 2000 and 2010 products as ground truth instead of manually labelling ground truth samples to produce land use and land cover maps in Bangladesh on Google Earth Engine (GEE) platform. In further, there is a study (Yang, Fu, Smith, Yu, & Group, 2017b) developed a robust regional land-use mapping approach by integrating OSM data with the earth observation remote sensing imagery.

3.1.4 	Comparing algorithm and land suitability
Two articles are comparing algorithms (Brinkhoff, Hornbuckle, & Barton, 2018; Puttinaovarat & Horkaew, 2018), and one article in land suitability (Yalew, Griensven, & Zaag, 2016). Brinkhoff et al., (2018) had compared the accuracy of the classifier algorithms and found that the classiﬁcation and regression tree (CART) classiﬁcation performed the best. Another research (Puttinaovarat & Horkaew, 2018) compare both K-Means and SVM has shown that SVM could better identify the plantation areas with precision. In fact, the system was implemented on the GEE, enabling ubiquitous accesses from interested parties. The land suitability analysis (Yalew et al., 2016) used a web-based framework that integrates global datasets from different sources for multi-criteria land suitability assessment using GEE platform. 

4. Discussion
The goal of this systematic review was to identify and describe previous literature on the use of GEE in the environmental study. The result indicates that GEE has been used in a diversity of practices. Within the scope of this review, three themes and 15 sub-themes emerged. Model development, change detection and mapping are the three main themes in the type of analysis using in the environmental studies.








The results of this paper shown that the usage of GEE is growing over the years, including in the environmental study. However, the advantages of easy accessibility of free historical imagery, thus enabling for a long term monitoring by the researchers. This study also found that there is also no study identified in East Asian countries. This could be a lack of awareness of GEE existence. 

Half of the paper reviews comes from environmental mapping studies. The richness of datasets, until up to 30 meters, which can be considered as a high resolution able to map a large territory for many environments and monitoring of the climate change. One problem noted is a missing data due to clouds and shadows that have impacted the datasets. Thus, one needs to find out better images for mosaic or fill in the effected one with a clearer image. This problem has made the analysis is a delay as pre-processing will took a bit longer to ensure the images is a good one. 

However, there are none studies on the disaster, and the geological application was found from this review. Thus, it needed more substantial attention towards this application since it's a freely available online. This also needs a technical understanding of the uses of GEE processing power to deliver timely products.

This study also found that as these images are freely available images that no cost for the data provider. This reviews identified that 59% of the articles Landsat, 18% used MODIS, while the other 15% of studies used Sentinel to analyse their research. The rest of the images used, 8% used World View, SAR and UAV. The pattern of using types of data shows that the researchers prefer to used Landsat due to it is rich with information, moderate resolution compared to MODIS, and it also had a long term dataset.

5. Conclusion
This systematic review has highlighted the use of GEE in environmental study. A summary of the theme and characteristic of GEE in environmental studies for 39 studies in this systematic review. Overall, GEE has opened a new big data paradigm for storage and analysis able to be conducted the cloud platform. The rich of data, its ability to store data, process and analysing data inside the platform has made this GEE are powerful. As the traditional remote sensing pre-processing images, we need to do it in the system one at a time; however, GEE offers us fast processing in this platform. 
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