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ABSTRACT: The global outbreak of the COVID-19 pandemic has spread worldwide, affecting almost all countries and territories.
Various social-economic and environmental factors influence the outbreak and spread of the epidemic. Many modern techniques
have been widely employed to study the COVID-19 pandemic. This paper aims to give an overview of applications offered by
remote sensing techniques to study the COVID-19 pandemic through summarising a total of 55 scientific papers. Three different
issues related to the COVID-19 pandemic is presented under three sub-sections; namely (1) applications of remotely sensed images
on monitoring environmental changes and (2) the analysis of social and economic impacts caused by the COVID-19 pandemic, and
(3) the use of remote sensing in studies of the epidemiology of SARS-CoV-2. The findings of this study provide important insights
into how to apply such an advanced techniques as remote sensing in the fight against the COVID-19 pandemic. The varied
applications of remote sensing affirms the value of this advanced technique to the study of small-to-large scale disasters in general
and of the COVID-19 pandemic in particular.
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1. INTRODUCTION

In December 2019, an outbreak of pneumonia epidemiologically linked to the Huanan Seafood Wholesale Market was reported in
Wuhan, Hubei Province, China (1). Based on phylogeny, taxonomy, and established practice, the Coronavirus Study Group of the
International Committee on Taxonomy of Viruses named this type of pneumonia as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) (2). The global spread of SARS-CoV-2 and the thousands of deaths caused by the 2019 coronavirus disease
(COVID-19) led the World Health Organization (WHO) to declare a global pandemic on 12 March 2020 (1). Later, on January 30,
2020, the WHO declared the COVID-19 outbreak as the sixth public health emergency of international concern; therefore, this
outbreak constitutes a public health risk through the international spread of disease and requires a coordinated international response
(2). The global pandemic of COVID-19 has been reported as a social, human, and economic crisis (3). To date, the world has paid
a high toll in this pandemic in terms of human lives lost, economic repercussions and increased poverty (1). Globally, as of 28 June
2023, data from the WHO revealed that there have been 767,518,723 confirmed cases of COVID-19, including 6,947,192 deaths
(4). It is, therefore, an advanced technique as remote sensing in the study of COVID-19 pandemic plays an important role in the
fight against the COVID-19 pandemic.Remote sensing is the process of detecting and monitoring the physical characteristics of an
area by measuring its reflected and emitted radiation at a distance (typically from satellite or aircraft). Remote sensing allows
acquiring information about the Earth's surface without actually being in contact with it (5). Satellite remote sensing data was used
widely by government, humanitarian, and private bodies during the pandemic (6). The information derived from remote sensing
imagery has been widely utilized in contexts like sustainable development (7-9), disaster management (10,11), environmental
degradation (12-14), natural resource management (15-18) , and climage change studies (19-21). It is also commonly used in the
development processes like soil (22,23), forestry (24,25), geology (26,27), and agriculture (28,29). Recent years, the applications
of remote sensing data to studies of human health (30,31), especially in infectious disease research have been also reviewed (31). A
recent study has revealed that a small number of investigators in the health community have explored remotely sensed environmental
factors that might be associated with disease-vector habitats and human transmission risk (30). However, most human health studies
using remote sensing data have focused on data from Landsat’s Multispectral Scanner (MSS) and Thematic Mapper (TM), the
National Oceanic and Atmospheric Administration (NOAA)’s Advanced Very High Resolution Radiometer (AVHRR) (30). The
applications of collection 1 imagery from the Operational Land Imager (OLI) and Thermal InfraRed Sensor (TIRS) on
board Landsat 8 and 9 remain limited. This article aims to give an overview of applications offered by remote sensing techniques on
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the study of COVID-19 pandemic. The content is presented under three sub-sections; namely (1) applications of remotely sensed
images on monitoring environmental changes and (2) the analysis of social and economic impacts caused by the COVID-19
pandemic, and (3) the use of remote sensing in studies of the epidemiology of SARS-CoV-2.

2. MATERIALS AND METHODS

2.1. Materials

A total of 55 scientific papers colected mainly from Web of Science, SCOPUS, and Google scholar databases was used in this study.
These papers were mainly published in recent years and selected based on their high number of citations.

2.2. Methods

We firstly queried Web of Science, Google Scholar, and SCOPUS databases with different combinations of keywords including
‘applications’, ‘remote sensing’, ‘Landsat images’, ‘satellite imagery’, ‘the COVID-19 pandemic’ and ‘review’ or ‘Overview’. Four
different sub-topics was then identified based on applications of remote sensing in the study of the COVID-19 pandemic. Based on
search results, search terms were refined to get more specific results for each topic, e.g., ‘environmental changes’, ‘social and
economic impacts caused by the COVID-19 pandemic’, and ‘remote sensing in the epidemiology of SARS-CoV-2’. Finally,
different types of remote sensing methods and their applications in the COVID-19 studies were summarised and discussed.

3. RESULTS AND DISCUSSIONS
3.1. Monitoring environmental changes and impacts of the COVID-19 pandemic

During the COVID-19 pandemic the sudden halt of transport networks and people's activity suddenly halted led to a reduction in
the various types of pollution and environmental impacts that are associated with anthropogenic activities (6). Remote sensing has
been widely applied to monitoring these changes in the atmosphere, biosphere, and hydrosphere during the pandemic. When
analyzing data from the Sentinel-5P and the Himawari-8 satellites to examine concentrations of NO,, HCHO, SO, and CO, and the
aerosol optical depth (AOD) over the BTH, Wuhan, Seoul, and Tokyo regions in February 2019 and February 2020 to investigate
the impact of the coronavirus outbreak and the resulting lockdown of public venues on air pollution levels in East Asia, it was found
that in many regions of East China, particularly in Wuhan, ozone production in February 2020 is less NOx saturated during the
daytime than it was in February 2019 and significant increases in surface ozone in East China from February 2019 to February 2020
are likely the result of less reaction of NO and O3 caused by significantly reduced NOx concentrations and less NOx saturation in
East China during the daytime (32). Using the MCD19A2v006 data product, a study has shown that lockdown events have reduced
the population-weighted concentration of nitrogen dioxide and particulate matter levels by about 60% and 31% in 34 countries (33).

With the help of time-series remote sensing images, when assessing the lockdown effects on total suspended solids concentrations
in the Lower Min River (China) during COVID-19, it was revealed that the decline of TSS in the lockdown period was due largely
to the substantially-reduced discharges from industrial estates, densely-populated city center, and river’s shipping (34). With the
aim of determining the COVID-19 pandemic consequences on the Tangier coastal environment in northern Morocco, WST sentinel-
3 data has been successfully used to reveal that there was a positive impact of the COVID-19 pandemic consequences on the coastal
environment quality in the study area and a decreasing the industrial discharge on the west coast of Tangier (35). Recently, using
two remote sensing techniques: spectral reflectance and chromaticity analysis, an indicative analysis is adopted to understand the
effect of lockdown on the changes in the water quality parameters for Lake Hussain Sagar (36). When quantifying COVID-19
enforced global changes in atmospheric pollutants using cloud computing based remote sensing, the study results showed that
statistically significant reductions are observed over megacities with mean reduction by 19.74%, 7.38% and 49.9% in nitrogen
dioxide (NO,), aerosol optical depth (AOD) and PM. concentrations (37). Most recently, when assessing the effect of covid-19
lockdown on surface urban heat island for different land use /cover types using Landsat 8 OLI/TIRS images, it was found that for
New Delhi, Hyderabad, and Mumbai, the mean land surface temperature decreases by 5°C, 1.9°C, and 0.26°C, respectively, in April
2020 (after lockdown) in comparison with April 2019 (38). In addition, environmental changes and impacts of the COVID-19
pandemic using remote sensing has been also successfully monitored and assessed in many COVID-19 badly-affected countries
such as China (39,40), Italy (41), and India (42) etc

3.2. Assessing social and economic impacts of the COVID-19 pandemic

Since the pandemic spread globally, the economies of almost all countries were affected (43). Accordingly, attempts have been
made on the study of changes and impacts of the COVID-19 pandemic on social and economic activities like changed distribution
of people between urban and rural areas, loss of people's livelihoods, and changes to food supply and employment (44). For example,
the economic activities can be directly obtained from high-resolution imagery such as WorldView-3 images (45). When analyzing
spatial temporal traffic patterns during the COVID-19 epidemic, it was found that, vehicles during the COVID-19 epidemic could
be dectected from Planet remote-sensing satellite images (46). In this study, high temporal Planet multispectral images (from
November 2019 to September 2020, on average 7.1 days of frequency) were successfully utilized to detect traffic density in multiple
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cities. With the aim of support city-scale decision-making during COVID-19 pandemic, another study has shown that human and
economic activities could be measured from satellite imagery to support city-scale decision-making during COVID-19 pandemic
using a deep learning approach (44). This study also revealed that satellite imagery can support the decision-making of analysts and
policymakers by providing a different kind of visibility into the unfolding economic changes during the COVID-19 pandemic (44).
Using flying airplanes, economic activities for a wide range of spatial areas were successfully measured from space. This study
found that drops in the number of flying aircraft over Europe could be detected from Sentinel 2 imagery (47). These social and
economic activity-related data can benefit studies on the spatial variation and timing of economic impacts caused by the pandemic
(6). A recent study in Western India has investigated the impact of COVID-19 lockdown on the fisheries sector (48). In (48), high-
resolution PlanetScope data for monitoring and comparison of “area under fishing boats” during the pre-lockdown, lockdown, and
post-lockdown phases was utilized. It was also found that during the peak of the lockdown, it was found that the “area under fishing
boats” near the docks and those parked on the land area increased by 483%, 189%, and 826% at Mangrol, Veraval, and VVanakbara
harbor, respectively (48). In addition, examining the economic and environmental impacts of COVID-19 using earth observation
data was also carried out in Los Angeles, California; Chicago, Illinois; Washington DC from February to April 2020 (49). The
preliminary analysis revealed that the reduction in mobility involved reduced economic activity (a decrease in energy consumption
as measured by the radiance from the DNB data) that impacted on gross domestic product, poverty levels, and the unemployment
rate (49). Although, remote sensing does not replace conventional sources like economic surveys, satellite imagery still offers the
advantage of being able to measure a variety of indicators from the same data source, bypassing the complexity of integrating
information from heterogeneous sources that have differing formats, spatial and temporal resolutions, and are compiled and stored
by different stakeholders in different locations (6). Remote sensing has proved the effectiveness in the assessment of social and
economic impacts of the COVID-19 pandemic.

3.3. Studying the epidemiology of SARS-CoV-2

Remote sensing is recognized as a tool to aid the study of the spread, distribution, and causes of diseases and other health conditions
by giving spatial information about determinants of diseases, like disease vector habitats (in the case of vector-borne diseases), or
meteorological conditions associated with the spread of the disease (50). It is, therefore, remotely sensed data was widely employed
in the epidemiology of SARS-CoV-2 in many studies. A lots of attemps have been made on the study of propagation of COVID-
19. One of the first study on the impacts of meteorological variables on the propagation of COVID-19 has discovered that the
distribution of significant community outbreaks along restricted latitude, temperature, and humidity are consistent with the behavior
of a seasonal respiratory virus (51). Later, when investigating the role of meteorological factors in the transmission of SARS-CoV-
2 in the United States using ground-based, radar, and weather satellite data, it was indicated that cold and dry weather and low levels
of ultraviolet radiation are moderately associated with increased SARS-CoV-2 transmissibility, with humidity playing the largest
role. Using ERAS5 hourly data (52). Another study in US cities was successfully carried out to evaluate the association between
COVID-19 cases and meteorological parameters (local air temperatures, humidity, and air pressure). It was suggested that weather
should be considered in infectious disease modeling efforts (53). Remotely sensed data allowed researchers to study the association
of temperature and humidity and the COVID-19 transmission in Mainland China (54). The study results of (54) showed that every
1°C increase in the average temperature led to a decrease in the daily confirmed cases by 36% to 57% when average relative humidity
was in the range from 67% to 85.5%. Every 1% increase in average relative humidity led to a decrease in the daily confirmed cases
by 11% to 22% when average temperature was in the range from 5.04°C to 8.2°C (54). Apart from meteorological variables, the
impacts of environmental variables on the propagation of COVID-19 have been also attracted much of attention. Nitrogen dioxide
(NOy) is one of the important environmental variables that mainly affects the respiratory system by increasing the risk for respiratory
tract infections (6). Recent studies using remotely sensed data also revealed that exposure to NO2 may be one of the most important
environmental determinants for the spread and fatality caused by the COVID-19 disease (55). It can be seen that remote sensing
techniques are was particularly useful in epidemiological studies of SARS-CoV-2.

4. CONCLUSIONS

This paper summarised applications of remote sensing techniques in the study of the COVID-19 pandemic. A total of 55 scientific
papers has been discussed. Three different issues related to the COVID-19 pandemic is presented under three sub-sections including
applications of remotely sensed images on monitoring environmental changes, the analysis of social and economic impacts caused
by the COVID-19 pandemic, and the use of remote sensing in studies of the epidemiology of SARS-CoV-2. The results of this
review indicate that remote sensing techniques have proved their effectiveness not only in monitoring environmental changes and
in the assessment of social-economic and environmental impacts of the COVID-19 pandemic, but also in the study of the
epidemiology of SARS-CoV-2. The findings of this study provide important insights into how to apply such advanced techniques
as remote sensing in the fight against the COVID-19 pandemic. It can be concluded that remote sensing is a very useful tool in its
various applications, especially in such disaster situations as the COVID-19 pandemic.
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