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Abstract
COVID-19 can generate severe acute respiratory syndromes with serious pneumonia that may result in progressive respiratory failure and death. The acceleration and global  diffusion of COVID-19  (i.e., pandemic) has been associated with changes of atmospheric chemistry and air pollution. For example, nitrous dioxide (NO2) and particulate matter (like PM10 and PM2.5) concentrations can be responsible for the over-expression of the angiotensin converting enzyme-2 (ACE-2) in human respiratory cells. Due to the COVID-19 pandemic in 2020 the world human mobility has slowed down considerably as well as economic activity, and thus the atmospheric chemistry. This is when space monitoring becomes a crucial tool for the spatio-temporal surveillance of the disease. For example, in places where the pandemic has struck very hard, it is found and where the socio-economic impacts are huge, air-pollution has diminished considerably through less nitrous dioxide for example (i.e., less industrial activity, less transport and circulation). Monitoring COVID-19 in real-time using proxies on air and chemical pollution in the atmospheric boundary layer,  from space and from space agencies (i,e., CNES, ESA, NASA, JAXA, ASI, ASC, INPE among others) could be delivered deliver to Health Information Systems (HIS) for decision makers involved with Public Health. 
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I Introduction
Atmospheric particles from primary (i.e. dust in Sahel) and secondary particulates (PM), may transport airborne pathogens, bacteria and viruses to large distance. Examples of measles and/or meningococcal  meningitis outbreaks occurring during dry seasons in Niger (Ferrari et al., 2008). In any case moving from local cases of infected patients to pandemic like COVID-19 requires the airborne pathogens being transported by different means. Recent specific studies and laboratory experiments of Van Doremalen et al. (2020) indicated that airborne and transmission of SARS-C was plausible, since the virus remained alive and infectious for hours. 
. 
Two major transport mechanisms radically opposed can be considered. The first one and probably the most important one for diffusion of the disease relies on Human-to-Human transmission (H2H). Social interactions are obviously responsible for H2H and can generate an epidemic situation. Since viruses may survive in the air and travel over intermediate distances in the planetary boundary layer (PBL). The second transport mechanisms over longer distances can be through airborne PM and  civil aviation flights which could all contribute to a global pandemic. There is enough evidence to consider the airborne route in the PBL, with a possible role of particulate matter (PM10 and PM2.5 , Copat et al., 2020, Wathore et al., 2020, Fan et al., 2020). as enhancing factors for COVID-19 outbreaks as observed in Northern Italy for example (Lancet, 2020). 
The aim of this review is to describe potential mechanisms of Coronavirus diffusion, its impact on health issues and how spatial monitoring could give insights on COVID-19 diffusion mechanisms.
II COVID-19, small particulates and air quality
A. Small particulates (PM) and impacts on humans
Small particulates such as PM10, PM2.5  associated with air pollution is known to cause abnormal inflammatory and deleterious cardiovascular effects. Whilst their concentration is a function of seasonality (Hand et al, 2012) , these particulates could indirectly affect the cardiovascular system by: i) enhancing the release of proinflammatory and procoagulant by lung cells, ii) inducing autonomic dysfunction. But these  particulates also directly affect the cardiovascular system by enhancing vascular inflammation and pro-atherosclerotic lesions. The latter has a direct effect on the arterial wall as measured by an increase in arterial rigidity and/or coronary calcification.  Both direct and indirect effects may explain the increased risks of ischemic heart disease and stroke leading to poor cardiovascular outcome ( Zanobetti, and Schwartz, 2007; Adar et al, 2013; Kaufman et al, 2016; Kim et al, 2017).  PM10, PM2.5 irritate human airways and causes respiratory diseases including bronchiolitis among( youngsters (Carugno et al., 2018; Mansbach et el., 2020) . It has been measured that Incidences of airway disease and the frequency of asthma or chronic obstructive pulmonary disease (COPD) are increasing (Stevanovic et al.,2016) . More over  incidences of lung cancer are also expected to increase (Cui et al., 2015). The mechanisms on how airway reacts when inhaling PM is still not well understood, but the inflammation could facilitate COVID-19 impacts on humans (Choi et al., 2020). 
The novel coronavirus disease (COVID-19) is a highly pathogenic, transmittable and invasive disease caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which emerged in December 2019 and January 2020 in Wuhan city, Hubei province, China and fast spread later on the middle of February 2020 in the Northern part of Italy and Europe (Figure 1).
Accelerated diffusion and lethality of COVID-19 and the PM10 (and PM2.5) surface air pollution in Milan metropolitan area, Italy were observed. From a collection of PM concentration in the planetary boundary layer Planetary Boundary Layer-PBL during 1 January–30 April 2020 were analyzed. Bedsides COVID-19 primarily transmitted by indoor bioaerosols droplets and infected surfaces, it seems like that high levels of urban air pollution, weather and specific climate conditions had a combined significant impact on confirmed cases of COVID-19, whilst lower levels of NO2 are associated with increase concentration of O3 through less titration by NO (Clark et al., 2015, Zoran et al., 2020). 
B. Monitoring PM from space 
Transmission dynamics of COVID-19 in specific environments are due to two mechanisms given by: air pollution-to-human transmission and human-to-human transmission.  The mechanisms of air pollution-to-human transmission seems to play a critical role. It is  suggested that to minimize future epidemic the maximum number of days per year in which cities can exceed the limits set for PM10, PM2.5 (or for ozone as a function of meteorological condition ) is less than 50 days. Passed that threshold, the combination between air pollution and meteorological conditions (with high humidity, low wind speed and fog) triggers the viral infection and epidemic diffusion. The latter will damage  health of population, economy and society (Scatteia and Ravichandran 2020) as a whole.
Multispectral PM10 model can predict particulate matter concentrations with an acceptable level of accuracy. This is when monitoring from space the concentration of small particulates becomes of the surface reflectance bands (visible and infrared) from Landsat-7 ETM+, Landsat-8 OLI/TIRS, and Aqua-Terra/MODIS sensors. The data can be compared to estimate the PM10 concentration, using different predictive techniques(stepwise regression, partial least square regression, and artificial neuronal network (ANN). The model is able to estimate PM10 in regions where air data acquisition is limited. The best model selected allows the generation of PM10, PM2.5 concentration maps constituting a technique to estimate pollutants, especially when few air quality ground stations are available (Saraswat et al., 2017; Alvarez-Mendosa et al., 2019).
Another approach to monitor PM2.5 is through  geo-intelligent deep learning model (fusion between satellite and station observations)  to better represent the aerosol optical depth (AOD) and PM2.5 relationship (Zhang and LI, 2015). The deep learning based AOD-PM2.5 modeling of China accurately estimated PM2.5 concentrations. It is predicted that over 80% of the Chinese population live in areas with an annual mean PM2.5 greater than the WHO IT-1standard (353/gm)in 2015. This is a promising approach for air pollution monitoring of large geographical regions (Li et al., 2017).
Finally, satellite-derived total-column optical depth or AOD, when combined with chemical transport models, provides estimates of global long-term average PM2.5 concentrations (Donkelaar et al, 2010)
III COVID-19, atmospheric chemistry and air quality
A. [bookmark: _Hlk56675767]Nitrogen dioxide (NO2 ) and impacts on humans

Nitrogen dioxide (NO2) is mainly man-made gas, and excess exposure to it will cause inflammation with lung damage and respiratory problems. This is amplified by the effect of NO2 on the endothelium (i.e., endothelial dysfunction, activation and injury through oxidative stress and inflammatory reactions) associated with autonomic dysfunctions. While endothelium damage could promote vasospasm, atherosclerosis and thrombosis, neural involvement triggers sympathetic activation and vagal withdrawal. These abnormalities could lead to coronary and cerebrovascular damage but also to arrhythmia and heart failure partly explaining NO2-related increase in short- and long-term mortality.  It also plays an important role in atmospheric chemistry, because it leads to the production of ozone. Nitrogen oxides are produced by emissions from power plants, heavy industry and road transport, along with biomass burning. NO2  concentration in industrial areas can thus be monitored using remote sensing from space. In-situ ground-based data measuring networks are generally sparse the ground and do not allow a global view from satellites, and the assessment of local pollution versus advection.

One of an interesting observation is the increase of ozone through less titration by nitric oxide. Through GOME-2  (see following  section B) short term variation of ozone  tropospheric concentration can be evaluated. See also tropospheric O3 measurements from the Infrared Atmospheric Sounding Interferometer (IASI), which was launched on board  of the MetOp-A European satellite in October 2006 (Clerbaux et al., 2009,  Dufour, 2012). This kind of data is very important since ozone in the boundary layer  also affects the respiratory system. Sentinel-4 should support this kind of research. Increase of ozone concentration was in deed measured in several cities (Nice, Roma, Valencia, Turin…) during COVID-19 pandemic (Sicard et al., 2020).

B. Monitoring NO2 from space

Space-based sensors are the only way to carry out effective global monitoring of Nitrogen dioxides as demonstrated with the Global Ozone Monitoring Experiment (GOME) on ESA's ERS-2 a precursor of the German, Dutch and Belgian financed SCIAMACHY flying on Envisat.
[bookmark: _Hlk53632774]From space, NASA’s Ozone Monitoring Instrument (OMI) aboard the Aura satellite  (Bechle et al., 2013) and the European Space Agency (ESA) TROPOspheric Monitoring Instrument (TROPOMI) aboard the Sentinel-5P satellite have provided the data showing of rapidly falling nitrogen dioxide (NO2) concentrations  around the world due to people sheltering in place during lockdown),  and lowering of industrial activities and transportation (Figure 2, for northern Italy). Another example is at the end of 2019, when medical professionals in the Wuhan Province  (China), were treating dozens of pneumonia cases.  The illnesses were caused by COVID-19. Concentrations of nitrogen dioxide, emitted by motor vehicles, power plants, and industrial facilities, dropped down across China as monitored by TROPOMI  As of February 28, 2020, the virus had spread not only over China but had been detected in at least 56 countries. The dramatic drop-off of NO2 concentrations over such wide areas was due to  the economic recession associated with COVID-19 pandemic
Since 2004, OMI has been measuring total column NO2, an air pollutant associated with burning fossil fuels. In addition, ongoing observations from the Visible Infrared Imaging Radiometer Suite (VIIRS) Day/Night Band on the joint NASA/NOAA Suomi NPP mission, have provided insighst into recent changes in global human activity.  
The datasets are also being used to help shed light on our understanding of the spread of COVID-19. The Socioeconomic Data and Applications Center (SEDAC) has launched a new interactive and freely available mapping tool which allows overlaying with data from the Johns Hopkins University of Medicine Coronavirus Resource Center on the spread of COVID-19.
The work which must be done is to determine whether any hydroclimatic observations, such as air-pollution, temperature and/or humidity, even seasonality may impact the spread of COVID-19.
NASA is exploring additional partnering opportunities beyond its current joint Earth-observing satellite operations with the European Space Agency (ESA) and the Japan Aerospace Exploration Agency (JAXA) to collaborate on Earth science research related to COVID-19. For example,  economic, agricultural and environmental impacts are been studied from the COVID-19 pandemic.
Globally, indicators for air quality and atmospheric elements such as  NO2 looks into factors that include tracking ships at ports, the number of new vehicles parked near automobile factories and agriculture production. In Germany, for instance, the COVID-19 lockdown affected the movement of seasonal agricultural workers, such as the harvesting of asparagus, a labor-intensive activity. A significant drop was found in the German federal state of Brandenburg (20% to 30% lower asparagus fields)
Satellite observations allowed for monitoring continuously the cultivated white asparagus fields documenting a 20 percent to 30 percent lower area in March and April during the lock down in Brandenburg (role of seasonality as mentioned earlier). In China and Singapore, using Copernicus Atmosphere Monitoring Service (CAMS), NO2 concentration dropped considerably (Figure 3) while fewer new vehicles were parked at an automobile factory near Beijing Airport in China and the density of new cars and containers had diminished  at the port in Singapore. Initial studies suggest that COVID-19-related emission reductions will slow also the speed at which GHG accumulate in the atmosphere.
IV Discussion and Conclusion
	In places where the pandemic has struck very hard, it is found the socio-economical impacts are huge, and as one of the consequences the air-pollution  (i.e., particular matter and chemical compounds) has diminished considerably. For example, there is less Nitrous dioxide (NO2) concentration since less industrial activity, less transport and circulation. Thus following the argumentation of point made earlier , this should contribute to a lesser diffusion of the virus.

	A correlation seems to exist between COVID-19 cases, virus diffusion and anthropogenic pollution involving small particulate matters (PM10, PM2.5 having sizes less  than 10 and 2.5 microns) . So, on the one hand the virus could travel over longer distance as originally thought (e.g., greater than close contacts), whilst on the other hand the small particulates (PM) through inflammation of the respiratory system and pulmonary cells could favor human susceptibility (Comunian et al., 2020, Rodriguez-Urrego D and L, 2020). Also, when patients have  breathing problems, the probability of PM2.5 entered into the lungs is higher, whilst particle deposition is  distributed mainly over the upper respiratory tract which could lead to heart failure (Zhang et al., 2016). 

Spatial  monitoring in real-time of PM and NO2  from the space agencies (CNES, ESA, NASA, JAXA, ASI, ASC, INPE among others)  could give insights on COVID-19 diffusion mechanisms. Mapping the global atmosphere using data from the Sentinel-5P satellite already provides high-resolution data on several  greenhouse gases (GHG) and aerosols (such as PM). All  affecting climate variability and change as well as air quality and public health. Thus, the spatio-temporal analyses will provide  key elements contributing to Early Warning Systems  and Health Information Systems (EWS and HIS) for COVID-19. It should also bring material to decision makers involved with Public Health. Applications are described hereafter using two examples for space monitoring of small particulates (PM, section II) and atmospheric chemistry (NO2 , section III).
Thus, actions must be taken  against varying ecosystems and anthropogenic activities (pollution) that might trigger new and unexpected threats to human health such as  the COVID-19 pandemic. This is particularly important in  a climate change context, when anticyclonic patterns (blocking ridges) may increase concentration of particulate matter and chemicals in the PBL (Ogen. 2020). The  reservoirs of COVID-19 are of course humans and  possible concentration from the ingested air is dependent upon the density of infected population in a specific area 
Monitoring the variability of spatial distribution of small particles and gases from space should contribute to the development of precaution principles applied to  public health. More studies are needed to strengthen scientific evidences and support firm conclusions. Significant statistical analysis and proven physical mechanisms from major findings must be consistent. This paper shows the important contribution of  satellite surveillance of PM2.5 , NO2  (and potentially  O3 ) triggering COVID-19 spread and lethality. In addition, and in order to identify all the possible sources/clusters it would be very interesting to test the hypothesis that scaled physical and chemical characteristics of the PBL including ground meteorological data such as local/altitude gradient of temperature and atmospheric pressure, hygrometry, wind speed, aloft; the presence and details (density and dimensions) of air transported particles in suspension (advection). 
Today particle and chemical characteristics (PCC) dynamics  through data (real-time monitoring) is available for most nations where the COVID-19 epidemic developed. Simultaneous, viral infection spread (VIS) kinetics in most large European cities are now known. VIS kinetics data would include the local density of human population and timed details such as the incidence rate of viral infection (based on testing strategy), the density of infected patients, the intensive care unit (ICU) bed occupation rate, the filling rate of hospital beds with infected patients. 

A in a project using all the data describe above (from space and in-situ data) it would be very interesting to compare simultaneous timed PCC dynamic data with VIS kinetics. Standard statistics (logistic regression) may allow to identify specific correlations among them. Installing a machine learning superimposing PCC dynamics and VIS kinetics data would help to identify the impact of air bridges and corridors upon viral infection spread. Secondly, Artificial Intelligence may help to sort out which of PCC elements of the PBL might be involved in the transportation mechanisms. 

The above knowledge would help models’ development and would make it possible to understand why a local infectious phenomenon concerning an airborne very contagious pathogen is evolving towards an epidemic and how to anticipate it and possibly block-off its progression by using drastic political decisions: imposing strict (intense and deep) containment of populations, the installation of a curfew, the systematic continuous wearing of facemask outside the private area; before a global pandemic situation occurs in the absence of vaccines. 
This discussion and upcoming scientific projects are meant to contribute to Health Information Systems (HIS) in order to facilitate key actions and resolutions for policy and decision making.
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[bookmark: bau0005] Figures Captions
Figure 1: Regional satellite-derived averaged PM2.5 concentrations (µg/m3 ) for 2001–2006 with population density per km2  (left) and surface elevation in meters (right) (from Dankelaar et al., 2010). Heavily populated and highly polluted, along with low-lying regions of eastern China and the Pô Valley of northern Italy are easily identified.
[bookmark: _Hlk54342898][bookmark: _Hlk54346026]Figure 2: Evolution of NO2 concentration in Northern Italy. Imagery of monthly average of  NO2 concentration levels (µmole/m2) in the tropospheric column, measured by the Copernicus Sentinel-5P satellite  before, during and after the lockdown period over the Padana Plain. As the lockdown began in March 2020, the drop of NO2 levels is particularly visible in the map of April 2020. (Credit : European Union , Copernicus Sentinel-5P, July2020).
[bookmark: _Hlk54945791]Figure 3: Over China, the Copernicus Atmosphere Monitoring Service (CAMS) observed a major drop in NO2 emissions (µmole/m2) during February 2020 as factories were closed and streets and highways were cleared from traffic (Courtesy of Eurisy, 2020). https://www.eurisy.eu/what-we-can-learn-from-the-corona-crisis-with-satellite-data_46/
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