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Abstract

Healthcare providers such as the World Health Organization, transnational and global health initiatives, the national
healthcare systems, down to the smallest villages and individual practitioners and professionals could benefit from geo
referential  data  and  metadata  and  3D digital  assets  provided  by space  technology.  Health  prevention  and  literacy
programs, mortality and morbidity rates, including contextual statistical data about populations and territories are being
already produced and accessible. The hypothetical frame of a Digital Health Earth hereto presented could be performed
as  the  interoperability  of  3D  representations  of  sectors  of  territories  and  geolocalized  layers  about  health  and
environment. SDG Goals crossed with WHO programs and available data can become the premises for the design and
development  of  a  global  representation  of  healthcare  situations,  highlighting  priorities  and  disseminating  data  by
intuitive  and  interactive  modes  of  visualization  as  it  is  already  happening  with  2D dashboards  about  COVID-19
pandemic. Healthcare practitioners, professionals, health managers, but also patients, proxy, social workers, laypeople,
stakeholders  and  media  could  benefit  from visualizing  and  comparing  Digital  Earth  health  data.  Concerns  about
privacy,  digital  divide  and  social  exclusion from primary  care  services  and  how quality  of  lives  might  occur  are
considered  here.  As a consequence  of  Space Technology,  especially  for  its  connection with the Satellite  industry,
Digital Health Earth, will contribute to the development of a new added value economic branch inside the increasing
market of the Space Economy Revolution.
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Introduction

Since the Corpus Hippocraticus from the 5th Century B.C. empirical evidence has related

medicine and healthcare to places. Peculiar situations and local conditions have always helped in

healing and taking care of people, involving either practitioners, or laypeople. In fact, according to

World Health Organization (WHO), health can be defined as “a state of complete physical, mental

and  social  well-being  and  not  merely  the  absence  of  disease  or  infirmity”  (WHO.int,  1948).

Nowadays and as evolution of the paper cartography,  GIS can support quality  of life given its

usefulness in connecting data about phenomena, happening on local spots and at global level.

Science of medicine, surgery and healthcare have developed statistical means and records in

order to understand phenomena and develop patterns,  starting at  local  level  by local  resources.

Globalization and networks could combine individual efforts and experiences into a global digital

frame to provide information about health data, resources and actions. 
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Neogeography  as  an  implementation  of  a  new  scientific  principle  and  a  summa  of

technological achievements (Turner, 2006) applied to healthcare could bring a new and integrated

way to deliver health information literacy, produce research, provide care and enact prevention all

over the globe. This might be possible starting from implementing world programs in health for

Earth frame. In June 1992, at the Earth Summit in Rio de Janeiro, Brazil, more than 178 countries

adopted the Agenda 21, a comprehensive plan of action to build a global partnership for sustainable

development to improve human lives and protect the environment by 17 Sustainable Development

Goals.  Most of such goals feature a clear connection between health and environment,  but still

today is hard to harvest data about SDG and their impacts, probably as the quantity of data to be

crunched are not providing yet the useful leverage to  ad hoc policies to face the environmental

disruption and the consequences on human life and condition.

Digital technologies can provide solutions to pursue such goals. Changes in the last decades

must be monitored by  ad hoc technologies (Shupeng & van Genderen, 2008), especially on the

quality  of  life  and  conditions  about  the  habitat  coming  from the  interaction  with  humans  and

between humans. It is be known how much the interaction of users with digital applications can be

represented and tracked by data (Butler, 2006). 

According to the International Society for Digital Earth (ISDE), Digital Earth is the result of

“digital technologies to model Earth systems, including cultural and social aspects represented by

human societies living on the planet” (ISDE, 2012). The concept of Digital Earth traces back to

1998 when Al Gore presented his visionary concept of a Digital  Earth as a “a multi-resolution,

three-dimensional  representation  of  the  planet,  into  which  we  can  embed  vast  quantities  of

georeferenced data” (Gore, 1998). Talking about geospatial data, Gore outlined the difficulties of

taking advantage of this vast amount of data. He envisioned applications where “information can be

seamlessly fused with the digital map or terrain data” allowing the user to move through space and

time.  To  achieve  this  vision,  a  collaborative  effort  from  government,  industry,  academia  and

citizens is needed.

The  Digital  Earth  might  be  defined  as  a  global  strategy  (Chen,  1999)  highly  related  to

Geoinformation Science (Chen, 2004). A decade after the Gore's vision presentation, a Digital Earth

project was presented. Since then, a global effort started developing a technology framework to

preserve the planet in support of human societies (Liu, et al., 2020).

Therefore, the project of Digital Earth (Goodchild, 1999) might benefit as well from adding a

health perspective to the project.
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Health data driven dashboards towards 3D representation

Digital  technologies  are  already  producing  data  about  access,  productivity,  networks,

reputational rates, areas, or other phenomena about users and their offline or online activities on

websites,  social  network sites,  or  platforms;  such layouts  of  multiple  representations  are  called

dashboards. Dashboard could be defined as a “visual display of the most important information

needed to achieve one or more objectives;  consolidated and arranged on a single screen so the

information can be monitored at a glance” (Few, 2006). In our case, a possible definition for an

online health  dashboard is a two-dimension interface that  provides visualization and interaction

with data  about  health  in a given area of the world,  in  a specific  time span. During these last

months,  the  design and adoption  of  dashboards  have  increased  a  lot,  as  they  can  monitor  and

represent pandemic situations and statistics about rates of infection,  casualties and healed cases

from the virus. 

It can be stated that, due to the pandemic itself, the connection of information age and real

time health issues have been cleared and made computationally working (Geraghty & Frye, 2020).

A vivid example comes from a former project of John Hopkins University developing a dashboard

able to crunch data and provide real time data queries about the covid pandemic.

Further  examples  of  health  dashboards  created  to  monitor  COVID-19 can  be  considered

Italian dashboard (FBK.eu, 2020), thanks to a partnership with WHO (Tangcharoensathien, et al.,

2020), including visualizations about collective sentiment and psychology, social bot pollution and

news reliability, and the one built by ESRI for the WHO directly (WHO.int, 2020a). The case of the

WHO  is  very  interesting  as  it  entails  three  different  web  resources  providing  infodemics:  a

dashboard, the website and a news map. 

Such dashboards provide global  data  about  COVID-19 thanks 2D mapping of data  about

phenomena. 

Health analysis of the transport systems in pandemic age

Based on a report made by ICAO, it demonstrates that air transportation is hugely impacted

and has a direct effect on the transmission chain of the novel Coronavirus COVID-19 (ICAO.int,

2020).  Most countries in the world imposed a lockdown measure to curb the problem where most

of the international borders were closed between March till June. This measure had cost thousands
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and even millions  of  dollars  of  business  loss.  Following the  ease of  the  lockdown to promote

business activities, most countries started to implement new guidelines on travel practice to avoid or

at least minimize the risk of COVID-19 resurgence. Therefore, the handling processes at the airport

will be significantly changed as a consequence of the pandemic (Schultz, Sulaki, 2020), whereas

aircraft seating arrangement will change in order to maintain the social distancing and minimize

possible contacts amongst passengers and this will result in a slower transportation process at the

airport. Thus an analytical approach to solve the problem of seating arrangement and passengers’

movement  in  the  aircraft  during  boarding  was  provided.  Before  the  emergence  of  COVID-19

pandemic,  the  airlines  industry  has  been  studying  on  the  most  effective,  cost  saving  aircraft

boarding for passengers giving consideration on passengers’ expectations as well as luggage and

cabin bags handling which can be time consuming if not done systematically. Thus, it is reckoned

that the new normal practice will drive the aviation industry to evaluate further the handling of

passengers and airport management to meet the criteria of social distancing in order to minimize

infection transmission.

 Prior  to  data  that  could  be obtained from aviation  industry through airport  management

assessment, public health practitioners and epidemiologists can benefit the data of  movements of

passengers, cabin bags and luggage handlings at the airport and on board of aircraft, to evaluate the

risk of transmission and predict the likelihood of infection spread globally. However, the movement

of people travelling all over the world is fluid, thus a real-time data will be helpful. Therefore, a

real-time Digital Health Earth that shows the movement of travelers at airports can be beneficial for

public health practitioners and epidemiologists to predict the transmission rate and its propensity.

Besides  that,  the  real-time  data  can  also  be  used  by  the  governmental  bodies  as  part  of  their

considerations in developing international border policy which may change from time to time, due

to  the  ongoing  dynamic  circumstances.  In  addition,  general  practitioners  and  travel  medicine

doctors can largely benefit this information as well in providing advice to their patients (provided

that the data is accompanied with public health advice). It is not impossible that in the future, the

study of people’s movement that contributes to infection transmission based on Digital Health Earth

will be part of adjunct syllabus in epidemiology or public health study.

The data will comprise of patterns of movement at the airport on boarding and landing, the

routes  of  flights  and the  origins  of  flights.  If  such detailed  information  could be gathered  and

systematically grouped, public health practitioners and epidemiologists may be able to evaluate the

import  and  export  of  disease  transmission.  In  any  disease  outbreak,  information  is  power.
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Nonetheless the data collected in Digital Health Earth must be regularly updated to get as accurate

as possible to deepen our understanding of transmission patterns, severity, clinical features and risk

factors for infection which were unknown at the beginning of the COVID-19 outbreak.

Interoperability, sustainability and visions for a Digital Health Earth: a global 
approach

WHO’s actions could be represented as visible layers on a map if considered according to

resources as the description of local and global phenomena about specific issues. Such resources are

those available as WHO programmes, which could easily be eligible as layers: Alcohol and health,

Child health, Cholera, Environmental health, Health systems financing, HIV/AIDS, Immunization,

Malaria,  Maternal  and  reproductive  health,  Mental  health,  Neglected  tropical  diseases,

Noncommunicable diseases, Resources for the prevention and treatment of substance use disorders,

Road safety, Tuberculosis, Urban health, Tobacco control, Violence prevention, Violence against

women, Water and sanitation. 

There are further issues that define public health issues as a connection between globalization

and health (Labonte,  Laverack, 2008), like global threat,  priority settings, and health promotion

(Lee,  2003).  Especially  in  the  field  of  Health  Promotion,  the  World  Health  Statistics  2020

(WHO.int, 2020b) summarizes recent trends in life expectancy and reports on progress towards the

main health and health-related Sustainable Development Goals (SDGs) and associated targets. It

also assesses the current availability of those data, and describes how WHO is supporting countries

to improve health information systems and global health security. The 2020 edition also includes

four  indicators  (relating  to  poliomyelitis,  hypertension  and  obesity  in  adults  and  school  age

children) from the Thirteenth General Programme of Work 2019−2023 (WHO.int, 2020c).

Digital  Earth  is  envisaged  as  “a  common  platform to  support  national  and  international

cooperation for global sustainable development, and a newly developing point of economic growth

and social well-being” (ISDE, 2014).

The concept of a Digital Health Earth is here sketched and categorized according to present

different possible needs and existing resources, means and goals and could be assessed within the

context of Digital Earth concept, developed since 2006 under the umbrella of International Society

for Digital Earth (ISDE) as a “non-governmental and not-for-profit international organization for

promoting international collaboration towards the achievement of Digital Earth through academic
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exchange, science and technology innovation, education,  and international collaboration” (ISDE,

2014).

Digital Earth is an integral initiative, intended to provide situational awareness as an ultimate

interdisciplinary  collector  of  data:  “relying  on  collaborative  efforts  between  Earth  sciences,

geospatial information and space sciences, Digital Earth aims to monitor and forecast natural and

human phenomena on our  planet”  (Giuliani,  Wang,  2019).  Life  data  is  vital  for  this  purposes,

therefore among the natural and human phenomena health and environmental conditions for human

life should be considered. In order to save lives, take care of patients and run prevention programs,

but also to increase the quality of life and monitor human health conditions and environmental

situations in normal and emergency times a global interoperable and accessible solution is needed.

Human health be a global issue that must be tackled at global level; national (Boulos, 2004)

and continental solutions (Gaughan, et al., 2014) for the Digital Earth project (Annoni, et al., 2011)

are already out there.  Spatial  Explicity  of data  (Balk,  et  al.  2006) and global health  needs and

programs need now, more than ever, a transnational and transcontinental approach, and in the end a

global approach.

COVID-19 Pandemic has shown us that restrictions to daily life to decrease risks mine the

quality life at large. Computer supported activities and contexts out of activities of daily life can be

data driven, i.e. quantified, monitored, crunched by emerging techniques such as dashboarding real

life information, social network analysis in applications (SNAA), databasing, decision making and

information.

Is  time  to adopt  a  global  approach about  health  issues  to  simplify  and make visual  how

research  and  experimentation  in  medicine  and  care  include  “uncertainty  and  probability”

(Goodchild,  et  al.,  2012). Information and Communication technologies  can as well  include the

engagement of the public in such proposal by crowdsourcing mapping (Heipke,  2010) and data

sharing.

Such hypothetical frame for a Digital Earth for health (Craglia, et al., 2012) should fill the

lack of healthcare frame included as global issue in Al Gore’s vision from the 90’s.

Conditions  come  from the  interoperability  on  georeference  public  health  issues  statistics

(Cromley & McLafferty, 2012), the technique of Geocoding Health Data (Rushton, et al., 2008),

with the perspective of the WHO actions according to 17 SDG and other possible goals. 

On the side of observing in real time phenomena about collective behaviour of populations,

Earth  observation  (Anderson  et  al.,  2017)  and  applications  are  already  available,  such  as  the

57



GeoContext
Annual Geospatial Almanac                                            Vol. 7,N 1, 2019

Gridded  Population  of  the  World  (GPW)  collection  that  models  the  distribution  of  human

population (counts and densities) on a continuous global raster surface (CIESIN, 2016).

Geographical  application  to  monitor  infections  should be available  as well  on large scale

(Linard & Tatem, 2012), but also on global scale. Moreover, seamless integration of heterogeneous

datasets  generalized  in  the  different  scales  is  vital,  therefore  implementation  of  scale-less

visualization principle become mandatory. 

A visual 3D approach would make possible granting information and research according to

big areas as well as small places, and even according to multi temporal (Freire, 2016) and global

grids (Goodchild, 2000) for the study of population at global level (Pesaresi, et al., 2015; 2016) to

access  data  about  health  conditions  comparable  to  other  data  provided  according  to  different

geographical regions or historical times. The three-dimensional representation of high-rise urban

development  is  extremely  important  for  studying  the  spread  of  infections  using  man-made

mechanisms, such as legionnaire's disease (Jomehzadeh et al, 2019). Of particular importance here

is the creation of a highly accurate photo-visual model of the urban environment (Jackson, Simpson,

2020;  Baturin  et  al,  2020)  that  allows  for  the  precise  localization  of  health  and  contextual

information.   

For instance, interdisciplinary approaches of population data (Deichmann, 2001) and census

data  (Doxsey-Whitfield,  2016)  have  become  some  requirements  for  Global  Human  Settlement

Layer (GHSL) including parameters from the SDG in terms of socioeconomic data (Corbane, et al.,

2017), the urban spatial print at global level (Melchiorri et al., 2018),  and volunteer commitment

(Goodchild, 2007) to contribute to map crisis events (de Longueville, 2010) and the availability of

complex and interactive mapping. On the side of mapping there is already evidence of development

on accuracy in mapping about population for public health uses (Hay, et al.,  2005) in terms of

validation on multi-temporal layers for land data for the benefit of the public involvement (Leyk, et

al. 2018).

What is needed now is the involvement of institutions and research, the interoperability of

scattered technologies and solutions around the globe adopted at local levels, a global health policy

for Big and Open Data. 

Nowadays, data intensive research is possible (Hey, 2009) and should find support around the

world scientific medical community. A digital Health Earth project could solve Big Data problems

(Guo et al., 2014). In terms of Big Earth Data  there is the need to enwide applications and fields of

human activities, such as healthcare although not yet envisioned (Guo et al, 2017).
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In a innovative Digital Earth perspective (Goodchild, et al., 2012) solutions and means must

stay inclusive to people, and in this case also to patients. Digital Earth project itself should be the

result of multiple uses (Goodchild, 2008). Mapping health situations could be pushed on a 3D level

thanks also to a data global policy about Big & Open Data (B&OD).

The  model  for  a  digital  twin  of  Earth  related  to  health  should,  therefore,  be  a

multidimensional, multiscale, multitemporal, and multilayered information system able to provide

consistent visual data about health around the globe in all scales simultaneously. 

WHO might be eligible as a favourable provider or endorser for a Digital Health Earth, given

its  global  advocacy  and  historical/institutional  role  as  international  organization  for  health

prevention and action for care in the whole world.

Geolocalization and health related ethical questions

Ethical  requirements  for  Digital  Earth  (Georgiadou et  al,  2020)  and especially  an ethical

tension between the value of GIS in solving health-related issues and privacy concerns cannot be

denied; health data and applications remain limited.  However, there is an ongoing debate about

licensing health data and explicit  how big data (Ienca, et al.,  2018) could become a benefit for

public health in the coming future, given the strong practical example during the pandemic.

Application of GIS in public health and social services programs would make the difference

in tackling emergencies and actions. Other applications would be of support to hospitals, but also

insurance companies to detail and update statistics in order to profile and evaluate risks.

Global care and healthcare outcomes could be improved in the following ways: Determine

access to care, connecting people with local resources, determine variation in health care services

and outcomes, identify vulnerable populations – useful in emergency situations or in the regular

course of public health work., understand clusters of disease and its causes, collect mobile data,

providing new insight for better  understanding of homeless populations and directing resources,

where  needed,  More  timely  and  efficient  allocation  of  resources,  Improving  our  response  to

disasters and disease, Strengthening collaboration between agencies and healthcare.

What  is  sure  is  that  GIS  data  interoperability  with  healthcare  systems,  facilities  and

professionals is to breakthrough what traditional healthcare solutions can’t detect (CDC.gov, 2012).
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Geolocalization and health related ethical questions

Main goals for a digital Health Earth would be to provide information about the main Who

dimensions of intervention on world population:

 Morbidity, its Causes, and what actions;

 Mortality, its Causes, and what actions.

Sustainable Development Goals (SDG) such as the Goal#3 “healthcare and ...quality of life”

should address the development of a Digital Health Earth project intraoperative and integrated with

the other neo geographical assets and Global issues networks in a global health perspective. Open

data  policies  for  health  data  should  be  fostered  and  education  and  training  on  Digital  Earth

applications for healthcare should be provided. Real-time data could be provided in case of risk

situations, or natural disasters. Digital Health Earth could be used for education and to inspire future

physicians  and  nurses  and foster  cooperation  among  hospitals,  communities  and institutions  to

increase safety and prevention practices.

While  the  entire  world  understands  the  benefits  of  using  visualization  for  better  health

outcomes, countries which are showing immense progress in this realm are New Zealand, some

states in US and Scandinavian countries. A flagship undertaking in this area is a new partnership

focused  on  geo-health  between  the  University  of  Canberra  and  the  Dasman  Diabetes  Institute

(DDI).  The  aim  of  the  initiative  is  to  tackle  a  serious  public  health  concern  –  the  disturbing

prevalence of type 2 diabetes in Kuwait. Dr. Coffee and his team are building a geo-health data lab

in  Kuwait,  which  will  help  them in  studying the  variability  in  the  disease’s  prevalence  in  the

country,  and  thereby  identify  and  analyze  how  location  contributes  to  the  situation

(Geospatialworld.net, 2018).

The adoption of available GIS systems can provide global tools for the application of digital

health earth concept.

 New disciplines and new professions

All the technologies and capabilities required to transform this vision into reality and to build

a Digital Earth are already available, such as: Computational science, Mass storage, Remote sensing

imagery, Sensors, Broadband networks, Interoperability, Metadata. All this is already possible as

solutions  to  global  public  health  surveillance  vision  (Boulos,  2004).  GeoAI  opens  up  big
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opportunities  and  applications  in  health  and  healthcare,  as  location  plays  a  key  role  in  both

population and individual health. Several disciplines within the domains of public health, precision

medicine, and IoT (Internet of Things)-powered ‘smart healthy cities and regions‘ are benefiting

from  GeoAI,  e.g.,  environmental  health,  epidemiology,  genetics  and  epigenetics,  social  and

behavioral sciences, and infectious diseases, to name but a few. (Boulos, 2019)

The vision of DE should not be solely about space and spatial relations but also about place,

culture and identity, spanning the entire physical and virtual space (Craglia et al. 2012). This new

vision is still only slowly being adopted and there is uncertainty related to the needed competencies

required in the preparation of future DE specialists. The future of DE should be planned according

to education and training.

Education and training provides a liberal arts background, methodologies, and depth as well

as breadth of thinking. The human is ultimately where knowledge work is done and those insights

are produced in geospatial intelligence. It is dependent on the geospatial analyst’s meta-knowledge.

The  Training/Professional  development  should  be  built  on  education  and  expanding  the

knowledge base for increased performance.  Training and education  might  happen in the digital

world as part of the Digital Health Earth itself. The training and professional development should

focus on the human-machine team where there is a focused effort to develop information about

relationships among disparate objects and events. In terms of future professions, DE specialists for

medicine, surgery, healthcare (such as nursing, social workers and community managers for public

health  education)  and professional  development  can  be  implemented  in  technology,  leadership,

research and education itself (Alderson et al, 2020).

 Conclusions

Data and reports about healthcare statistics and risk management around the world benefit

from Digital Earth Project. It is important to start sketching and then design a possible layout for the

implementation of a Digital Health Earth in the Digital Earth project. Although, there are several

ethical  implications,  given  aspects  of  human  health  related  to  privacy  concerns  and  biological

rights, spatial health related statistics (Waller & Gotway, 2004) and community data. To be useful,

data should be available in real time thanks also to emerging forms of citizen science and open

publication  of  health  data  by  users  themselves,  that  would  make  out  a  Digital  Health  Earth

accessible for everyone, with data uploading and downloading.
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Our suggestion is that the Digital Health Earth becomes a new structured area of research to

produce benefits in different domains of the human health management. Digital Health Earth should

include at least the following sub-domains:

1. Visualization of health data both in 2D, 3D and virtual/augmented reality format.

2. Geolocalization of patients.

3. Visualization of environmental data which can have an effect on human health.

4. Supply Services for public and private healthcare.

5. Monitoring of population flux and related diseases, epidemic.

6. Integration with available satellite and space technology for the purpose of human health

management.

7. Global  scenarios  for  simulation  based  on  data  driven  public  health  and  statistics  about

medicine, surgery and healthcare interventions.

8. 3D Healthcare literacy and dissemination of data for education, training and information to

the public.

9. Design of the technology to support any of the Digital Health Earth application.

Peculiar situations, such as social exclusion or missing healthcare data would be accountable

(Carr-Hill, 2013) and appear much visible substituted or integrated by data provided by samples or

surveys, for instance (Carr-Hill, 2017).

Also an automated speaking version for the visual unpair  should be provided in order to

include as many users as possible. 

WHO programs, research centers, national plans for healthcare, disaster management, public

health data and other institutions should provide elements to build an interoperable representation at

global level of different situations in different places at different times. This representation could be

called Digital Health Earth.
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