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Foreword

The COVID-19 pandemic has left no country untouched, with governments and all sectors of society
impacted. As a consequence, our world is now being forced to rapidly adapt to confronting social
and economic changes and challenges, from local to global levels, across all industries and sectors,
and in all areas of supply and demand. However, the pandemic also presents us with a chance to
rise from the challenges we face as a global community and identify new opportunities in which we
can grow and build resilient and sustainable communities.

COVID-19 has reinforced the unprecedented need for data, geospatial information, enabling
technologies, and insights for governments and citizens across the globe, to not only enable
decision-makers to inform policies and planning, but to also minimize the risk to people, especially
the most vulnerable population groups. As it continues, the pandemic has not only exacerbated
our world’s vulnerabilities within and among countries, it has reinforced pre-existing obstacles to
realizing the SDGs — structural inequalities, socio-economic gaps, and systemic challenges and risks.

In response, and strategically led by the UN-GGIM Academic Network, this timely book brings
together expertise from all around the world, presenting advanced research and case studies that
raise awareness and provide valuable insights on the critical role of geospatial information and
enabling technologies to better respond to and manage the global crisis we continue to face.

While COVID-19 is an unprecedented challenge, we also live in a time of unprecedented access to
data, innovation and technology. This gives us the opportunity to facilitate geospatial data sharing
on a scale as never before, making a real impact for all citizens of the world through delivering
decision-ready solutions that not only aids decision-making during the pandemic, but creates a
framework and structure that will remain in place as we recover and increase our global resilience.

Looking beyond the devastation that has occurred, we can see the truly interconnected nature
of our world, further highlighting the United Nations notion that no one is safe until everyone is
safe. It is imperative that at this time, we act in solidarity with our communities all around the
world, particularly the most vulnerable, in order to grow our sense of humanity and build a more
sustainable and resilient future.

The ideas, research and solutions shared in this book will no doubt aid in the global effort to
better understand the current pandemic as we continue together to create a better future for all.

Dr. Greg Scott

UN-GGIM Secretariat

United Nations Statistics Division
Department of Economic and Social Affairs
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The Role and Value of Geospatial Information and
Technology in a Pandemic

Abbas Rajabifard, Daniel Paez and Greg Foliente

1.1 Introduction

The coronavirus COVID-19 pandemic is the defining global crisis of our time and the most devastating
challenge the world has faced since World War II, having a profoundly deep impact on the way we perceive
our world and our everyday lives. While beginning as a health crisis, it has grown fast in just over few months
to be an unprecedented socio-economic and environmental crisis that has spread to every continent and
country. As a result, the world has been facing unprecedented social and economic changes and challenges,
across all industries and sectors, at every scale (from local, to national and to global level). The COVID-19
virus is a global pandemic, as all our societies are connected, in which no country or jurisdiction is left
unscathed as a result of this situation.

This book aims at covering these disciplinary intersections that happen when Geographic Information
Systems (GIS) and location intelligence are used in action to respond to the crises and plans for recovery.
The experiences and the information included in this book will be a learning tool for communities to being
prepared, making the right decisions, and keeping informed to be able to improve community resilience and
respond to future crisis.

During a pandemic political borders mean nothing, and every society has been impacted in some way.
In June 2020, the World Bank forecast that global gross domestic product (GDP) would shrink by 5.2% [1]
in 2020, with recessions in both advanced and emerging market economies. The devastating effects on the
global economy will take years to overcome, as governments around the world grapple with the situation
and make impossible decisions that aim to meet both the health and economic wars faced as a result of the
virus in an attempt to save lives but also limit the financial distress faced by the global economy.

We are now living with a new norm of practice, and as each day passes, people all over the world are
not only losing their lives and their health, but also employment, their livelihoods, connections with their
friends and family, with no real sense of when life will return to a familiar normality. In this context, good
data and statistics, in particular location information and related attributes are key for our resilience and
data infrastructure for sustainable future. These data are crucial as they make essential contributions to our
strategic pathways on our wider public safety. In a global crisis, our leaders and decision-makers require the
fast delivery of information that is accessible and reliable, so urgent and effective responds to COVID-19
are available to make the right choices, manage the complexity and uncertainty and thus lead the world to
a more resilient and sustainable future.

From a location information (location intelligence) perspective, the COVID-19 pandemic has highlighted
to the world the unequivocal importance and need for geospatial information, enabling technologies, and
clear and concise information for governments that enable decision-makers to keep their citizens safe, plan
for the future and protect the most vulnerable in our communities.

So much of managing a pandemic is inherently a geographic and location issue. In order to manage
outbreaks, perform contact-tracing and enable a robust community response to stop the spread, spatial
information is required, and location information is paramount. The social and environmental factors,
including population density and age, employment and lifestyle, all influence patterns of disease occurrence
and prevalence.

As such, location information, mapping and related analytical tools such as GIS tools are widely used
by health departments, safety and emergency management authorities and wider professionals around the
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world for gathering and analysing data to support informed decisions. The use of location intelligence and
GIS for understanding this outbreak and its relationship to infrastructure, population, businesses and other
location-based information requires both a clear understanding of the relevant geospatial principles and the
relevant aspects of data monitoring, planning and mapping.

1.2 Critical Role of Location Information

The COVID-19 pandemic is proving a need for a collaborative geospatial infrastructure that will help us
better understand the crisis at hand at both a local and global scale, as well as better prepare us for
future pandemics worldwide. There is a growing need for real-time maps, and location information to track
and share location data, and as such, a geospatial-enabled platform, along with data analytics tools and
solutions play a critical role in assisting the pandemic’s front lines and keeping the general public informed
and prepared.

GIS for example has always been a tool in managing the response to large-scale disasters by using
location technology that helps to understand the situation at hand, develop a response and prepare a road
to recovery. A spatial team is of paramount importance to help create the maps, data, apps, analysis and
dashboards that are required for emergency management and resource allocation.

Early in 2020, there was an extraordinary effort around the globe where GIS practitioners in every
country began to work together, sharing information that helped us all grasp the situation at hand and also
enabled the decision-makers in their response to the virus at local, national and global levels. The Johns
Hopkins Coronavirus Dashboard, based on Esri software, was originally built by a handful of people but has
evidently grown into the primary tool used to track and monitor the virus, being viewed “nearly a trillion
times only a few months into the pandemic” as stated by Esri CEO, Jack Dangermond.

Location information plays a critical role managing the spread of the virus and protecting our
communities by providing the tools required in collecting vital data, mapping the current crisis, simulating
the results from modelling response variables, contact tracing and determining hot spots, managing high-risk
locations and distributing help where it is needed most. Spatial experts around the world have come together
and shared critical information that has transpired into an unprecedented effort to manage the COVID-19
pandemic in a way that has not been evident in our history. This effort has been on a global scale and as
such we have evolved into a world that supports a connected and global GIS. In our new interconnected
world, we all benefit from this phenomenal transformation that impacts every government, industry and
citizen, where we can make better and more informed decisions about our future.

1.3 Impact of COVID-19 on the Sustainable Development Goals
(SDGs)

The Sustainable Development Goals (SDGs), as outlined by the United Nations as part the global plan to
create a better future for all, now play an even more critical role in providing a framework tool that puts
health and prosperity at the core of the road to recovery for all nations and all people around the globe. The
COVID-19 pandemic has emphasised the challenges facing governments from taking the extraordinary steps
needed to attain the SDGs. The vulnerabilities and obstacles that exist in different countries when working
towards achieving the SDGs are even more prominent now, including socio-economic gaps, structural
inequalities, systemic challenges and risks, as well as a lack of timely fundamental data and enabling
technologies to measure and monitor what is happening where, when and how (UN-GGIM White paper,
COVID-19). The United Nations Committee of Experts on Global Geospatial Information Management
(UN-GGIM) has been taking steps to explore how geospatial information has been used to support national
response efforts, and the influence and impact of the geospatial data ecosystem in responding to the global
COVID-19 pandemic.

This unprecedented time has also been the first time where geospatial data location intelligence
from all around the world has been collected, visualised and made available from local to global levels,
through numerous dashboards, including from the WHO and Johns Hopkins University to name a few.
These geospatial visualizations clearly communicate the situation and guide decision-making, all through
location-based data, and demonstrate that when the geographic dimension is considered, information can be
communicated in a clearer, more effective manner, not only to governments but to every individual citizen
on the globe.

Of significant importance, contact tracing applications have demonstrated hope by identifying outbreak
hotspots, providing those in power with a means to identify, inform and subsequently treat those infected,
limiting the spread of the pandemic among the population. In order to achieve successful contact tracing,
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there needs to be high-level access to geospatial information, which can be queried and classified by age,
gender, demography and geography, at every level.

There is an urgent need for the work and issues raised by the UN-GGIM to be addressed and
made available across the globe, including data availability, core reference data, interoperability, common
geographies, integration of statistics and geography, privacy and confidentiality, the relevance of the
Integrated Geospatial Information Framework (IGIF).

With the Integrated Geospatial Information Framework (IGIF) at its core, the UN-GGIM has published
findings on what components are required to respond to the COVID-19 crisis, such as leadership, governance,
legal and policy, data and technology. The work demonstrates that a clear connection to the IGIF will enable
countries to respond in a more timely manner in a crisis where time is critical. Through its initiatives, the
UN-GGIM aims to bring the international geospatial community together, along with the the statistical,
public health, and development sectors to fight the current pandemic and to build a more resilient and
robust global community.

As the IGIF provides a holistic and inclusive Framework, applicable to all countries and in all situations,
it is able to be applied to the global COVID-19 pandemic. As an example, the IGIF is highly beneficial
in disaster response, where data sharing and geospatial information are critical. Similarly, the response to
COVID-19 also requires the ability to share integrated geospatial information in real-time. This ensures that
the same information will be delivered to all the key players of the response at the same time. This is also
critical in the responding to the aftermath of any disaster, where geospatial determines what happens next
and where actions are needed. Outlined in the UN-GGIM white paper publications, the IGIF focuses on
geospatial information that is integrated with any other meaningful data to solve societal and environmental
problems, acts as a catalyst for economic growth and opportunity, and to provide understanding and benefit
from a countries development priorities and the SDGs. While the IGIF has anchored the geospatial response
to COVID-19, it is important to note that it was not developed as a response to COVID-19, only as an
enabling mechanism to achieve the ambitious targets set by the SDGs. However, its usefulness has provided
countries with a basis for leveraging geospatial information, either to integrate existing capacity, or through
developing new capability. As a result, the IGIF has demonstrably enabled countries to determine their
national geospatial response to COVID-19. The IGIF has nine strategic pathways, influenced by Governance,
Technology and People, that work together as a basis and guide for developing, integrating, strengthening
and maximizing geospatial information management and related resources in all countries, resulting in
tangibly enabled countries to leverage geospatial information in their COVID-19 response.

The most vulnerable countries around the world that have faced the greatest challenges with achieving
the SDGs, now face the greatest challenges with the COVID-19 pandemic. Collecting high-quality geospatial
information as well as producing, analysing and using timely and reliable location-based data is often not
possible, and in many countries where may exist in some form somewhere, it is often not discoverable,
structured, interoperable or standardized. It cannot be readily accessed, shared, and more importantly,
integrated with other data for decision-making.

Both in attaining SDGs and responding to the pandemic, geospatial information is the key integrator
that enables informed decision-making, as well as enabling visualisation and analysis required to
communicate key data to decision-makers and the general public. As such, the past few months have been a
testament to the importance of collectively developing mechanisms, mobilizing resources and strengthening
the global capacity of geospatial information. In this way we can then meet the challenges of COVID-19,
and work to build back a stronger path forward on the road to meet the needs of the SDGs in the future.

The UN-GGIM has provided a platform for the global geospatial community and demonstrated its
importance to respond to the challenge of COVID- 19. It has become evident how urgent and critical it is
to have a multifaceted system that mobilises resources and ensures that all agencies, including government
and the private sectors, have access to geospatial information in order to best manage the pandemic, and
work towards the SDGs. Implementing the IGIF has been an important step in developing dashboards and
communicating the spread and developments of COVID-19.

There is no denying that the pandemic has been a setback in achieving the SDGs around the globe,
however it is also a time of great opportunity and growth as there has never been a time in history
where people from every corner of the world are working together to bring solutions and advancements to
better our health, our communities, our environment and the economy. This particularly effects developing
countries, which may for the first time have access to geospatial data and tools that will not only benefit
the management of the pandemic in such countries, but also provide their agencies with digital data for
challenges that lie ahead.

1.4 Digital Innovation During a Pandemic

In times of great pressure that require solutions to distinct challenges, scientists and engineers are required
to fast develop methods, technologies and innovation, and create new good practices. The pandemic has
illustrated that novel innovations including dashboards and entirely new processes can be fast tracked and
implemented, in a matter of weeks, rather than years. As a result, governments are able to make better and
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more informed decisions by understanding where the risks exist. Emerging technologies such as Artificial
Intelligence (AI) help to expedite the development of a vaccine, and predict the most effective public
health measures through simulation and help move much of our lives to an online environment, where we
can maintain our economic and education systems to continue employment and schooling as well as our
connection to one another.

This also highlights the gap across various social groups in digitally isolated countries and regions. The
COVID-19 crisis reminds us that we should nurture the socially beneficial applications of digital technologies
and work to improve accessibility and usage in the countries and areas which require the greatest leverage
and aid. There are many examples of digital innovation across the globe including in the United Nations
Educational, Scientific and Cultural Organization (UNESCO) and the International Business Machines
Corporation (IBM) that support the development and deployment of public health mobile applications to
help manage the pandemic by providing informed data-driven decisions and social distancing measures.
There is also a push to enhance access to the Internet across the globe through UNESCO that aims to
foster collaboration and partnership in developing countries.

Governments around the world are also now spending record funding (US$10.5t [2] and rising) to manage
the COVID-19 pandemic which means there is a real opportunity for partnerships with businesses to emerge
and fast track innovations that lead an advancement in technologies, and how we manage public health as
well as how we restore the environment.

However, governments, businesses and the financial services sector need to ensure that investments in
innovation create opportunities, reduce inequality and lead to net gains in employment. And governments
can do more than just fund innovation; they can ensure learning is plugged back into the state. Digitalization
lessons from industry, for example, can be applied to public sector services to deliver better and more effective
access, while preserving provision in the face of budget deficits.

1.5 Collaboration and Engagement

Throughout the pandemic, we’ve seen the development of extraordinary models of collaboration that have
resulted in the largest exchange of scientific data in history. It has been remarkable to see competitors work
together in joint initiatives. And although there have been some level of disagreement amongst governments
and international agencies, we have also observed efficient and effective collaborations between the state
and private sectors to deliver technological and medical solutions at speed. This time during the pandemic
has been an example of just how much we can achieve as international citizens, when we all focus on a
common goal.

There has, however, been indications of an increase in the social divides, similar to the aftermath of the
global financial crisis (GFC), where the recovery of many markets were uneven and the people who struggled
the most fell further into crisis. The impact on jobs around the world has been dire: the International Labor
Organization (ILO) estimates a decline in global working hours in the second quarter of 2020 of around
10.7% (equivalent to 305 million full-time jobs) relative to the last quarter of 2019 [3]. And the workers in
poorly paid jobs, casual contracts or who are self-employed are increasing in numbers making them more
vulnerable to layoffs during the economic downturn and with less access to social security safety nets. An
inequality in healthcare, including access to medical attention, testing availability, access to intensive care
and medication, has also been one of the crucial issues of the pandemic observed around the world. Further
to this, the recent occurrence of protests that has spread from the United States across Europe to Australia
demonstrates the urgent need for inequality to be addressed.

There is also the likelihood that another pandemic may happen in the future, and as such, building a
close coordination between central government and local governments, and ensuring closer international
collaboration, together with the sharing of digital innovation and technological advancements are of
increasing importance for a sustainable future.

1.6 Opportunities Emerging from the Pandemic

Our wider society through governments, the private and the public sectors have a unique and strategic
opportunity to shape the recovery and the future economy in such a way that will ensure a more sustainable
and more equitable outlook for all. There is now a chance to reframe the future by building a fairer, more
prosperous society founded on greener, more resilient, productive economies. While every country and region
will have different priorities and starting points, the starting principle for all governments should seek to
build more resilient economies while also tackling the climate change challenges and social inequalities.
Social equity is a priority that underpins sustainable economic prosperity. The opportunity to address
social inequality, improve outcomes for all citizens, including fairer access to employment is an opportunity
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during this time that should not be missed. A sustainable recovery is not just about creating jobs; it’s about
creating high-quality, accessible jobs that improve peoples’ lives, which in turn creates more stable societies.
The pandemic has also forced the adoption of new ways of working. Organizations must reframe their work
and the role of offices in creating safe, productive and enjoyable jobs and lives for employees.

The environmental opportunities in the pandemic that promote a green recovery is clear. The vast
majority of the world’s total GDP is moderately or highly dependent on a stable environment and is
therefore susceptible to disruption due to climate change [4]. Without action to address climate change, an
additional 100 million people could be pushed into poverty by 2030 and 143 million in just three regions
could be displaced [5]. In the wake of COVID-19, governments and companies have an opportunity to plot
greener, fairer and more sustainable days ahead. The pandemic has also raised environmental fears to the
public too, as the enforced pause on industrial pollution and travel has resulted in cleaner air where COg
emissions are now predicted to be at the lowest level in 14 years [6]. United Nations studies also now estimate
that a move to low-carbon, resilient economies could possibly create 65 million new jobs between now and
2030 [7].

1.7 Moving Forward from the Pandemic

With the lessons that we are all learning from this pandemic, our leaders in the public and private sectors,
in academia must look to rise from the challenges we face and identify opportunities, in which we can find
new ways to keep growing and building resilient and sustainable communities, and infrastructure.
Through the devastation, the COVID-19 pandemic has also demonstrated the interconnected nature
of our world and communities, and further highlights the United Nations notion, that no one is safe until
everyone is safe. We must act in solidarity with our communities all around the world, in order to save lives
and overcome the devastating impacts that this virus has, not just to our health, but socially and from an
economic standpoint. By demonstrating strong partnerships, we can grow our sense of humanity and inspire
all generations to hope for a healthier and more prosperous future for all, where we learn from navigating
through this challenging journey and work together to build greater resilience in every community.

1.8 This Book, Objectives, Chapter Outline

This book brings together the expertise of leading professionals, practitioners and academics in different
related fields for managing pandemic, in particular experts in the field of geospatial industry, and
policy-makers and their perspectives to share their experiences and approaches to respond to the COVID-19
pandemic, and they share their lessons for any similar pandemic in future in order to improve community
resilience. The themes and objectives of the book are in line with the critical challenges that our global
community is facing. It is also in line with challenges, gaps, and the work plan of the UN-GGIM Academic
Network.

Over 120 authors from regions all around the world contributed to the production of this book, including
contributions from more than 30 countries and country case studies.
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Contributions and country case studies

The authors have shared their observations, research and best practices in their jurisdictions and
organizations that are relevant to professional lines of work or supporting training and teaching modules
focusing on COVID-19 applications. This will provide the foundation that would help to reassess the field,
affirm successful approaches and point to future possibilities.

The book brought together two types of contributions, scientific chapters, and industry and practitioner
observations, structured into 47 chapters in 5 parts. The authors have worked together in hope of taking
steps towards achieving more sustainable, safe and resilient future. In doing so, the book will address the
following objectives:

e Review foundational aspects of geospatial sciences and technologies for supporting intelligent
decision-making for pandemic management.

e Identify a coherent set of tools, guidelines or standards to help researchers, data producers and
practitioners and authorities utilize geospatial information for decision-making during various pandemic
phases.

e Provide a resource on current best practices for utilizing location intelligence for local, regional, national
and global level pandemic management.

o Reflect on the lessons learnt from COVID-19 pandemic, and present a forward-looking collection of
ongoing research, development and practice, with an emphasis on the role of location and geospatial
science, that can improve the resilience of community, society, economy and environment.

e Provide a medium for presenting the challenges, solutions, opinions and insights from different
stakeholders regarding their experience through the pandemic.

The beginning chapters of this book provide an overview of the principles and foundations for geospatial
science and technologies, followed by an outline of current approaches for pandemic management and
reflections for ongoing development and future prospects for geospatial data in building a more resilient
community, society, economy and environment. This book is unique in that it contains observations from
various countries and industries, including the challenges they faced, the solutions they came across, the
opinions and insights they had during this crisis. It will help build tight bonding between industries and
academics and drive more industry-oriented research opportunities.

In Chapter 2, Keith Clifford Bell and Vladimir V. Evtimov draw from the experience of the World
Bank and the Food and Agriculture Organization (FAO) to discuss a way forward to ensure the resilience
of countries, cities and communities through authoritative geospatial information and land administration.

Maria Antonia Brovelli and Serena Coetzee explore open geospatial data for responding to the COVID-19
challenge in Chapter 3, by examining what data is useful when studying the spatio-temporal spread of the
virus and investigating the availability of such open data. In Chapter 4, Mohammad Reza Mobasheri reports
on the role of remote sensing in the detection, evaluation and mapping factors relating to public health. The
chapter focuses on an introduction to the importance and use of remote sensing through an examination of
successful remote sensing applications.
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David Green et al. explore the potential of drone technology during pandemics in Chapter 5. The study
includes an overview of current drone technology and future developments, as well as investigation into
the issues facing successful mainstream implementation of the use of drones for such applications, and
the problems that need to be overcome to allow this technology to become mainstream. In Chapter 6,
Piret Veeroja and Greg Foliente look at the role of social and built environments on social interactions in
Melbourne prior to, and during, the COVID-19 pandemic and discuss possible social and built environment
interventions to increase social interactions.

Farhad Laylavi reports on a study in Chapter 7, which aims to contextualise social vulnerability to
pandemic situations. The study presents the preliminary indicators of social vulnerability and presents
a discussion of the implications, limitations and future work. In Chapter 8, Renate Thiede and Inger
Fabris-Rotelli present an algorithm for detecting informally developed roads in satellite images and quantify
the uncertainty associated with the results. Such roads play an important role in the development of
COVID-19 response strategies in developing countries.

In Chapter 9, Rafael Ponce Urbina et al. showcase a holistic view of the uses of GIS to monitor, analyse
and disseminate knowledge pertaining to maritime geospatial data during the COVID-19 pandemic. Mark
Stevenson et al. outline recent research in city design and the transmission of COVID-19 in Chapter 10. The
chapter highlights the role of city design in virus transmission, particularly in high-density road networks
and public transit.

In Chapter 11, Felicia N. Huang et al. discuss social media use and community resilience development
during the COVID-19 pandemic in Singapore. Lesley Arnold, Zaffar Sadiq Mohamed-Ghouse and Tony
Wheeler report on the role of professional bodies during a pandemic in Chapter 12, with a focus on the
role of the Surveying and Spatial Sciences Institute (SSSI) in Australia. In Chapter 13, Peter Mooney et
al. explore OpenStreetMap (OSM) data use cases during the early months of the pandemic. The chapter
contributes to the knowledge on how volunteered geographic information (VGI) initiatives such as OSM
respond and are used or accessed during a global crisis such as COVID-19.

In Chapter 14, Pravin Kokane et al. explore the utilisation of geospatial network analysis techniques
for optimal route planning during the pandemic. Chryssy Potsiou discusses the critical issue of formalising
informal settlements to empower residents against COVID-19 and other disasters in Chapter 15. The chapter
reports on how geospatial experts can provide the means to support governments to identify and empower
those most vulnerable to the pandemic, and the measures that have taken place. Abbas Rajabifard et al.
provide a discussion around spatially enabled platform supporting managing pandemic, and also review of
the applications and systems in place for such a spatially enabled COVID-19 in Chapter 16.

In Chapter 17, Neda Kaffash Charandabi and Amir Gholami propose a global model to help determine
the important periods of each country, predict confirmed cases and to discover spatio-temporal hot/cold
spots based on wavelet and neural networks. In Chapter 18, Michael Batty et al. give a report on London
in Lockdown, discussing the issues of mobility in the pandemic city.

Rosario Casanova et al. in Chapter 19 discuss the Americas geospatial response to COVID-19 through an
overview and analysis of the implementation of UN-GGIM global frameworks, as well as a discussion of the
gaps and challenges faced. In Chapter 20, Marije Louwsma and Hartmut Miiller explores spatio-temporal
information management to control the pandemic in Europe. Zhixuan (Jenny) Yang reports on online
higher education in Chapter 21, with a focus on how online education facilitated by Information and
Communication Technology (ICT) in China has been implemented during the COVID-19 pandemic. The
chapter analyses the experience of online education, and uses a case study to evaluate the critical elements
involved.

In Chapter 22, Nadia Abbaszadeh Tehrani et al. provide a time-series analysis of COVID-19 in Iran, from
a remote sensing (RS) perspective. The chapter discusses the novel approach that utilises remote sensing
data to monitor the pandemic at a national level, as well as examining the applicability of RS coupled with
time-series analysis for the study area. Alize le Roux et al. present the COVID-19 Vulnerability Dashboard
for South Africa in Chapter 23, which maps out the vulnerability to the pandemic across the whole of South
Africa. The study aims at helping local authorities and other stakeholders with disaster risk reduction and
evidence-based decision-making.

Bola Michelle Ju et al. describe the rapid development of location-based apps in Chapter 24, focusing
on the seven applications which saved lives during the pandemic in South Korea. In Chapter 25, Sultana
Nasrin Baby et al. report on a spatial analysis of urban parkland and COVID-19 in the City of Whittlesea,
in Victoria, Australia. Phil Bright and David Abbott describe the impact of COVID-19 to the Pacific Island
Countries and Territories (PICTs) in Chapter 26.

In Chapter 27, Freya M. Shearer et al. present evidence to inform evolving COVID-19 response planning
by analysing how Australians were thinking, feeling and behaving in response to the so-called “first wave” of
the COVID-19 epidemic and the associated public health measures. Raul Marino et al. present the results of
an investigation relating to the lack of access to public space and social interactions in three Latin-American
cities in Chapter 28. David J. Coleman and Prashant Shukle provide a case study in Chapter 29 on how
geospatial information and technologies were used in Canada. They highlight observations made in the early
stages of Canada’s response to the pandemic and provide a critical discussion and opportunities for future
development and cooperation.

Milan Konecny et al. discuss the roles of geospatial intelligence in addressing COVID-19 challenges in
Czechia in Chapter 30. They present three approaches to improving response to COVID-19, including visual
analytics; Tracking and analysis solutions; and decision support systems. Carmen Martin and Frangois Péres
provide an observation and analysis of COVID-19 in France in Chapter 31, with a focus on the multi-phase
and multidimensional approach to a complex societal imbalance.
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In Chapter 32, Richard Simpson explores the importance of a worldwide infrastructure when managing
complex pandemic scenarios. He investigates the challenges faced with uncoordinated international cohesion
and the accumulative crisis humanity faces as a result. In Chapter 33, Jamie Leach as an observation explores
the Open Data Pandemic, and discusses the issues that arise in data sharing around the globe.

In Chapter 34, Menno-Jan Kraak addresses the challenges of mapping COVID-19, and addresses two
issues including the professional cartographic design challenges and the most common cartographic mistakes
witnessed in the media. In Chapter 35, Alice Kesminas also provides an observation by discussing the
importance of engagement to build smarter and more resilient communities. She addresses the role that
geospatial information and technology play in building community resilience and discusses the challenges
faced to successfully plan and manage resilient communities.

In Chapter 36, Frank Friesecke investigates how the coronavirus could change urban planning. The study
explores the changes in how we operate schools, retail, work environments and presents a first vision of the
direction in which the city of the future could develop towards in light of COVID-19 and other potential
pandemics in the future. In Chapter 37, Hossein Mokhtarzadeh shared his view and investigates the move
towards agile strategies during the pandemic. This chapter reports on a observational study completed
through a number of interviews with experts discussing how they cope with a global crisis.

Kirsikka Riekkinen provides observations from Finland in Chapter 38, with a focus on the opportunities
for digitalisation, and the use of geographic information in the Finnish context. Efthimios Bakogiannis et
al. report on the possible future of Greek cities in Chapter 39, with a focus on what the cities will look like
after the pandemic period with a case study review analysis and best practice assessment.

Saied Pirasteh et al. explore the COVID-19 pandemic challenges and impacts on the Sustainable
Development Goals 2030 in Chapter 40. The chapter discusses an understanding of the pandemic and
its influences on SDGs 2030, from an Indian perspective. Malcolm Campbell et al. discuss the value of
a policy-response research model in Chapter 41. The authors discuss the GeoHealth Laboratory (GHL)
research model that is based on a relationship contract funding model in New Zealand.

Mark Allan outlines the lessons learned from management of the Melbourne COVID-19 pandemic in
Chapter 42. His contribution chapter presents some observations made and discusses a future of co-existence
with the virus.

In Chapter 43, Hassan M. Khormi explores spatial modelling concepts in Saudi Arabia as an observation.
The study reports on how the Saudi authorities implement GIS concepts in controlling the spatial risks of
the pandemic. Carmen Femenia-Ribera and Gaspar Mora-Navarro examine COVID-19 in Spain with a focus
on the use of geospatial information in Chapter 44. Nathaniel Carpenter and Anna Dabrowski discuss the
lessons learned from the COVIDSafe app in Chapter 45, a track and trace technology designed for the
Australian context. The chapter focuses on understanding conditions for successful implementation of track
and trace technologies. Arturo Ardila-Gomez explores sustainable transport as a key pillar to community
resilience during the COVID-19 pandemic in Chapter 46.

The book then concludes in Chapter 47, with synthesis of key lessons and future work to improve our
planning and preparation for the next pandemic, focusing on geospatial information and related techno-social
innovations for enhanced community resilience.
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Land Administration and Authoritative Geospatial
Information: Lessons from Disasters to Support
Building Resilience to Pandemics

Keith Clifford Bell and Vladimir V. Evtimov

Throughout 2020, much has been written advocating investment in geospatial information
and land administration systems as solutions to pandemic resilience, but closer analyses
may suggest a lack of rigor and even a tendency for hype. Resilience of countries,
cities and communities in the context of land administration and geospatial information
is best achieved through sustainable, authoritative, geospatial information under the
framework of National Spatial Data Infrastructure (NSDI) and comprehensive and secure
Land Administration Systems (LAS). However, it is becoming increasingly clear that
the pandemic has severely impacted progress towards all the SDGs under the 2030
Agenda. Responding to disasters and pandemics does mot afford the luzury of extended
templated diagnostic assessments, economic and financial analyses and cost-benefit studies
of investing in LAS and NSDI. Drawing on the experiences of the WB-FAQO partnership,
the Chapter discusses good practices of rapid assessments of the resilience and resilience
impact of authoritative NSDI and LAS.

2.1 Introduction

“The COVID-19 crisis threatens to reverse much of the development progress made in
recent years and throw hundreds of millions of people back into poverty. It has required
countries to respond rapidly and decisively to major disruptions of their healthcare systems,
their economies and the livelihoods of their citizens. I have been inspired by the World Bank
Group’s response — mobilizing fast to deliver urgent support to countries to minimize loss of
life, mitigate severe economic hardship, protect hard-earned development gains, and protect
the poorest and most vulnerable”.

David Malpass, President of the World Bank.!

The COVID-19 pandemic has triggered the deepest global recession in decades, and this is well
reported by both the World Bank [1] and the International Monetary Fund (IMF). This is the first
recession since 1870 to be triggered solely by a pandemic. After more than a decade of uninterrupted
growth, the global economy came to a sudden halt because of the pandemic. The debate continues
as to how deep it will be; its duration; and how far its impacts will reach. The pandemic has

World Bank President’s end of year address to staff townhall, July 2, 2020.
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caused contractions across the vast majority of emerging market and developing economies as well
as advanced economies. Lasting damage to labor productivity and potential output are already well
identified. Across the world it would seem there is strong consensus for immediate policy priorities of
alleviation of the human costs and attenuation of the short-term economic losses. Thereafter, once
the crisis abates, there is also consensus that it will be necessary to reaffirm a credible commitment
to policies to support long-term sustainable development. The COVID-19 recession’s speed and
depth with which it has struck suggests the possibility of a sluggish recovery. For many emerging
market and developing countries, however, effective financial support and mitigation measures are
particularly hard to achieve because a substantial share of employment is in informal sectors. The
speed with which countries can overcome the pandemic health crisis and pave the way for economic
recovery remains to be seen.

The COVID-19 pandemic is not the first global pandemic and it will not be the last, may almost
be cliché now. Countries, especially low- and middle-income countries (LIC and MIC), are at the
time of writing, fully focused on dealing with the severe health and economic crises. Generally,
immediate priorities are budgetary support, health and food security. Beyond recovery, all nations,
and development partners, must turn their respective foci to future preparedness to ensure that
nations can better withstand the shocks of any future pandemic, with the impacts minimized to
the greatest extent possible and recovery enabled in the shortest possible timeframe. However,
no degree of preparedness can prevent future pandemics or disasters. Preparedness should include
investment in land administration systems (LAS) and national spatial data infrastructures (NSDI).

The WB and the Food and Agriculture Organization (FAO) have partnered in many countries
to promote the fundamental roles of LAS and NSDI to support the 2030 Agenda for Sustainable
Development and also for improving disaster resilience at the national, city and community levels,
in line with the Voluntary Guidelines on the Responsible Governance of Tenure (VGGT) [2] and
the Sendai Framework for Disaster Risk Reduction 2015-30 [3].

2.2 Emergencies — Disasters and Pandemics

There are some similarities between the impacts of shocks created by a natural disaster and
those created by disease — but only some. No country, regardless of its level of social and
economic development is immune from the increasing frequency and severity of emergencies caused
by disasters and pandemics. The World Health Organization ([4], p. 22) has prepared a very
comprehensive Classification of Hazards, covering disasters, pandemics, conflicts and environmental
degradation. From the disaster perspective it has consistency with the Sendai Framework, which
sets out the case for all development to be risk-informed in order to be sustainable.

The Disaster Management Cycle, which originates from the United States Federal Emergency
Management Agency (FEMA)? is widely utilized. Over the past decade, the Disaster Management
Cycle, has been interpreted, modified and adopted by many agencies around the world. Recently,
with health crises, including the current pandemic, even WHO has adopted an equivalent 4-phase
cycle [4] — Preparation, Response, Recovery and Mitigation. Understanding the cycle, enables a
better appreciation of where geospatial information and land administration can be effectively
applied in terms of response and building resilience, which is discussed later in this Chapter.

2.3 Economic and Financial Impacts of Disasters and Pandemics

Direct economic losses from disasters have increased by more than 150 percent over the past
20 years, with losses disproportionately borne by vulnerable developing countries. The bill from

2Noted by [5].
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natural disasters had reached around US$200 billion per year, an increase of 4 times since the 1980s.
However, it is estimated that this has now risen to around US$300 billion per year. Cumulatively,
over the past 30-year period, disasters have cost nearly US$4 trillion and caused around 2.5 million
deaths. T'wo-thirds of these losses are due to extreme storms, floods and drought [4].

WHO has advised that over the previous 30 years, more than 80 percent of deaths from natural
disasters occurred in LIC and MIC and that the disaster impacts on GDP was on average 20 times
higher in LIC than high-income countries (HIC). Further, and from the health perspective, WHO
reported that during 2012-17, there were 1,200 health outbreaks in 168 countries, including those
due to new or re-emerging infectious diseases. In 2018, a further 352 infectious disease events,
including the Middle East respiratory syndrome coronavirus (MERS-CoV) and the Ebola virus
disease. Estimated losses from infectious diseases, through their effects on productivity, trade and
travel, have been calculated at about US$500 billion or 6 percent of global income per year [4].

The WB [6] has identified critical impacts of the current pandemic. These are summarized as
follows, with specific implications for land administration and geospatial information identified by
the authors of this Chapter:

e Disrupting billions of lives and livelihoods, the COVID-19 pandemic threatens decades of
hard-won development gains and demands an urgent, exceptional response. The severity of
the pandemic is challenging the world’s health systems, while associated lockdowns and travel
restrictions have upended normal life for most people — even as lockdowns ease in some
countries. The pandemic is spurring changes in behaviors and trends likely to transform
the post-COVID-19 world. Lockdowns require resolving homelessness and unhealthy, crowded
slums.

e The range of growth outcomes in 2020-21 remains exceptionally uncertain, and recovery is
highly dependent on global progress in containing and mitigating the pandemic. In a base case
scenario, the global economy could shrink by 5.2 percent in 2020 before rebounding in 2021;
in the downside scenario of prolonged shutdowns, world output could contract by almost 8
percent in 2020 (roughly equivalent to the combined GDP of France, Italy, and Spain). The
recession in advanced economies is hitting developing countries hard, and the WB now projects
negative growth for over 150 countries in 2020. The emerging food crisis could intensify, and
food insecurity could spread much more widely. Can governments afford to invest in LAS and
NSDI to build resilience to future disaster and epidemic impacts? In the short-term, especially
for LIC, the answer is likely to be no, without international development assistance.

e Billions of jobs are under threat worldwide. Nearly 80 percent of the world’s informal economy
workers, around 1.6 billion, have now experienced COVID-19 lockdowns and slowdowns in
hard-hit industries including wholesale and retail, food and hospitality, tourism, transport
and manufacturing. With 740 million women globally in informal employment and a majority
employed in services, women are particularly hard hit by the crisis. Remittance flows are a key
source of revenues for many developing economies, and expected to fall by one-fifth in 2020.
Tourism is another area hard hit. Many countries across East and South Asia are especially
dependent on both tourism and remittances to a combined level of 20-30 percent of GDP. Loss
of jobs places many people, renters and those with mortgages, at high risk of defaulting and
subsequent eviction. Evictions create opportunities for property speculation and land grabbing,
as well as governance challenges for land administration.

e The COVID-19 crisis is exacting a massive toll on the poor and vulnerable. Millions of people
will fall into extreme poverty, while millions of existing poor will experience even deeper
deprivation, the first increase in global poverty since 1998. This will mean an estimated
additional 18 million extremely poor people in Fragile and Conflict-affected States (FCS), and
the pandemic is deepening existing sources of fragility and exacerbating instability in Fragility,
Conflict and Violence (FCV) settings. Land conflicts are major issues in FCS and can have
long-term consequences as displaced people flee. Already the pandemic has manifested as a
critical risk for refugee and resettlement camps. Homeless people are at high risk of contracting
and spreading the virus and are not subjected to effective screening. Safe social distancing is



16 Land Administration and Authoritative Geospatial Information

largely not possible. Contact tracing of the homeless is also very difficult. Homelessness through
eviction of insolvent renters is straining LIC, MIC and HIC alike.

e The scale of the financing challenge for developing countries is measured in trillions of US
dollars. The sudden reversal of capital flows has helped finance the exceptional fiscal packages
in the advanced economies but has left emerging market and developing economies exposed. The
additional financing needs for developing countries arising from the crisis remain uncertain, but
they will be exceptionally high and likely to persist over the medium term. Pandemic-related
external financing gaps for active International Development Association (IDA)? countries
could be in the range of US$25-100 billion per year — assuming that incremental financing
needs arising from the crisis are in the range of 2-10 percent of GDP and that only half of
these can be met internally. For WB International Bank for Reconstruction and Development
(IBRD)* borrowers (representing approximately one-third of MIC GDP), the equivalent range
is US$150-600 billion annually. This has serious implications for countries needing financing of
resilience requiring investments in LAS and NSDI.

The pandemic has highlighted the urgent need for policy action to cushion its consequences,
protect vulnerable populations, and improve countries’ capacity to cope with similar future events.
It is also critical to address the challenges posed by informality and limited safety nets and undertake
reforms that enable strong, inclusive and sustainable growth. However, the pandemic’s rapid global
economic impacts highlight the fragility of the sustainability of SDG Goal 1, extreme poverty
alleviation [1].

2.4 Overview of WB-FAO Partnership

Since 1964, the Cooperative Programme (CP) between FAO and the WB has continued to support
reforms concerned with secure access to land and other natural resources, reinforced national
food security and nutrition, mainstreaming responsible land governance and sustainable economic
development. Rapid penetration of innovative hi-tech geomatics accelerated digitalization of LAS
and advancement of e-government have naturally expanded the FAO-WB investment partnership
in the land sector to encompass NSDI. The body of experiences, good practices and lessons learned
during such land sector investments supported by international development partners have duly
informed, and are integrated in the VGGT. In general, poor tenure security, non-recognition of
legitimate land rights and interests, or lack of land and geospatial records on access rights reduce
the resilience of people to natural disasters and to climate change effects. Mindful of the resilience
impact of LAS and NSDI, and triggered by various recent hazards, several joint interventions of
the WB and FAO pay special attention to resilience building, and/or use resilience as an entry
point for investing in land sector reforms.

The WB and FAO have partnered to promote the fundamental role of LAS and NSDI
infrastructure for improving disaster resilience at the community and national levels, in line with the
VGGT and the Sendai Framework. The recent CP experiences have highlighted good practice rapid
assessments of the resilience and resilience impact of national land administration and geospatial
information systems, which are relevant to the pandemic context, over several countries, which are
discussed in this Chapter.

3IDA is part of the World Bank Group. IDA offers concessional loans and grants to the world’s poorest
developing countries.
4IBRD is part of the World Bank Group. The IBRD offers loans to middle-income developing countries.
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2.5 Resilience Enablement Through LAS and NSDI

Comprehensive and authoritative LAS and NSDI are of strategic importance for economic
prosperity and inclusive growth, sustainable development, responsible governance of natural
resources, and resilience — due to their potential to facilitate information synergy across
multitudinous thematic domains and thus support efficient and effective decision making, as well
as leveraging land as a fundamental economic factor and original source of all material wealth. In
the context of national and community resilience, LAS and geospatial information are critically
significant for systemic and institutional preparedness to enable the country, government and
communities to mitigate hazards, adapt and recover from shocks or stresses. Such preparedness,
adaption and recovery should be without compromising long-term development prospects of
communities, cities, localities, regions and countries. That means digital information, secure data
storage of land administration information and an NSDI providing geospatial information that is
accessible, authoritative and sustainable. These are activities which must be led by the government
for the benefit of all, with civil society, community, private sector professionals, investors and
academic participation.

Resilience, be it for disasters or pandemics, requires a high degree of geospatial preparedness,
which is best achieved through NSDI. For NSDI, countries require: (i) an agreed common geospatial
framework with defined horizontal and vertical reference systems; (ii) standards, data sharing
protocols and data access; (iii) fundamental mapping or geospatial datasets; (iv) an agreed lead
agency mandate for the overall coordination of the NSDI and designated lead agencies for the
production and maintenance of fundamental geospatial data themes; (v) communications; security;
and (vi) human, technical and financial capacity to sustain the systems. In the context of a
pandemic, further geospatial-related requirements may include: (i) access to mobility data from
telecommunication networks, video-surveillance, urban and other sensors; (ii) tools to analyze the
influx of near real-time data; (iii) spatially-enabled systems to support public health surveillance;
and (iv) policies for balancing the protection of personal data privacy and confidentiality with
ensuring the public good.

Many countries, especially LIC, may have very limited digital geospatial information and
immature NSDI, limiting, or inhibiting, their preparedness for disasters or pandemics. For some
LIC and MIC, recent wars or civil conflict have further left legacies of weak geospatial preparedness.
Also, a legacy of conflict is often that LAS are either non-existent or in very poor shape due to
the destruction of land records and other evidence of rights. For such countries, preparing any
NSDI investment should be preceded by an assessment or stocktake of the existing systems. There
is undoubtedly a geospatial preparedness inequity between countries, especially LIC, which places
them at a severe disadvantage in developing resilience that requires geospatial information.

A major impediment to pandemic preparedness is often the weak street and postal addressing
systems which precludes effective emergency response, contact tracing and monitoring of families
and individuals for medical testing and follow-ups, vaccination programs, reliable reporting
statistics, delivery and access to social benefits and so forth. For homeless people, even in advanced
economies with well-developed address systems, the lack of access to an address is a major
limitation and poses health risks especially where such people are mobile. Indigenous, customary
and communal tenure systems are also especially vulnerable during pandemics where lack of formal
records, geospatially referenced land parcels fabric and an addressing system leave inhabitants
vulnerable.

As the world endures the pandemic and moves to the new norms, governments, often with
international development assistance, will need to: (i) review how existing systems worked or failed
during the pandemic; (ii) assess the effectiveness of geospatial information’s and LAS contributions
to surveillance and tracking; (iii) identify whether any non-traditional land and geospatial data
sources (e.g. crowd-source data) may have government response to the pandemic; (iv) examine
the effectiveness of measures used in the property markets, including valuation and government
guarantee of tenure rights, addressing both ownership, leaseholds and rentals, to mitigate financial
and economic downturns and ensure good governance; (v) review the impacts of land-indigence,
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landlessness and homelessness on the spread of the virus; (vi) study the impacts of regulated spatial
planning on controlling the spread of the coronavirus and other future pandemics and health crises.

Authoritative geospatial information plays critical roles in all phases of disaster management:
disaster prediction, prevention, preparedness and mitigation, emergency response, evacuation
planning, search and rescue, shelter operations, and the post-disaster restoration and monitoring.
Reliable and comprehensive land administration information, including land records are critical for
many of the phases of disaster management including preparedness, recovery and reconstruction.
Especially important for the pandemic context, is address information to enable reliable contact
tracing and even social distancing. LAS and NSDI underpin economic and social recovering,
supporting the minimization of the shocks of disasters and pandemics and enabling quicker recovery
to return to normal.

Assessing the likely impact of disaster events requires detailed inventory of real estate assets,
buildings, housing, crops, and infrastructure, including specific location-based information such as
street address, and other horizontal and vertical positioning referencing data. Although, pandemics
don’t damage or destroy such items a spatial inventory of housing and occupancy would be expected
to be beneficial.

Secure tenure is the key to reducing disaster vulnerability and risks. The more secure, formal
and reconcilable the rights and systems are, the less vulnerable land users are to eviction or loss
of livelihoods in the case of a disaster, and the more likely they are to receive compensation for
losses sustained. Secure tenure increases investments in dwellings, which reduces risks and improves
resilience through better siting and construction of buildings. Better quality housing in terms of
space, ventilation, access, amongst other factors is conducive to supporting good social distancing
and enhancing pandemic resilience.

Land administration and geospatial information needs to be accurate, reflect reality on the
ground, and be up to date if it is to contribute to disaster preparedness and risk mitigation, and
responses to disaster events. In many countries this is not the case, making them vulnerable to
disasters. Street addressing transcends both land administration and geospatial information and is
vital for both disaster and pandemic resilience.

Sharing land and geospatial information with disaster risk management agencies and enabling
them to harness these valuable data in their planning and operations enhances the overall process
and supports government-wide agendas, but often there are disconnects between a number of these
key elements and a lack of interoperability. NSDI are essential to overcoming these issues. Improving
interoperability means overcoming technical, capacity, legal, and cultural impediments.

LAS and NSDI can only perform their roles if they are themselves resilient — which means they
must also be sustainable. Yet often LAS records are paper-based and are vulnerable to destruction.
Remote storage of electronic data offers greater protection providing such data are properly secured.
The organizations responsible for LAS and NSDI geospatial systems need to have business recovery
plans which are regularly tested. These organizations need to be adequately resourced in terms of
finances, trained personnel, equipment and facilities at all times. However, data must also be
accessible. LAS and NSDI that are not able to deliver reliable, accessible information when there
is no disaster or pandemic, cannot be expected to deliver during the times of disaster or pandemic.

Governance issues play an important role in the effectiveness of LAS and NSDI. Corrupt or
ineffective town planning, land management, or building control systems enhance the risks from
disaster events and impede recovery and reconstruction. Stakeholder involvement is needed so that
all parties know the parts they must play in the event of a disaster event. Those responsible for
disaster planning and mitigation and for reconstruction and recovery should be accountable to the
population and respect human rights. Governance will be tested after any disaster. It is too early
to assess any governance challenges from the COVID-19 pandemic, but in the near future such
studies should be undertaken.

In light of the above, Table 2.1 summarizes applications for land administration and geospatial
information in the emergency contexts of disasters and pandemics.
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TABLE 2.1
Land Administration and Geospatial Information Uses for Disasters and Pandemics
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2.6 COVID-19: Specific Challenges

The pandemic has created land-tenure related and spatial challenges that have never been
experienced before. These include, but are not limited to:

e Lockdown — requires a secure, serviceable, habitable place to live (dwelling) that is accessible to
emergency services, power, water, sanitation. Homeless people and slum dwellers are especially
at risk of contracting and spreading the virus

e Social distancing — sufficient space between people when they live and reside — again, homeless
people and slum dwellers are especially at risk of contracting and spreading the virus

e Contact tracing — requires physical address — homeless people and slum dwellers are unlikely
to have an address

e Privacy of personal information.

In response to the COVID-19 pandemic, many countries requested their citizens to practice
social-distancing, stay-at-home and to stay safe. This has created significant challenges to
implement, given the vast numbers of homeless people in both developed and developing nations.
Also, for many countries housing conditions and density of informal settlements often do not
allow residents to follow basic hygienic measures or to keep the minimum social distance to
reduce spreading the virus. Much is being reported on the need to undertake “formalization or
regularization of slums and illegal settlements”. However, that may secure rights, but it does not
improve safety, well-being, services, or quality of life.

Gender is also being reported as a specific COVID-19 challenge. Men have sustained a greater
death toll from the pandemic than women. In April 2020, men accounted for 65 percent of deaths
[7]. Stanley and Prettitore [8] specifically cite the gender experiences with tenure security of Aceh
and North Sumatra following the December 2004 tsunami. It is well reported that in times of
disasters and conflicts women may be especially vulnerable regarding tenure security and access to
land rights [9]. In the longer term, reforming inheritance laws and marital property regimes will
be key to improving the implementation and enforcement of women’s rights to housing land and
property rights, as well as ensuring that social and cultural norms also change. Titles or other
rights instruments are not sufficient to bring about change and ensure the rights of women.

However, are women more vulnerable to the tenure-related shocks of the pandemic? Although
Stanley and Prettitore [8] advise that women are more vulnerable, this Chapter suggests that it is
probably far too soon to draw firm conclusions, but as more research and analysis is undertaken,
it may also better highlight the vulnerabilities of women under a pandemic crisis. Nonetheless the
tenure rights of everyone must be respected and the challenges are always there.

“Ezxperience from post-disaster land activities in Aceh, Indonesia, and from post-conflict land
restitution programs in Colombia have shown that with willingness and a focus on women’s
particular barriers, we can make a difference. It’s time we break down the barriers to women’s
access to land around the world, and make sure to protect women’s rights while the pandemic places
them in a precarious situation” [8].

The United Nations Economic Commission for Europe (UNECE) Working Party on Land
Administration and the International Federation of Surveyors (FIG) have admirably worked
together to examine the situation of informal settlements in the pan-European region and have
identified ways to formalize informal developments. The result has been the “Guidelines for the
Formalization of Informal Constructions” [10], which provides a practical guide, explaining how to
structure a program for the formalization of informal constructions. The Guidelines would seem
to have the potential to be considered globally to assist countries in post-COVID-19 recovery.
Benefits from formalizing informal settlements could contribute to economic recovery by integrating
them into land markets, with clear ownership titles and registration. Security of tenure, ownership
of land and property provides access to credit, and environmental, planning, construction, and
utility-provision improvements can be initiated to a standard where people can live in adequate
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and healthy homes. The authors of this chapter would suggest that the Guidelines may have gone
much further in terms of actual technical content especially regarding implications for construction,
infrastructure service and utilities. Notwithstanding, these UNECE and FIG Guidelines are a
useful reference for any country or jurisdiction seeking to address formalization of informal tenure.
Commendably, UNECE has always been proactive when it comes to guidelines, especially in terms
of improving land administration systems information in the region. Most notably, the UNECE
[11] “Guidelines on Land Administration” have been referred to widely, not only in the European
region, but globally.

It is well-reported that there are at least one billion urban dwellers currently living in informal
settlements, which has increased from a 1996 estimate of around three-quarters of a billion. It will
no doubt continue to grow as the world’s urban population continues to grow. The importance
of tackling this issue is undeniable and measured under several United Nations Sustainable
Development Goals (SDGs). SDG target 1.4 stresses that governments should ensure that all men
and women, particularly the poor and vulnerable, have equal rights to economic resources, as
well as access to basic services, ownership and control over land and other forms of property and
inheritance. SDG 11 stresses that cities and human settlements should be inclusive, safe, resilient
and sustainable. The growth and magnitude of natural disasters around the world, of all types,
have clearly identified the need for building resilience. Informal settlements have been built outside
the formal system of laws and regulations that ensure tenure, legal ownership and safe, resilient
structures. Informal development is not a new issue. However, over the last 30 years, informal
development has become an increasingly urgent matter. UNECE reported in 2007 that more than
50 million people lived in informal settlements in 20 member-states of the UNECE region. Europe
has experienced a rise of urban dwellers who cannot afford to pay rent, with housing costs rising
particularly rapidly in the more prosperous large cities. This is especially the case for the Southern
and Eastern parts of the region, while Western European countries are said to have more than 6
percent of their urban dwellers living in insecure housing conditions.

Slums are especially vulnerable due to:

e High population densities contribute to rapid and broader spread of infection which accelerates
transmission

Household overcrowding makes behaviors like social distancing difficult
e Poor living conditions exacerbate transmission slowing behavior
e Limited access to health services

e Reliance on crowded transport services increases contagion risk

Working in the informal sector poses risks [12].

Renters, tenants, lessees and mortgagees are vulnerable to the economic impacts of the
pandemic. All too often renters, tenants and lessees are forgotten in discussions of tenure security,
as they do not hold absolute ownership rights. Rather, their tenure rights would be expected to
be covered under contracts. However, often such tenure rights are not automatically inheritable,
plus their security is generally subject to payment of rent, therefore they may be forfeited when
rent payment defaults, leading to eviction. Similarly, mortgagees who are unable to defray mortgage
repayments to the financier, may lose tenure rights and face foreclosure and eviction. Such problems
are experienced globally, in both developed and developing economies. Notably some countries
legislated relief periods for rents and mortgages — but periods of several months are already proving
to be insufficient to people who have lost income and assets.

As the COVID-19 pandemic spreads across the globe, lives, livelihoods, food supplies and food
security are being severely disrupted. In the face of this crisis, investment in agriculture and food
systems provide an important way to support communities’ resilience against crises and ensure
robust food supply chains. This has very profound implication for land and tenure security as land is
a critical factor in agriculture. Investment in the sector is crucial now more than ever, but experience
shows that focusing only on more investments is not enough. The “Principles for Responsible
Investment in Agriculture and Food Systems” (RAI) by the Committee on World Food Security
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[13] are the main global instrument to provide guidance in this regard. The RAI have heavily
drawn from guiding frameworks such as the Principles for Responsible Agricultural Investment
that respects rights, livelihoods, and resources (PRAI) by FAO, International Fund for Agricultural
Development (IFAD), United Nations Conference on Trade and Development (UNCTAD), and the
WB, and also build on the VGGT [14].

Location of citizens has been highlighted as a very important element of managing and
responding to COVID-19 cases and transmissions. In public health, contact tracing has dual roles.
Firstly, contact tracing is undertaken to find all infected persons and those who have been in contact
with infected persons. It has been a very effective pillar of the control of communicable diseases,
e.g. contact tracing was primarily responsible for small pox eradication, rather than universal
immunization. Secondly, contact tracing may be undertaken to learn more about the disease
characteristics, especially the spatial context including infection clusters, locations of secondary
and subsequent infection waves/spikes.” At the time of writing this Chapter, it has been reported
that with the escalation of new cases in the USA, at around 50,000 new cases per day, contact
tracing may no longer be viable.®

The pandemic has brought a global re-thinking of the confidentiality of personal information
to better manage spread of the disease. Arguably, when the greater good is public health, new
approaches to privacy of personal information are necessary. However, risks of abuse are being
raised globally. In April 2020, the EU produced its “Commission Recommendation of 8.4.2020 on a
common Union toolbox for the use of technology and data to combat and exit from the COVID-19
crisis, in particular concerning mobile applications and the use of anonymized mobility data”. Also,
in April 2020, the EU produced “Guidelines 04/2020 on the use of location data and contact tracing
tools in the context of the COVID-19 outbreak”. Both publications provide very useful guidance to
any country or jurisdiction seeking to address personal information and also contact tracing through
policy and regulatory means. Commendably, the EU has continued to be progressive in promoting
sound policy with information and also NSDI. In 2007, the EU issued Directive 2007/2/EC for
establishing an Infrastructure for Spatial Information in the European Community (INSPIRE).
In 2016, the General Data Protection Regulation (EU)2016/679 (GDPR) was approved by the
European Parliament as a regulation in EU law for data protection and privacy throughout the
EU, and member countries are required to comply.

In the COVID-19 context, vulnerable communities around the world are expected to face
increased land grabs, migration, displacement, corruption, and evictions. For many countries,
especially LIC and MIC, it is unlikely they have sufficient capacity and resources to fully address
these challenges. Technology will undoubtedly play key roles, as already has been demonstrated
with smart phone applications for contact tracing. At this time, there are many questions, and
clarity may only come with time:

e Can LIC and MIC afford to fund LAS and NSDI investments at sufficient levels to rebound
from the pandemic in order to return society to normal, when all countries have suffered huge
economic losses?

e Articulating the benefits of funding land services, protecting the land claims of vulnerable
populations, and accelerating the pace of securing land and property tenure is very important.
Advocating for significant investments in technology, and ensuring political support to digital
transformation at a time when there may be greater financial priories, is a huge challenge. How
are we seeing technology and land data playing a role in COVID-19 planning and response and
perhaps more importantly, what role can it play in post-pandemic response to better prepare
us for the long-term?

e What successful technology-based approaches to land governance (including land administration,
land development and land use planning) and lessons learned during COVID-19 can be
continued? Evidence-based advocacy, rather than rhetoric and evidence from the land sector is
required. Already there is an abundance of blogs, webinars and lobbying of governments and

5https ://en.wikipedia.org/wiki/Contact-tracing
Shttps://www.docwirenews.com/docwire-pick/hem-onc-picks/the-covid-19-pandemic-close-to-12-million-
world-cases-contact-tracing-no-longer-possible-in-us-south-and-more/
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international finance institutions to fund technical interventions — often claiming pandemic
recovery will be quicker through quickly deploying technologies that can be used to collect
and manage land and geospatial data — such as smartphones, tablets, computers, handheld
GPS/GNSS, and drones to name a few — how are they being used to equitably and inclusively
accelerate land administration processes?

Building resilience, through sustainable LAS and NSDI requires investment — both for the
development and implementation as well as ongoing maintenance, further development and
continuous improvement. It very much should remind everyone why the word “infrastructure”
was included in the term NSDI — which was to ensure that soft infrastructure is funded in
a similar manner to hard infrastructure. The recession and financial challenges of governments
around the globe, especially in LIC and MIC, creates opportunities for alternative service delivery
including public-private partnerships (PPP). Bell [15] raised opportunities such as the provision
of information technology (IT) infrastructure and services, positioning infrastructure and services
including Continuously Operating Reference Stations (CORS) and customer service delivery as
potential areas, subject to necessary safeguarding. Loss of capacity and governance concerns may
also create openings for PPP modalities to support resilience investments in LAS and NSDI.
However, any such investments, must be rigorously safeguarded by government oversight to ensure
reliability, sustainability, good governance, public access and affordability.

2.7 Pragmatic Rapid Assessment of LAS and NSDI Maturity in
Resilience Contexts

Countries cooperate with development partners to assess their respective land and geospatial
information sectors and get advice on policy, legal, institutional, capacity and technology reforms
aiming to boost sustainable socio-economic growth and natural resources management, enhance
resilience to adversities, and safeguard the environment. The WB and FAO have frequently
partnering through their CP to respond to such requests, promoting also the fundamental role
of LAS and NSDI infrastructure for improving disaster resilience at the community and national
levels, in line with the VGGT and the Sendai Framework. A rapid LAS and NSDI assessment
approach has shaped up through the CP and collaboration with members and others, mostly
driven by pragmatic considerations and restrictions imposed by funding modalities. The recent
partnership experiences have highlighted good practice rapid assessments of the resilience and
resilience impact of national land administration and geospatial information systems, over several
countries including Nepal, Myanmar, Lebanon, Kyrgyzstan, and Uzbekistan. The same pragmatic
rapid assessment approach was also used unilaterally by the WB in Kerala, Punjab, the Solomon
Islands, Lao People’s Democratic Republic (see Table 2.2).
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TABLE 2.2
Experiences with Pragmatic Rapid Assessment of LAS and NSDI Maturity in Resilience
Contexts within Selected Countries
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TABLE 2.2
Continued — Experiences with Pragmatic Rapid Assessment of LAS and NSDI Maturity in

Resilience Contexts within Selected Countries
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TABLE 2.2
Continued — Experiences with Pragmatic Rapid Assessment of LAS and NSDI
Maturity in Resilience Contexts within Selected Countries
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@ World Bank (2017) Kyrgyz Republic: Next Generation Land Administration and Management Services — non lending
technical assistance (P158348), Bishkek, 2017

b World Bank (2018) Myanmar: Towards a Sustainable Land Administration and Management System — land sector
needs assessment technical assistance (P157559), Nay Pyi Taw, 2018

€ http://www.fao.org/myanmar/news/detail-events/en/c/1033174/
World Bank (2020) Solid Ground: Increasing community resilience through improved land administration and geospatial
geospatial information systems, Washington DC, 2020, p. 33

€ World Bank (2020) Nepal: Technical Assistance to Develop the Land Administration and Geospatial Information
Systems (Resilience and Resilience Impact of the Land and Geospatial Systems, P165271), Kathmandu, 2020

f World Bank (2020) Improving Resilience and the Resilience Impact of National Land and Geospatial Systems - Phase II
implementation support, Washington DC, 2020, pp. 7-53

9 World Bank (2020) Improving Resilience and the Resilience Impact of National Land and Geospatial Systems - Phase II
implementation support, Washington DC, 2020, pp. 54-87

b World Bank (2020) Improving Resilience and the Resilience Impact of National Land and Geospatial Systems - Phase II
implementation support, Washington DC, 2020, p. 4

The pragmatic rapid approach allows to produce targeted outputs within a short term (a couple
of weeks) and with modest workload (around a man-month of expert input per topic). The approach
relies on: strong ownership by, and participation of stakeholders — coupled with international
expertise knowledgeable of good practices;” expert analysis by brief desk review of web-sources,
published documents, research, articles and statistics relying on local sources; gathering hands-on
information in a limited series of face-to-face, profiling and cross-cutting technical discussions and
field visits — during a short mission facilitated by the beneficiary; intensive home-based synthesis of
outputs; and verification of findings and recommendations by key stakeholders. This good practice,
— based on long-term WB and FAO expertise and experience — proves relevant and is appreciated
by beneficiaries, since it is, among others: inherently focused on leaving no one behind, in line with
good practices,® and endeavoring to reach the furthest behind first; affordable; very adaptable to

7viz. VGGT and the Sendai Framework.

8Lamd-indigence refers to land holders whose land is: (i) too small or otherwise inadequate to support healthy
living, social distancing during pandemics or other health crises; and/or (ii) insufficient for a livelihood in the
context of rural small farmers.
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country specificity; participatory — thus capacitating in-country stakeholders; matching the needs
— as its emphases, depth and detail can be tailored to the topical reform agenda; and producing
outputs within tight time frames.

In assessing LAS and NSDI requirements the WB and FAO look at various tools to support and
inform the work including a range of geomaturity and SDI-readiness® instruments, considering and
evaluating also other available tools for geomaturity and NSDI-readiness, including the Integrated
Geospatial Information Framework (IGIF) developed under the United Nations Initiative on Global
Geospatial Information Management (UN-GGIM). UN-GGIM is currently drafting a Framework
for Effective Land Administration (FELA), as reference for developing, reforming, renewing,
strengthening or modernizing land administration and management systems. Early discussions
with selected WB client countries suggest that there are parallels with IGIF. That is, rather than
implement another costly and time-consuming framework, simply consider its key elements during
the rapid assessment. FAO has communicated its doubts regarding FELA’s added value in the
context of other existing UN instruments. Within WB, similar doubts are shared. Experience
with IGIF’s NSDI diagnostic, alignment to policy drivers, socio-economic assessment, and action
planning, as piloted for example in Guyana'® (2018-19) — helps to draw parallels and inform the
approaches elsewhere. However, after evaluation, it is often agreed with the governments that the
pragmatic rapid approach is more suited to the resilience context especially as it is cheaper and
quicker.

2.8 Build Back Better

Following a disaster event, it is not sufficient just for reconstruction to take place, but construction
and land administration and geospatial information should be enhanced through building back
better, so that there is greater resilience to future disaster events [1, 6]. Disaster events often reoccur
so that just undertaking recovery work is an inadequate response, as it is likely to be destroyed by
the next disaster event. Only by building back better can communities be protected in the future.
Investment in doing so produces substantial returns on the capital employed. Similarly, following
a pandemic, building back better principles should also be adopted.

Rebuilding after disaster events requires reliable, accurate geospatial data, at the appropriate
levels of precision to enable engineering and construction works to be undertaken, something
that volunteer geographic information cannot achieve. Following the pandemic, reliable, accurate
geospatial information is also required, especially to support rehabilitation of slums and areas of
homelessness to ensure they are appropriately planned and serviced to ensure health and well-being.

From the historical perspective, the concept of “Build Back Better” (BBB) was probably first
coined in Indonesia in 2005 in discussions between WB, the UN Special Envoy for Tsunami (Bill
Clinton) and officials of the government’s reconstruction agency (WB, 2005).'* The original concept
was very much focused on physically building back better in terms of engineering of structures,
assets and infrastructure, better planning, community safety, early warning as well as land rights,
and gender equality. However, in the context of the pandemic, BBB has taken on broader roles
including low carbon, climate change, green growth, the digital economy, addressing inequality,
amongst other topics [16]. Investment in NSDI and LAS have much to contribute to this new
view of BBB. Apropos SDGs 13 and 14, in the post-COVID-19 world, there is good reason to be
optimistic that these and other long-standing global and regional issues will be addressed. LAS and
NSDI have critical roles in contributing significantly to the solutions.

9Spatial-Data-Infrastructure readiness.

OFAO (2018), Mainstreaming Sustainable Land Development and Management in Guyana (project
GCP/GUY/003/GRI).

L Attribution of this term’s origin has been incorrectly attributed to the Sendai Framework, wherein it is reported
that the term: “was firstly defined and used officially in the UN Sendai Framework for Disaster Risk Reduction
2015-2030, which was agreed at the Third UN World Conference on Disaster Risk Reduction 14-18 March
2015, which was held in Sendai Japan, and this document was adopted by the UN General Assembly on 3 June
2015”.
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2.9 Concluding Remarks

All countries, inter-governmental coordination bodies, development agencies, civil society
organizations and professional bodies such as FIG have a role to play in promoting resilience
through LAS and NSDI. The less hype and the more evidence-based approaches to support
resilience, the better prepared communities will be to withstand the shocks of the next disaster
or pandemic. Fit-for-purpose investments, that can be incrementally improved over time, which
require sustainable LAS and NSDI, will enable resilience and ensure that legacy systems are not
barriers to recovery after any shock. The partnership between the WB and FAO to promote the
VGGT, will continue to play a leading global role in supporting the resilience of countries, cities
and communities.

For the land sector, the outbreak again brings to light the very intimate, spatial relationships
between land, people and communities — and how the shocks of any disaster or pandemic disrupts
life and livelihoods.

The land sector can better promote the adaption of relevant technologies. There is evidence
that fit-for-purpose approaches to land administration can reduce costs and promote greater
transparency and accountability in the building of complete LAS, given the growing availability
and reach of technologies that can be used to collect and manage data, — such as smartphones,
tablets, computers, handheld GPS/GNSS, and drones to name a few. However, technology is never
a solution, rather it is an enabler. Using technology to overcome development challenges is not
a new phenomenon. This is particularly true in the land sector, where tools for collecting and
managing data relating to land use and rights have advanced considerably in recent decades. In
the post-pandemic recovery, technology is likely to prove even more critical for the collection and
management of land-related data to advance land rights and tenure security for millions of people
left out of formal land systems. Mere formalization of rights in over-populated, unhealthy slums,
will not build resilience unless there is spatial planning.

For those working in international development, the pandemic has brought almost everything to
a complete standstill. Development agency priorities are generally committed to the higher priorities
of governments dealing with the economic meltdowns as well as addressing health demands and
urgent needs for survival of society including food security. These priorities may see deferments of
new investment projects for LAS and NSDI. Most land sector interventions take considerable time
to implement and political will is paramount. The post-pandemic world presents opportunities for
significant progress with carbon emission reduction, climate change, green growth and PROBLUE.
LAS and NSDI have key roles to play in the resilience of the post-pandemic world by Building
Back Better.

“Adversity has the effect of eliciting talents, which in prosperous circumstances would have
lain dormant”.
Horace, Latin Philosopher (65-8 BC).
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Open Geospatial Data for Responding to the
COVID-19 Challenge

Maria Antonia Brovelli and Serena Coetzee

The period after the appearance of the SARS-CoV-2 wvirus has seen a flourishing of
dynamic online maps and dashboards useful for communicating the spread of the disease,
but not for the in-depth study of the phenomenon. The speed at which the disease is
disseminated calls for rapid analysis and action. Data that is readily available, such as
open data, or rapidly collected, e.g. by citizens, can make a significant contribution to
modelling, understanding and containing the spread of a disease. This chapter explores
open geospatial data responding to the COVID-19 challenge: What data is useful for
studying the spatio-temporal spread of the virus? What is the availability of such open data?
The chapter wants to answer these questions critically, also providing useful information to
all those who want to support research, not only linked to this zoonosis, but more generally
future epidemics and pandemics for which we should be better prepared.

3.1 Introduction

The globalized society of today is challenged by various emerging diseases, in many cases, zoonoses,
such as the Ebola Virus Disease (EVD), bird flu, swine flu, SARS-CoV and MERS-CoV, and
these are often related to climate change. Coronavirus disease (COVID-19) caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is a classical example. COVID-19 is a
communicable disease where infections are transmitted from one person to another through little
droplets, emitted when someone talks or coughs. A person can be infected through direct contact
with the droplets, or by touching droplets that have settled on a surface or object and touching
their face afterwards [1]. COVID-19 is therefore often transmitted when people are in close contact
with each other (within 1 m) or in places that are frequented by many people. It also seems that
certain demographics, e.g. older people, are more often severely affected by the disease.

On 11 March 2020, the World Health Organization (WHO) declared the COVID-19 epidemic
a pandemic, and by October 2020, there were close to 35 million confirmed cases and more than
a million deaths reported [2]. Governments have always had to respond to natural disasters and
outbreaks of infectious diseases, the cause of loss of life and the devastation of both the environment
and national economies.

The current viral epidemic is of colossal proportions and the rate of infection multiplies rapidly,
favored by our densely populated urban centers and an interconnected global economy. Moreover
this is not an isolated occurrence, as we have been experiencing similar situations with Ebola, HIV,
dengue, SARS, MERS, Zika and West Nile. Researchers estimate [3] that zoonotic diseases account
for 75% of all new or emerging diseases in humans.
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The recent and dramatic evolution of the COVID-19 pandemic has highlighted and accelerated
some developments that were already taking place in the scientific world and in society in general.
If digitization is what immediately catches the attention, a second aspect which deserves great
attention, is the use of maps in the communication of information relating to the virus spread.
Our daily lives have been pervaded by dashboards with maps, a key source of information about
the status of the pandemic (from the beginning of the epidemic until today), ranging in scale from
hotspots in cities to provinces in a country and countries on a world map.

These dashboards, however, show only simple data visualizations (e.g. number of infections
per administrative area, such as country or province), which represents, even in its powerful
effectiveness, only a small part of the value of geospatial information applied to health-related
information. Georeferenced data, in fact, could play a crucial role in the analysis of the phenomenon
itself, leading, for example, to the production of vulnerability and resilience maps, which can help, if
not to eradicate the virus, at least to study its spread, evaluate appropriate containment measures
for different areas, and thus reduce its impact. Generally, geospatial information constitutes
potentially decisive support for offering and making accessible a multidimensional and scalable
approach, necessary for the rethinking and reorganization of our entire society in a spatial
perspective. Furthermore, the UN GGIM’s Strategic Framework on Geospatial Information and
Services for Disasters recommends that geospatial information provided by Member States and the
international community “shall be openly accessible to the disaster risk management community,
as appropriate” [4].

Since the problem we are facing affects the whole world, this chapter focuses on open data
with global coverage. Open geospatial data with global coverage has the advantage that anyone
anywhere in the world can use the data in the same way for their specific part of the world [5]. It
can therefore provide a homogeneous framework to scholars and decision makers for analysing the
multifaceted aspects related to the pandemic. The Open Knowledge Foundation [6] lists three key
features of open data and content: 1) availability and access at a reasonable cost and in convenient
and modifiable form; 2) licence that allows reuse and distribution in machine-readable form; and
3) universal participation without discrimination against fields of endeavour (e.g. commercial
or non-commercial) or against persons or groups. The notion of data being “open” is not only
associated with free and unrestricted access to the data, but also with transparent and inclusive
consensus-based decision-making [7], [8] identified three different kinds of open geospatial data.
Firstly, there is data collected by volunteers who organize themselves into communities, e.g.
OpenStreetMap. Secondly, some open geospatial data is collected by authorities and published
in the spirit of freedom of access to information legislation. Thirdly, open geospatial data is also
collected and published by researchers to encourage reuse of the data. Another kind of data is
provided by commercial organizations for humanitarian purposes, specifically in the fight against
COVID-19. This chapter provides examples of these four kinds of data. Geospatial data is useful
for addressing many different humanitarian and socio-economic challenges, however, in this paper,
we focus only on pandemics.

This paper should not be considered to be the final milestone nor does it claim to be complete
and exhaustive, but rather a path that leads to identifying what is openly available to support
the activities of experts who do not belong to the geospatial domain and who need these data
to contextualize and enrich their analyses with meaning. A second aspect, addressed instead at
geospatial experts, is the definition of the deficiencies in the data and information that we make
openly and freely available, so that anyone can acquire a direct and immediate advantage in easily
using spatio-temporal products. In the next section we describe what geospatial data is useful
in the case of disasters, such as the COVID-19 pandemic. Subsequently, we present and discuss
several sources of relevant open geospatial data. The chapter is concluded with an assessment of
the availability and suitability of open geospatial data for responding to the COVID-19 challenge.
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3.2 What Data Is Useful for Responding to the COVID-19
Challenge?

Epidemics and pandemics are disasters that cause significant damage to humans, physical
structures, the economy or the environment. Risks associated with a disaster are reduced by
following a risk management approach that identifies, assesses and reduces risks. Depending on
the stage of the disaster, risks are managed by prediction, prevention, mitigation preparedness,
response, recovery and rehabilitation [9]. To reduce risks associated with COVID-19, geospatial
data can be used in many ways, e.g.

e to predict how the disease will spread, e.g. by identifying and analysing places or routes
frequented by many people in close proximity to each other;

e to prevent the spread of the disease, e.g. by identifying vulnerable areas based on population
density, demographics (age) and/or income, and protecting them;

e to mitigate the spread of the disease, e.g. by tracing people who visited the same locations as
an infected person;

to strengthen preparedness, e.g. by adjusting the number of planned surgical procedures in
relation to the number of infections in a hospital’s catchment area;

e torespond to the disease, e.g. by working out optimal routes for testing or awareness campaigns;
and

e to monitor and communicate the spread of the disease at different scales, e.g. infections by
country or province, or more fine-grained by street block, event or building and even location
of an infected individual.

Table 3.1 matches different kinds of geospatial data to the different aspects of risk reduction.
The remainder of this section elaborates on how these datasets can be used to identify, assess and
reduce COVID-19-related risks.

TABLE 3.1

Geospatial data for risk management in disasters (A =
Prediction, B = Prevention, C = Mitigation, D =
Preparedness, E = Response, F = Monitor and

Communication).

Geospatial data A | B C D | E F
COVID-19 infections X X X X
Reference information X X [ X | X | X [ X
Places frequented by many people X X X X X
Travel networks and mobility X X X X X
Land cover X X X

Address data X X X
Demographic data X X X X

Air pollution X X X

Water sources X X | X | X | X
Health facilities X X X

Based on knowledge at the time of writing, the COVID-19 disease is mainly transmitted through
close physical contact and respiratory droplets. Contamination happens either through direct
contact with respiratory droplets or through droplets that have settled on a surface or object.
Transmission happens when a contaminated hand touches the mouth, nose or eyes [1]. Therefore,
places frequented by many people or where people are in close proximity to each other present a
higher risk of transmissions. Because transmission happens through respiratory droplets emitted
by people, tracking the locations visited by contaminated people and closing them for a period of
time can help to contain the spread.
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Geospatial information about locations and routes that are frequented by many people is
of specific relevance when studying COVID-19. Examples are networks of public transport and
travel by air; capacity and occupation of places or buildings where people may gather in large
groups, such as socio-sanitary and social structures, educational institutions, recreational, cultural,
sporting structures, penitentiary institutions, structures of social marginality, accommodation
in general; places characterised by large concentrations of people, e.g. related to agriculture
(e.g. markets), commerce (e.g. shopping centres) and industry (e.g. factories); and in poorer
communities, communal toilets and water taps may pose a risk to COVID-19 transmission.

It has been observed that the risk of zoonosis, i.e. a pathogen such as a virus or a parasite
moving from animal to humans, is higher when there are significant ecological changes in an area
[10]. In such cases, humans may come into close contact with animals that previously lived far away
from any human activity. Land cover datasets provide information about such ecological changes
and can help with identifying areas at risk of zoonosis.

In order to study and understand the actual spread of the disease, location-based information
about the infected people and the places they visited is required. Information about such locations is
often provided in the form of a residential address that has to be converted into coordinates through
geocoding based on geo-referenced address data. However, to protect the personal information of
individuals, the information is usually published in an aggregated form, e.g. by administrative or
statistical boundary. Administrative areas, place names and address data are also relevant when
determining and reporting who may be affected by the predicted spread of the disease.

Older people (above 60 years) and those with underlying medical conditions, such as
cardiovascular disease, chronic respiratory disease, diabetes and cancer, are at a higher risk of
complications or the disease being fatal [1]. Therefore locations where these people receive care,
such as old age homes, hospitals and long term care facilities, need special protection. The nature of
the household may also present a vulnerability. When different generations live together in the same
household, it may be difficult to isolate the older generation from the rest of the household. Similarly,
when many people share the same room or ablutions, e.g. in dormitories or large families, physical
distancing measures to avoid contamination may be difficult. To identify vulnerable areas that need
protection, demographic and population data play an important role, including geospatial data
about the socio-economic status, age, health conditions, lifestyle, household size and population
density.

Another vulnerable part of the population lives in slums and informal settlements, or is
displaced and lives in camps and camp-like settings. Such communities are often neglected or
stigmatized and without access to health care services that are otherwise available to the general
population. Satellite imagery can be used to detect such settlements, if they are not yet reflected
in datasets of authorities. Satellite imagery and data contributed by volunteers, e.g. through the
OpenStreetMap ecosystem, is also essential for understanding these settlements so that control
measures and interventions amenable to the spatial characteristics of the settlement can be planned
and implemented, e.g. routes for community health workers involved in testing campaigns or access
points for delivering food parcels.

Frequent and thorough hand hygiene is one of the most important measures to prevent the
spread of COVID-19 [11]. Unfortunately, a large part of the world’s population does not have
access to a basic hand washing facility with soap and water in their home. In 2017, three billion
people were without such a facility [12]. These people are vulnerable to the COVID-19 disease and
any information about access to safe drinking water can help to identify those without such access.

Other examples of vulnerabilities are non-communicable diseases, such as hypertension, diabetes
and chronic respiratory disease, e.g. linked to air pollution [13]. Environmental datasets about
the concentration of air pollution and data about the prevalence and spatial distribution of
non-communicable diseases can help with identifying parts of the population vulnerable to
COVID-19.

In the WHO’s interim guidance on critical, readiness and response actions, objectives for
controlling and slowing down COVID-19 infections include rapidly finding (e.g. through testing)
and isolating cases, and tracing their contacts; suppressing community infections by implementing
control measures at locations at risk; and reducing mortality by ensuring continuity of essential
social and health services [14]. Geo-referenced address data can help with locating cases and their
contacts, e.g. through geocoding, while other geospatial data layers identify locations at risk (see
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above) where control measures have to be implemented. Spatial accessibility and capacity of health
services in response to the disease can be assessed with geospatial data about hospital locations,
their available equipment (e.g. intensive care units and ventilators) and occupation (e.g. availability
of beds in general wards). Additionally, the locations and capacity of places collecting and treating
medical and hazardous waste, e.g. infected masks, gloves and other personal protection equipment
(PPE), can be identified and assessed.

Citizen science projects involving geospatial data present the opportunity to strengthen
preparedness and responses. For example, volunteers can contribute data that provides geospatial
reference, such as the road network, landmarks and health facilities. They can further enhance this
data by adding opening times of health facilities, such as pharmacies, in their local communities.

In summary, location-based data that helps to answer the following questions is useful for
responding to the COVID-19 challenge:

e Where are locations with high risk of transmission?
e Where are the vulnerable people?
e Where are the infected people, and where were they in the past few weeks?

e Where are the healthcare facilities that can support infected people?

To communicate the answers to these questions, a base map is required for context and
orientation. The base map shows reference information, such as landmarks, place names,
transportation routes, administrative areas or an aerial photo as backdrop. These help the map
reader with determining and orienting the location of the map. Depending on the purpose of the
map, the reference information may differ; in some cases satellite imagery or aerial photography is
used.

3.3 What is the Availability of such Open Data With Global
Coverage?

In this section we present and discuss several sources of open geospatial data with global coverage
identified as useful for responding to the COVID-19 challenge in the previous section. The link in
the Annex lists URLs for datasets discussed in this section, together with the formats and licenses
in which they are published.

3.3.1 COVID-19 Infections

The first datasets we have to deal with are those related to the virus evolution in time and space.
The global coverage of available open data is good enough because almost all countries are included
but the resolution is very poor. Data are generally available per country and not with any more
detail. The first and main source of information is the dataset made freely available for non-profit
public health, educational, and academic research purposes in a GitHub repository [15] by the
Center for Systems Science and Engineering (CSSE) at the Johns Hopkins University (JHU). Data
sources are many and various, mainly the different national agencies, and the great value of the JHU
dataset is that, after their manual and automatic pre-processing, data are available in a standard
format.

The folders contain daily case reports of confirmed cases (C), deaths (D), recovered cases (R)
and active cases (A), where A = C-R-D.

Moreover, some computed indexes are also available, such as the Case Fatality Ratio (CFR),
which allows immediate comparison between data from different countries, as well as the creation
of thematic maps , e.g. choropleth, as it is the relative value of confirmed cases per 100,000 persons.

For the sake of comparing data between different countries, the European Centre for Disease
Prevention and Control [16] provides new total cases and deaths day by day, as well as the
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population count in 2018. This data is ready for studying differences in the evolution of the virus
because curves, e.g. by shifting it in such a way that all sets have the same starting outbreak point
(for instance, corresponding to a certain percentage of the affected population).

The United Nations Statistics Division, in partnership with Esri, makes the layers of JHU
available in various formats, including KML, GeoJSON and shapefile. The data is also accessible
through an API and Geoservices [2].

Countries included in the Our World in Data COVID-19 Testing dataset m

No data could be found Included in dataset

World in Data CuriricinDmta ceg/coronavirus + GO BY

FIGURE 3.1
Countries included in the Our World in Data COVID-19 Testing Dataset (Source: Official data
collated by Our World in Data [17])

Finally, information about COVID-19 testing, collected by Our World in Data [18], is published
as open data. The testing dataset is updated around twice a week. The dataset includes, for the
countries visible in Figure 3.1, a detailed description of how the country’s data is collected [17].
Some ancillary information, such as hand washing facilities (from the United Nations Statistics
Division) and hospital beds per 1,000 people (from many documented sources) are also available.

3.3.2 Reference Information

When information is communicated via a map, reference information provides context and
orientation. For a thematic map, reference is usually provided by a small set of layers, e.g. country
or state boundaries and their names. Depending on the scale, more (e.g. thematic map of a city) or
less (e.g. thematic map of the world) reference information can be provided. Other types of maps,
e.g. one that displays locations of health care services in a specific city or suburb requires much
more reference information, including such features as addresses, streets, public transportation and
landmarks. In some cases, an aerial photo or satellite image of the area can be useful. While data
discussed in other subsections can also be used as reference information on maps (e.g. the travel
network in 3.3.4), in this section we focus on base maps, imagery, place names and administrative
areas.

3.3.2.1 Base Maps

OpenStreetMap is a crowdsourced dataset to which a global community of mappers contributes
geospatial information and maintains it. OpenStreetMap was inspired by Wikipedia and started in
the UK in 2004 as an alternative to proprietary map data with restrictions on the availability and
use of data. It is maintained through an ecosystem of software, servers, tools, users, and contributors
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[8]. In many parts of the world, the quality, and specifically the completeness, of OpenStreetMap
data is as good as that of authoritative datasets, if not better [19], and if the quality is not good
enough, the OpenStreetMap ecosystem makes it very simple for anyone to add or improve the data.
In this context, OpenStreetMap has been used very successfully during disasters and humanitarian
initiatives, including the COVID-19 pandemic, where volunteers added data remotely in areas
where data are scarce or non-existent [20]. A large number of mapping tasks, e.g. including Peru
and Botswana, were published on the task manager of the Humanitarian OpenStreetMap Team
(HOT) during the COVID-19 pandemic. Volunteers from all over the world contributed map data
that could subsequently be used by health workers.

The OpenStreetMap ecosystem presents another advantage: a range of tools are available for
collection, maintenance, processing and visualization of data. OpenStreetMap is widely used as a
basemap in COVID-19 dashboards (see e.g. [21], [22], [23], [24]) and also on websites that show
emerging hotspots of infections (e.g. [25], [26]). Many of these sites were built with one of the tools
in the OpenStreetMap ecosystem, such as mapbox and Leaflet.

Wikimapia is another example of a crowdsourced map with global coverage, where anyone
can add geospatial features and annotate them. It was started in 2006 by two Russian Internet
entrepreneurs, inspired by Wikipedia. Wikimapia is open data, but it is derived largely from aerial
imagery provided by Google Maps. Copyright related to such derived data is sometimes unclear
and dependent on the area of jurisdiction (country or region). Some owners of aerial photography
provide licenses for the use of the data but retain the exclusive right to derive geospatial data from
it. While Google has not initiated any legal court battles over this, their terms and conditions
prohibit derivations without a license from Google [27].

Natural Earth is maintained by a community of volunteers, supported by the North American
Cartographic Information Society. In contrast to the previous two datasets, it also includes raster
data (e.g. for shaded relief and bathymetry), and some layers specifically useful for small scale maps,
e.g. graticules and geographic lines (polar circles, tropical circles, the equator and the International
Date Line). The data can be downloaded at scales of 1:10 m, 1:50 m, and 1:110 million, which is not
as detailed as OpenStreetMap and Wikimapia, but nevertheless suitable for maps of the world or
specific countries and regions. At the time of writing, the latest version (v4.1.0) was announced in
2018, therefore the data is also not as recent as the previous two datasets, however, at the available
scales, the data is not likely to change frequently [28].

3.3.2.2 Imagery

A rich dataset of free and open satellite imagery, with different spatial and temporal resolutions
and useful for studying different parameters, is available. Specific licenses depend on the agencies
which are providing the data. Formats also depend on the satellites and, in some cases, images
are available in more than one format. The best way for finding imagery is to browse portals (see
relevant examples in Table 3.2), which make this satellite imagery available and often also tools
for their basic processing [29].

TABLE 3.2
Portals with access to free and open satellite data
Portal URL
USGS Earth Explorer https://earthexplorer.usgs.gov
LANDVIEWER https://eos.com/landviewer/
COPERNICUS OPEN ACCESS HUB https://scihub.copernicus.eu
SENTINEL HUB http://apps.sentinel-hub.com/eo-browser, http:
//apps.sentinel-hub.com/sentinel-playground
NASA EARTHDATA SEARCH https://search.earthdata.nasa.gov
REMOTE PIXEL https://search.remotepixel.ca
INPE IMAGE CATALOG http://www.dgi.inpe.br/catalogo

Another interesting portal is that of OpenAerialMap [30], where one can find, apart from some
openly licensed satellite imagery, also imagery from unmanned aerial vehicles (UAVs). All imagery
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is made available through the Humanitarian OpenStreetMap Team’s Open Imagery Network (OIN)
Node. The images are available for tracing in OpenStreetMap.

3.3.2.3 Place Names

GeoNames is a global database of more than 25 million names for 11 million geographical features,
classified into nine categories (e.g. administrative areas, water features, parks, etc.), and further
classified into 645 different feature codes. At the time of writing, GeoNames included 4.8 million
populated places. GeoNames integrates data from various sources. The quality of the data depends
on the source that contributed the data, therefore a wiki interface allows users to improve the
quality by editing, correcting or adding new names through a wiki interface.

The GEOnet Names Server (GNS) is the official repository of standard spellings of geographic
names outside the United States, sanctioned by the United States Board on Geographic Names
(US BGN). At the time of writing, it included 12 million names for 7 million features, each feature
described by its feature class, location, administrative division, and quality. The data can be
downloaded as text files (per country or feature class or the entire dataset), or accessed through
web services [31]. For a global dataset, place names in the US and Antarctica can be added by
downloading them from the US BGN geographic names information system [32].

In the above sources features are represented by a point. These are useful as labels on maps
or to search for a place. However, sometimes boundaries (polygons) are needed. Quattroshapes
is a gazetteer of non-overlapping polygons, distinguishing it from gazetteers with simple point
geometries. The gazetteer is based on data from GeoNames, Yahoo GeoPlanet, Flickr geotagged
photos and EuroGeoGraphics [33].

3.3.2.4 Administrative Areas

Thematic maps show information about a specific theme, e.g. about COVID-19 infections. Such
information is often displayed per administrative area, such as country, state, province, city,
municipality, suburb or ward.

The World Bank publishes a dataset with administrative boundaries approved by the
organization. The dataset includes international (country) boundaries, disputed areas, coastlines
and lakes [34]. Sub-national boundaries for individual countries can be downloaded from the
Humanitarian Data Exchange of the United Nations Office for the Coordination of Humanitarian
Affairs (OCHA) [35].

For lower level administrative boundaries, GADM, a global dataset of administrative areas at
all levels of sub-division, is available [36]. The GADM project sourced data for many countries
from their national governments, from NGOs, and/or from maps and lists of names available on
the Internet (e.g. from Wikipedia) [37]. This dataset is convenient to use because it is available
as a single global layer, however, care should be taken, as it is not necessarily based on the latest
authoritative sources (the website provides limited information).

Administrative boundaries are also included in some other datasets, such as Natural Earth
and OpenStreetMap. Once again, care should be taken because these are not necessarily based on
authoritative sources.

3.3.3 Places Frequented by many People

Because COVID-19 is mainly transmitted through close physical contact and respiratory droplets,
places frequented by many people or where people are in close proximity to each other present
a higher risk of transmissions. A first indicator for areas containing places frequented by many
people would be data about settlement and population density. Locations of refugee camps are
another way of identifying places frequented by many people. They are typically densely populated
and have been identified to be COVID-19 vulnerable by the WHO. A list of refugee camps from
2014 is available in [38]. An online world map, as well as maps and statistics published as PDFs,
are available on the UNHCR operational portal for refugee situations [39]. However, despite our
extensive searches, including the UNHCR portal, we could not find downloadable location-based
data about refugee camps.
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Once areas with high settlement or population densities have been identified, data about specific
places frequented by many people in these areas are useful for risk management at a larger scale.
A plethora of different kinds of places could be relevant, ranging from supermarkets, restaurants,
shopping centres to fitness centres, stations, schools and universities. On maps and in geospatial
data, these are often referred to as points of interest.

While completeness of data in different countries and regions varies, OpenStreetMap includes
an extensive set of points of interest (close to 33 million points), each identified with the “amenity”
tag. At the time of writing, there were at least 71 different kinds of amenities in seven different
categories: sustenance, education, transportation, financial, healthcare, entertainment, arts &
culture, and others. Several tools and scripts are available for extracting points of interest from the
OpenStreetMap dataset [40]. Wikimapia is another crowdsourced geospatial dataset. At the time
of writing it included close to 24 million points of interest in 94 different categories [41].

Points of interest datasets are widely used, not only on maps, but also for a wide range of
location-based services, e.g. for reviewing or recommending points of interest. Studies specifically
about the quality of points of interest in OpenStreetMap and Wikimapia have not been conducted
at a global scale; they have however been included in studies about the quality of OpenStreetMap
generally. Barriers for assessing the quality of points of interest generally include the fact
that no reference datasets exist against which one can compare them (apart from comparing
OpenStreetMap to Wikimapia), they cannot be assessed against satellite imagery, which is possible
for many other kinds of features (e.g. building and roads), and ground truthing at a global scale
is just too expensive. Nevertheless, OpenStreetMap and Wikimapia are often the only available
open datasets for points of interest and therefore useful. The quality of individual classes of points
of interest, for which reference datasets exist, can however be assessed e.g. for transportation or
health facilities. See also sections 3.3.4 and 3.3.10 in this regard.

3.3.4 Travel Networks and Mobility

The official global reference dataset for transport networks is Global Roads, version 1 (gROADSv1),
based on the combination of the available, and topologically correct, road data at national level. The
common data model is that of the United Nations Spatial Data Infrastructure Service (UNSDI-T).
The data were collected, harmonized and homogenized over an extensive period of time, spanning
a few decades. This means that updating the data and spatial accuracy may vary greatly from
country to country [42].

The second dataset of interest is OpenStreetMap. The project was initiated specifically for
collecting data about streets, not only their geometry, but also any features related to transportation
networks. The main features related to travel networks are: arialways, aeroways, highways, public
transport, railways, routes and waterways. The many different typologies and the many attributes
used for the description of the features make this dataset an invaluable source of detailed
information [43].

Despite its heterogeneity in spatial and semantic distribution, the dataset is rich and accurate
in many developed regions [19], [44], [45] and richer than gROADSv1 in (at least some) developing
countries [46] compared OpenStreetMap against gROADSv1 in Tanzania, Uganda and Kenya,
finding that the former shows less roads in the ratio of 5.6, 6.5 and 2.5 respectively. Moreover, the
mean spatial accuracy is 35 m for OpenStreetMap and 600 m for gROADSv1.

About mobility, recently, data was made available by Google (open data) and Facebook (upon
agreement). Google trends [18] aim to provide insight into what has changed in response to policies
aimed at combating COVID-19. They are based on anonymized data collected by apps such as
Google Maps when the user turns on the Location History setting (which is off by default). Data
are not absolute values, but rather the changes in time referred to a baseline day, which is the
median value from the 5-week period between 3 January and 6 February 2020. Data are aggregated
per day (starting from 16 February) and per country (where available), and represent the change in
the number of visitors to specific types of location: grocery stores, pharmacies, parks, train stations,
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retail, recreation, and workplaces; and the duration in case of the residential category. Data per
region (second administrative level) is available at [47].

In response to the COVID-19 pandemic, Facebook launched an initiative within Facebook
Data for Good [48], and made available, for researchers and non-profit operators who have signed
data license agreements, different typologies of maps and geospatial data: co-location maps, trends
and staying at home maps, movement maps, network coverage maps and maps of the Social
Connectedness Index, which measures the strength of connectedness between two geographic areas
as measured by Facebook friendship ties.

Data are provided by Facebook as CSV files upon request, starting from the day of the request,
on a grid that follows the Bing Tile System [49]. For the spatial resolution, in principle, the smallest
allowed size guaranteeing privacy protections is Bing Tile Level 16, which is equivalent to roughly
600m near the equator, but the resolution of the requested dataset is computed on the base of
the time needed for its periodical update. The calculation of the movement data is much heavier,
from the computational point of view (cross matrix of calculations between all the panes) than
the population count, and this is the reason why the spatial resolution of the movement datasets
is coarser than that of the population density (see later section 3.3.7) and depends strongly on
the size of the area of interest. As examples, in the case of Italy and the Lombardy region within
Italy, pixel sizes are respectively about 7.5 km (Bing Tile Level 4 - 9.8 km at the equator) and 3.5
km (Bing Tile Level 5 - 4.9 km at the equator). Lombardy covers approximately 8% of the whole
Italian territory, with 16.7% of its population (mean density equal to 422 inhabitants/km?). The
temporal resolution is 8 hours.

Apart from the above, two datasets are available to everyone: the “Change in Movement” , which
compares the movement of people with respect to a baseline period; and the “Stay Put”, which
provides information on the fraction of the population that appears to stay within a small area
surrounding their home for an entire day. The Movement Range data is available as a CSV file only
for some countries. All the maps are based on data collected from Facebook users.

3.3.5 Global High-resolution Land Cover Maps

The anthropization of the environment (deforestation, habitat degradation and fragmentation,
intensification of agriculture and climate change) facilitates the passage of pathogens from animals
to humans. To study the extent of these effects, the basic maps to start from are land cover
maps. Thanks to the availability of open satellite images in ever increasing resolution, in recent
years we have witnessed the creation of various maps that can be a valuable tools for researchers
from different environmental disciplines. Some of these maps are multiclass, such as GlobeLand30
and FROM-GLC. Others represent specific elements of interest, such as urbanized areas (Global
Urban Footprint and Global Human Settlement Layer), water resources (Global Surface Water)
and forested areas (Forest/Non-Forest map and Global forest cover gain/loss). Some characteristics
of the land cover maps can be seen in Table 3.3.

Apart from these datasets, as for the other features of interest, OpenStreetMap can be a good
source of data. Specifically, in OpenStreetMap the detail of land use is reported. Therefore, from
the point of view of knowledge about an area, the information is also richer than basic land cover
data, even if the limitation is that it is not homogeneously distributed across the globe, because
the amount of data in an area depends on the activity and contributions of volunteers in that area.

3.3.6 Address Data

Addresses are essential for locating infected cases, to trace contacts after someone tests positive, to
accurately identify and respond to emerging clusters of COVID-19, and to determine households
at risk as a result of these clusters. Addresses are typically maintained by local authorities [50],
however, a global uniform open dataset facilitates the development of tools that can leverage
economies of scale. The Universal Postal Union (UPU) [51] supports countries to develop and
improve their addressing systems. The aim is to improve the coverage of addressing infrastructures
globally. However, the UPU does not publish open address data.
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TABLE 3.3

Global high-resolution land cover maps

Res(m) | Year(s) Producer
GlobeLand30 (GL30) 30 2000, 2010, National Geomatics Center of China
2020
FROM-GLC 30 2010, 2015, Tsinghua University
2017
Global Urban Footprint 12 2011 German Aerospace Center (DLR)
Global Human Settlement Layer (GHS 20 2016 Joint Research Center (JRC)
BUILT-UP GRID S1)
Global Surface Water 30 1984-2018, Joint Research Center (JRC)
every year
Forest/Non-Forest map 25 2007-2010, Japan Aerospace Exploration
2015-2017, Agency (JAXA)
every year
Global forest cover gain 30 2000-2012, Hansen/UMD/Google/
(one map for | USGS/NASA
the whole
period)
Global forest cover loss 30 2001-2019, Hansen/UMD/Google/
every year USGS/NASA

An alternative is the OpenAddresses.io initiative [52]. Data is collected from authorities all over
the world, integrated into a uniform data model, and made available for downloads. Data sources
can be added or improved through a GitHub site. In 2020, OpenAddresses consisted of more than
475 million addresses integrated from thousands of sources from all over the world. Figure 3.2 shows
the coverage on 4 October 2020.
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FIGURE 3.2
Global coverage of OpenAddresses.io on 4 October 2020 [52]

Addresses in OpenAddresses.io follow a rather restrictive data model, essentially comprising
a number, street, city, postcode, district, region, and an additional attribute called “unit” for
uniquely identifying different units at the same address. Each address has a unique identifier and a
coordinate associated with it. One can specify the type (e.g. industrial or residential) of the address
and add notes. The data model does not specifically cater for local variations, such as addresses
without street names or addresses requiring both a suburb and a city or municipality name [53].
Following an international data model, such as that specified in ISO 19160-1 [54], would resolve
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this. Apart from improving issues that arise when address data is converted from source model to
the OpenAddresses.io model, there are no quality checks on the address data per se, as this is the
responsibility of the authority from where the data is sourced.

Addresses in OpenStreetMap are tagged with “addr:housenumber”. Addresses can be a feature
on their own or they are associated with a building, site or other area. In some parts of
the world, address ranges are available, i.e. a line (called “way” in OpenStreetMap) tagged as
“addr:interpolation” runs parallel to the street. The start and end nodes of the line are tagged
with the numbers of the addresses closest to them. Address ranges do not provide individual
address records, but in the absence of other address data, such ranges are very useful for routing
and geocoding because the location of addresses with numbers between those at the start and end
nodes can be interpolated along the line. Early in October 2020, there were just over 106 million
“addr:housenumber” tags in OpenStreetMap, and close to 100 million fewer “addr:street” tags [55].
Challenges with the way in which addresses are represented in OpenStreetMap have been noted
and improvements have been proposed [56]. Address data can be extracted and downloaded in the
same way as any other OpenStreetMap data.

A single source of uniform address data across the world makes it possible to develop geocoding
tools and services that can be used anywhere in the world for locating infected patients and
their contacts. For example, a geocoding service based on OpenStreetMap data is available at
https://nominatim.openstreetmap.org. Some geocoding services, such as https://geocode.
earth/sources, are based on multiples data sources including OpenStreetMap and OpenAddresses.

3.3.7 Demographic Data

Demographics is a huge field, encompassing characteristics of the population in terms of population
density, age, gender, socio-economic, health conditions, presence of vulnerable population, lifestyle,
etc. General data sources, to be considered for our purposes, include open data published by the
World Bank [57] and the Organisation for Economic Co-operation and Development (OECD) [58].
In the former, data are available in various formats, with various temporal extensions, and there
is a special section related to COVID-19. The latter contains data of OECD countries and some
non-OECD economies. The temporal coverage consists of different years, depending on the specific
parameter under consideration; the most recent year is generally 2018.

Among the various characteristics of the population, the population age and its density were
considered by the authors as examples, because of their importance with respect to COVID-19:
the older population has more severe symptoms and density of the population is inversely related
with social or physical distancing required to combat the virus.

About age, classes for population ranges 0-14 [59]; 15-64 [60]; and above 65 [61], considering
male, female, total, absolute number and percentage per country were estimated by the World
Bank based on the World Bank’s total population and age/sex distributions of the United Nations
Population Division’s World Population Prospects: The 2019 Revision [62], [63]. The temporal
coverage is from 1960 to 2018. If interested in the population with a certain age or within a certain
age interval, these data can be found, for OECD countries and some non OECD economies, in the
OECD’s statistics. The temporal coverage is again from 1960 to 2018.

For population density, three global high resolution global datasets are available. The Gridded
Population of the World, most recent version is GPWv4.11 [64], is a set of raster layers with
the estimates of the count and density of people per 30 arc-second (around 1 km) grid cell for
each of the five years: 2000, 2005, 2010, 2015 and 2020, consistent with national censuses and
population registers. All estimates of population counts and population density have also been
nationally adjusted to population totals from the United Nation Population Division’s World
Population Prospects: The 2015 Revision [65]. Data is downloadable in ASCII (text), GeoTiff
and netCDF format. In addition, rasters are available for basic demographic characteristics (age
and sex), geographic characteristics (land and water areas) and data quality indicators [64].

An interesting dataset, even if limited for now to 169 countries, is provided by CIESIN and
the Connectivity Lab at Facebook [66]. The name of this dataset, computed for 2015, is the High
Resolution Settlement Layer (HRSL) and its resolution is of 1 arc-second (approximately 30 m).
The population estimates are based on recent census data and high-resolution (0.5 m) satellite
imagery from DigitalGlobe.
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The second global dataset is GHS_POP Global population grids at epochs 1975, 1990, 2000,
2015 and with resolution of 250 m, 1 km, 9 arcsec, 30 arcsec.

The third source of data is WorldPop [67]. Different datasets are provided, based on different
methodologies [68]. Data can be downloaded per country at a resolution of 3 and 30 arc-seconds
(approximately 100 m and 1 km at the equator, respectively).

The last dataset worth mentioning is a dynamic one and is available within the already
mentioned initiative of Facebook Data for Good. Data about population density (more precisely,
Facebook user density) has a temporal resolution of 8 hours and a spatial resolution varying on
the region of interest, following the same rule seen in section 3.3.4 for mobility data. In the case of
population density, the resolution is better because the time of computation for the updated data
is lower. Considering the previous examples, the pixel size is that of a tile at Bing Tile Level 5 for
Italy (around 3.5 km at the equator) and of Bing Tile Level 7 for Lombardy (around 1.2 km at the
equator).

3.3.8 Concentration of Air Pollutants

Air pollution is one of the world’s largest health and environmental problems. Even if there has been
a general decrease in air pollution in rich countries in comparison to the threatening concentration
of some decades ago, localised high values still remain in some areas, and in middle-income countries
the death rates due to air pollution are the highest. Moreover, persistent exposure to air pollution
weakens the respiratory system, creating a continuous irritation. There are two different typologies
of pollution: outdoor and indoor (household).

Global data about outdoor air pollution are generally available per country. An example is the
1990-2016 series of concentrations of particulate matter with a size of less than 2.5 pm (PM2.5)
and ozone (Os), downloadable from [69]. A remarkable source of global open data for monitoring
the temporal evolution of air quality is available in satellite data. Table 3.4 lists satellites, sensors
and relative spatial and temporal resolution.

TABLE 3.4
Satellites, sensors for air quality monitoring, spatial and temporal
resolutions (source: [70])

Satellite Sensor Spatial Temporal
resolution resolution

Aqua Atmospheric Infrared Sounder (AIRS) | 1°z1° daily, 8-day,
Level 2 and 3 products monthly

Terra and Aqua Moderate Resolution Imaging | 250 m, 500 m, | 1-2 days
Spectroradiometer (MODIS) 1 km

Terra Measurement of Pollution in the | 1°21° daily,
Troposphere (MOPITT) monthly

Aura Ozone Monitoring Instrument (OMI) 13 km x 24 km | daily

Suomi-NPP Ozone Mapping and Profiler Suite | 50 km x 50 km | 101 minutes,
(OMPS) daily

Sentinel 5-P TROPOspheric Monitoring | 7 km x 3.5 km | daily
Instrument (TROPOMI)

Suomi-NPP Visible Infrared Imaging Radiometer | 375-750 m 1-2 days

Suite (VIIRS)

The most recent satellite of this family is represented by Sentinel 5P, launched in 2017 by the
European Space Agency within the Copernicus Initiative. The onboard TROPOMI (TROPOspheric
Monitoring Instrument) spectrometer allows the monitoring of ozone (Os), methane (CHa),
formaldehyde (HCHO), aerosol, carbon monoxide (CO), Nitrogen dioxide (NO2) and Sulfur dioxide
(SO2). TROPOMI takes measurements every second covering an area of approximately 2600 km
wide and 7 km long in a resolution of 7 x 7 km. Data can be freely downloaded upon registration.
The first data were released in July 2018.

Using data from the Copernicus Sentinel-5P it was possible to analyse, for instance, the decline
of air pollution, specifically NO2 concentrations, in some areas of the world as a consequence of
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the lockdown that was implemented to prevent the spread of the coronavirus. The maps in Figure
3.3 show the NO3 concentration over Italy before and during the lockdown.
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FIGURE 3.3
Concentration of NO, over Italy before the lockdown (average value in January 2020) and during
the lockdown (average value from 9 March to 9 April 2020)

Indoor air pollution is caused mainly by the use of solid fuels for cooking. While indoor air
pollution has been on the decrease since the 1990s, 40% of the world population still does not
have access to clean air cooking fuels. Death rates from air pollution are highest in low-income
countries. A selection of indicators about indoor air pollution are available in visualizations (maps
and graphs), and also for download from [71]. Indicators are provided at the country level, and
were sourced from the World Bank and from the Global Health Data Exchange.

3.3.9 Water Sources

Referring to water and sanitation, indicators for the United Nations Sustainable Development Goal
(SDG) 6 are available, but again, at country scale. Maps, charts and data can be found on the
UN Water geoportal [72]. Figure 3.4 is an example, showing the proportion of the population in a
country using safely managed sanitation services.

The local alternative, as seen before, is to consider the features related to water available in
OpenStreetMap. By using overpass turbo (http://overpass-turbo.eu) and browsing to the area
of interest, the simple query:

node

[amenity=drinking_water]
({{bbox}});
Out;

allows us, i.e. to obtain the map and data corresponding to points where drinkable water is available.
The result of the query in a portion of Dar Es Salaam is shown in Figure 3.5.
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Proportion of population using safely managed sanitation services (Source: UN Water [73])
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FIGURE 3.5

Drinking water locations in a portion of Dar Es Salaam (Source: OpenStreetMap contributors [74])

3.3.10 Health Facilities

General data about the health condition of the population (again at country level) can be found
on the WHO website. The Global Health Observatory (GHO) [75] provides access to data and
analyses for over 30 health themes ranging from health systems to disease-specific themes, as well
as direct access to the full database. The same database archives data about the density of hospitals
per 100,000 people (district/rural hospitals, health centres, health posts, provincial hospitals,
specialized hospitals, hospitals as a whole), hospital beds (per 10,000 people), pharmacists, medical
doctors, nurses and midwives (both absolute number, per 10,000 people, and density for 1,000
people). Some of this data can also be downloaded in cartographic format from the already
mentioned website of the United Nations Statistics Division, in the “Healthcare Resources” section
of the portal.
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FIGURE 3.6
Location of health sites on 4 October 2020 (Source: HealthSites.io [76])
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FIGURE 3.7
Number of heath sites per type (on the left) and completeness of attributes (on the right) on 4
October 2020 (Source: HealthSites.io [76])

Unfortunately, none of these datasets have local data. If one requires data at such granularity,
the Global Healthsites Mapping Project [77], which is based on the OpenStreetMap data model, is
a good starting point for finding locations and contact details of health facilities (clinics, doctors,
hospitals, dentists, pharmacies, etc). It is a collaborative project and a long list of partners are
contributing based on a citizen science or VGI (volunteered geographic information) approach.
The Global Healthsites Mapping Project provides a domain specific view of OpenStreetMap data,
focusing on the needs of those working with health facility data. The Heathsites.io platform [76]
does not require users to be experts in the general OpenStreetMap data model and allows them
to be more focused specifically on the health domain, even if the same data can be accessed from
the general OpenStreetMap database and platform in various ways, e.g. with Overpass Turbo [78]
or via the QuickOSM QGIS plugin [79]. Currently, 820,244 health sites are mapped (Figure 3.6),
however, their descriptions are far from complete (Figure 3.7).
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FIGURE 3.8
Locations of health sites in Europe on 4 October 2020 (Source: Eurostat [80])

Another interesting source of data, unfortunately only for Europe, is shared by Eurostat [80].
The dataset, which will be improved progressively, integrates the location of European healthcare
services extracted from official national registers. By now it contains almost 15,000 features (Figure
3.8). When available, the capacity in terms of number of beds, rooms and practitioners and whether
the healthcare site provides emergency medical services is archived. The dataset is not homogeneous
neither in the level of detail nor in timeliness and update frequency. Nevertheless, it is well known
that “reliable pan-European geospatial datasets for EU institutions are required to further develop
GI capacities at EU level, and an important step in reducing inequalities across the EU” [81].

Global information about intensive care or ventilators is not available in any dataset. Similarly,
location-based information about capacity of (and places for) collecting and treating medical and
hazardous waste could not be found. To be precise, there is no data related to waste generally and
again, the only source, however quite fragmented, is OpenStreetMap [82].

3.4 Discussion and Conclusion

Our study shows that global open datasets are available for many aspects of risk management
before, during and after a pandemic. However, it is not always easy to find these datasets.
Some of them can only be found via a (geo)portal, which often makes them inaccessible to web
crawlers that search and index content for general purpose web search engines. Search engines
specifically developed for datasets, such as Google’s dataset search (https://datasetsearch.
research.google.com), which crawls and indexes metadata about datasets in schema.org format,
can improve the situation. Another challenge lies in finding the license terms and conditions for
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using open data. For some datasets that we discussed in this paper, the licensing information was
readily available and simple to understand (e.g. standardized Creative Commons licenses). For
others, we struggled to locate the licensing information or, when datasets are compiled from many
different sources, different licenses may apply to different parts of the dataset (see for example,
OpenAddresses.io).

The UN GGIM has identified a set of 14 global fundamental geospatial data themes, amongst
others, in support of the 2030 Sustainable Development Agenda and its 17 Sustainable Development
Goals (SDGs). These datasets are considered to be “the minimum primary sets of data that cannot
be derived from other data sets, and that are required to spatially represent phenomena, objects, or
themes important for the realisation of economic, social, and environmental benefits consistently”
[83]. There is considerable overlap between nine of the UN GGIM fundamental geospatial datasets
and the list of datasets that we identified as useful in the case of a global pandemic: Addresses,
Buildings & Settlements, Functional Areas (includes administrative areas), Geographical Names,
Land Cover & Land Use, Physical Infrastructure (includes schools and hospitals), Population
Distribution, Transport Networks and Water. The list of fundamental geospatial data themes
presents a foundation for global geospatial information management. As a next step, detailed
regional specifications are being developed. Eventually, these will lead to improved geospatial
information at the national level, which can then be integrated into global datasets.

The biggest concern with the global open datasets discussed in this chapter is that many of
them are not available with sufficient granularity. Fine-grained data is particularly critical in the
case of a global threat, such as the current pandemic. We live in a hyper-connected world and
therefore, while taking into account local differences, many challenges need to be addressed at a
global level. Therefore global analyses are required, based on data with much more detail than
currently provided (e.g. mostly by country). There is a definite and urgent need to move towards
providing high resolution global data.

Some government agencies are already moving in this direction, for example, ESA provides
satellite imagery globally down to 10 m resolution (Sentinel 2) as open data. This makes global
analyses possible that were previously unthinkable. Some private companies are also moving in
this direction. Consider, for example, the case of Facebook which, with the Facebook Data for
Good initiative, makes many dynamic data of interest for humanitarian purposes freely available
to nonprofits and universities that have signed data license agreements.

Another fundamental move towards fine-grained data is exhibited by the many initiatives related
to OpenStreetMap. OpenStreetMap has been confirmed as one of the most important geospatial
data projects in the last 20 years. The quality of OpenStreetMap data is often the subject to
criticism. However, the wider OpenStreetMap community, which includes other communities, such
as HOT, Missing Maps, Healthsites, Geochicas, etc., has equipped itself with tools and procedures
that allow a solid first validation of the data. For example, during the pandemic, HOT created
at least 199 projects covering approximately 124,000 km?, many of which had been mapped and
validated by the time of writing this chapter. It is in the communities’ own best interest to provide
the best possible data, not only because they will use their own data, but also because there is
awareness among volunteers that the data will be used for humanitarian purposes and therefore
the better it is, the more effective it can be. Many scientific publications have examined the quality
of OpenStreetMap data in various case studies. The results are generally comforting because where
OpenStreetMap communities are more developed and mature, the comparison with authoritative
data [84], [85], [86] is very favourable. Where OpenStreetMap data are scarce, it is often not possible
to make comparisons with reference data because these data simply do not exist or are not available
[46].

Academics have approached OpenStreetMap with slowness, gathering some momentum in
recent years, not only on aspects of general interest, that is the collaborative collection of data,
but also the educational perspective of such an experience. In 2014, the academic community
developed YouthMappers [88] to explicitly bring together and nurture the student communities
and their faculty that operate within and together with the broader set of OpenStreetMap
communities around youth-based identities. Founded by faculty from Texas Tech University, the
George Washington University, and West Virginia University, with support from the US Agency
for International Development’s GeoCenter, and now administered by Arizona State University,
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FIGURE 3.9
Locations of YouthMappers Chapters in October 2020 (Source: YouthMappers [87])

YouthMappers organize as chapters on university campuses, run by student leadership under the
guidance of university professor mentors. By October 2020, the network had grown (Figure 3.9) to
222 campus chapters in 50 countries, linking more than 5,000 OpenStreetMap students volunteers
[87]. YouthMappers’ motto is “We don’t just build maps. We build mappers”, emphasizing the
importance of mapping the world in order to get to know it better. This experience should, in
the opinion of the authors of the chapter, become the heritage of all schools and universities
because it would be an enrichment of global knowledge of the world and, at the same time,
an enrichment of the skills of young people. Governments should encourage and support these
initiatives, taking the advantage of having more detailed maps and more geographically aware
young citizens. University networks, such as the UN GGIM Academic Network, could become
sounding boards for the initiative itself and contribute both to its dissemination and to the design
and development of procedures for data assessment, which would therefore become the heritage of
all humanity.

Annex: List of datasets

The list of datasets is available at https://docs.google.com/spreadsheets/d/19amm6CbDOTOPObA8xcZ-
81itdCMa0PXSu30qUVuDQr4s/edit#gid=0.
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Remote Sensing and Computational Epidemiology

Mohammad Reza Mobasheri

Remote sensing techniques have been developed over the past five decades and formed
an important part of an interdisciplinary approach for many interdisciplinary science
including health, environment, disease monitoring, biodiversity, and determination of
habitat and ambient parameters. This new approach is based on the capability of looking
at multispectral views of the environment at multiple spatial and temporal scales. This
new interdisciplinary ideas of remote-sensing approach, have emerged for the detection,
evaluation, and mapping of factors affecting public health. Such applications have helped
to achieve considerable advancement in knowledge and insight for the environmental and
public health administrations to work together in teams. This synergy has enabled them to
ezxplore solutions to previously unsolved environmental issues and managerial problems.
Demand for talented researchers in remote sensing, GIS, and spatial modeling are
continuously increasing. This includes environmental scientists, conservation, monitoring,
and assessment experts. Perhaps it is not too much to hope that we can change our view of
life and justify our habits to prevent what has happened during pandemic COVID-19 again.
This book chapter is written with this hope in mind. Many scientists and resource managers
already recognized the importance of adopting an approach in prediction of epidemics and
pandemics before their occurrences.

4.1 Introduction

Remote sensing techniques have been developed over the past five decades and formed an important
part of an interdisciplinary approach for many sciences including health, environment, disease
monitoring, biodiversity, and determination of habitat and ambient parameters. The remote sensing
technology is based on the capability of looking at multispectral views of the environment at
multiple spatial and temporal scales. The information collected through this technology is readily
integrated with other forms of data, including a global positioning system (GPS), geographical
information system (GIS), and field observational data. This information is essential to prepare a
foundation for species-specific models to map the habitat of any creatures as small as a virus and
as large as an elephant. This may include testable predictions of their population dynamics and
the development of biodiversity indicators and species-environment characteristics.

Interdisciplinary remote sensing consists of concepts, methodology, technology, and innovation.
These elements when integrated may provide a unique opportunity to implement novel solutions
to the problems that exist at the leading edge of environmental science and management. These
problems are among the most complex issues of our time.

This interdisciplinary approach of remote-sensing has emerged for the detection, evaluation, and
mapping of factors affecting public health. Such applications have helped to achieve considerable
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advancement in knowledge and insight for the environmental and public health administrations,
enabling them to work together. This synergy has also enabled them to explore solutions to
previously unsolved environmental issues and managerial problems.

There are increasing belief and evidence that the health of human being and other species is
adversely affected by human activities and landscape change [1-3]. Perhaps it is not too much to
hope that we can change our view of life and justify our habits to prevent what has happened
during pandemic COVID-19 again.

Interdisciplinary researches to understanding the environmental factors for the insects to
be prepared for breeding and extraction of these factors from satellite images have shown the
power of remote sensing in monitoring environmental issues. Of course not sufficient mainstream
remote-sensing research texts have dealt with this emerging approach in detail to help the growing
collaboration among those specializing in remote sensing, health management, and ecosystem
scientists, in critical decision making and efforts on the ground. This book chapter is written with
this hope in mind. Many scientists and resource managers have already recognized the importance
of adopting an approach in prediction of epidemics and pandemics before their occurrences [4, 5],
and in parallel with this recognition, the use of remote sensing and GIS approaches have noticeably
increased [6, 7]. For example, research carried by Ahmadian et al. [4], regarding Malaria outbreak,
has proved the potential of remote sensing and GIS. A section of this chapter is assigned to this work.
Also, a section is assigned to Cholera epidemic prediction. Finally, an approach to the prediction
of COVID-19 epidemic occurrence using remote sensing and surface data is suggested.

4.2 Remote Sensing and Health

In what follows, remote sensing technology is discussed. This is followed by an explanation on how
this technology is related to the virus and some other vector disease.

4.2.1 What is a Virus?

A virus is a submicroscopic infectious agent that replicates itself only inside the living cells of an
organism. Viruses can infect all types of life forms, from animals and plants to microorganisms,
including bacteria and archaea [8]. Viruses are found in almost every ecosystem on Earth and are
the most numerous type of biological entity [9, 10]. When infected, a host cell is forced to rapidly
produce thousands of identical copies of the original virus. Most virus species have virions too small
to be seen with an optical microscope as they are one hundredth the size of most bacteria.

Viruses spread in many ways. One transmission pathway is through disease-bearing organisms
known as vectors: for example, viruses are often transmitted from plant to plant by insects that
feed on plant sap, such as aphids; and viruses in animals can be carried by blood-sucking insects
and vampire bats. The infectious dose required to produce infection in humans is less than 100
particles in Influenza viruses [11, 12] and to some extent in COVID-19. The variety of host cells
that a virus can infect is called its “host range”. This can be narrow or broad, meaning a virus is
capable of infecting only few species, or infecting many.

Viral infections in animals provoke an immune response that usually eliminates the infecting
virus. Immune responses can also be produced by vaccines, which confer an artificially acquired
immunity to the specific viral infection. Some viruses, including those that cause AIDS, HPV
infection, viral hepatitis, and COVID-19 evade these immune responses and result in chronic
infections.

4.2.2 How is a Virus related to Remote Sensing?

In this section, the relation between different respiratory diseases (including COVID-19) and
the atmospheric and environmental parameters that are investigated by different workers will be
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discussed. All these atmospheric and environmental parameters can be assessed by and extracted
from images acquired by different sensors on board of different satellites.

Many researchers have observed a connection between the occurrence of respiratory diseases
such as influenza (A and B) and COVID-19 and climatic parameters such as air temperature, air
moisture content, relative humidity, wind speed, and amount of precipitation [12, 13]. Although
the outbreak and epidemic, contagious on person to person, the weather conditions may play a key
role in making some regions potentially suitable for the virus to be activated (Ianevski et al. 2019).
This is the case for many other epidemic diseases such as Malaria and Cholera. In what follows, a
few of these researches will be introduced.

Peci et al. [13], claimed that the occasion of incidence of influenza increases during rainy seasons
in tropical climates and during the dry, cold months of winter in temperate climates. They found
that the seasonality of influenza A and B viruses is different in most temperate climates. A negative
association of both absolute humidity and temperature with influenza A and B viruses was observed.

Guo et al. [12] found an association between mean temperature, relative humidity (RH), and
the atmospheric pressure with influenza cases for children between 0-17 years old. They claimed
that the relative risks increase as the temperature falls below 20°C, RH lower than 50%, or higher
than 80%. Also, the risk of influenza increased with rising atmospheric pressure with 1,005 hPa
as the breakpoint. They found that the effect of coldness, humidity, dryness, high-pressure, and
low-pressure showed statistical significance both in females and males. The cold effect increases
with age while the humidity affected all ages of children, whereas, dryness mainly affects ages
4-14 years. High-pressure mainly affected the age of 0-3, whereas the low-pressure affects preschool
children aged 0-6 years old.

Tanevski et al. [14] investigated the effects of meteorological parameters such as temperature,
UV index, humidity, wind speed, atmospheric pressure, and precipitation (all acquirable by remote
sensing technique) on IV activity in Norway, Sweden, Finland, Estonia, Latvia, and Lithuania
during 2010-2018 in Influenza virus epidemics while considering the pace of global warming. They
deployed correlation and machine learning analysis techniques and found that low temperature and
UV radiation can preserve Influenza virus infectivity. The researchers believe that low temperature
and UV index were the most suitable predictive indexes among other meteorological factors in
Northern Europe. Of course, their in-vitro experiments confirmed that low temperature and UV
radiation preserved Influenza virus infectivity.

Most recently, Wang et al. [15] have researched the ongoing global pandemic of COVID-19.
Their aim was to predict the effect of the upcoming summer in the northern hemisphere and
expected to have a reduction of the transmission intensity of COVID-19 with increasing humidity
and temperature. They used data from the cases with symptom-onset dates from January 19
to February 10, 2020, for 100 Chinese cities, and cases with confirmed dates from March 15 to
April 25 for 1,005 U.S. counties. The relationship between the transmissibility of COVID-19 and
the temperature/humidity was assessed. They found a similar influence of the temperature and
relative humidity on effective reproductive number (R values) of COVID-19 for both China and
the U.S. before lockdown in both countries. There was the reduction of reproduction by increasing
temperature and humidity. This reduction of transmission was not further continued until July
when the temperature and humidity had risen.

In an unpublished work of Xu et al. [16], the impact of environmental factors including
pollution contaminants on COVID-19 transmission was investigated. They studied the relative
risk of COVID-19 due to weather conditions and ambient air pollution. In this work, the daily
reproduction at 3,739 global locations was controlled for the delay between infection and detection.
After that they associated these with local weather conditions and ambient air pollution. They
observed a negative relationship between the estimated reproduction number and temperatures
above 25°C, and a U-shaped relationship with outdoor ultraviolet exposure, with a weaker positive
association with air pressure, wind speed, precipitation, diurnal temperature, SO2, and ozone.

This was followed by a projection of the relative risk of COVID-19 transmission due to
environmental factors in 1,072 global cities. The findings showed that warmer temperature and
moderate outdoor ultraviolet exposure may offer a modest reduction in transmission.

Scafetta [17] investigated about COVID-19 and its possible relation to specific weather
conditions. The findings showed that the 2020 winter weather in the region of Wuhan (Hubei,
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Central China) — where the virus first showed up in December 2019 and spread widely from January
to February 2020 was very similar to that of the Northern Italian provinces of Milan, Brescia, and
Bergamo, where the pandemic has been very severe from February to March 2020. According to
this study such similarity may suggest the worsening of the pandemic under weather temperatures
between 4°C and 11°C. Based on this result, Scafetta [17] prepared maps of world-specific
isotherm to locate, month by month, the world regions that share similar temperature ranges. The
analysis showed that this isotherm zone extended mostly from Central China toward Iran, Turkey,
West-Mediterranean Europe (Italy, Spain, and France) up to the United State of America from
January to March 2020, and coinciding with the geographic regions most affected by the pandemic
in the same period. He predicted that in Autumn of the Northern hemisphere, the pandemic could
return and affect the same regions again. Scafetta [17] believes that the Tropical Zone and the entire
Southern Hemisphere, but in restricted southern regions, could avoid a strong pandemic because
of the sufficiently warm weather during the entire year.

In a study, Njifon et al. [18] investigated the role of meteorological parameters in the seasonality
of influenza viruses in tropical and subtropical regions particularly in Northern Cameroon, a region
characterized by high temperatures. The researchers focused on the effect of temperature, humidity,
and rainfall from January 2014 to December 2016. Their results and conclusion analysis showed
that there was a statistically profound association between overall influenza activity and influenza
A activity for average relative humidity. They noticed a lag between humidity rise and Influenza
activity where a unit increase in humidity within a given month leads to more than 85% rise in
overall influenza and influenza A activity two months later. However, they believed that none of
the three meteorological variables could explain the influenza B activity.

Besides the dependence of Influenza and COVID-19 to the weather parameters, there are other
vector-borne diseases such as Malaria, Cholera, Ebola, and Dengue that all proved to be dependent
on some weather parameters and environmental conditions. Ahmadian et al. [4], conducted a
research for the determination of high potential region for Malaria outbreak using satellite images.
The findings of this research showed that the insect begins breeding when the temperature is
between 25C and 35°C, relative humidity between 50 to 80%, presence of vegetation cover, and
presence of water pools. All these factors were supplied using Landsat images and overlaid to find
the risk potential area. The results were compared with the number of registered patients in all
sentinels around within the study area. Details of the methodology are presented in the following
section.

4.3 Remote Sensing Methods to Predict Health-related Outbreaks

This section is assigned to the remote sensing methods by which disease epidemic and outbreaks
regions can be predicted. Numerous research has so far been conducted to predict time and regions
where a disease outbreak or epidemic occurs.

4.3.1 Malaria Case Study

Based on WHO [19], in 2017, an estimated 219 million cases of malaria occurred worldwide,
compared with 239 million cases in 2010 and 217 million cases in 2016. Although there were
an estimated 20 million fewer malaria cases in 2017 than in 2010, data for the period 2015-2017
highlight that no significant progress in reducing global malaria cases was made in this time frame.
Most malaria cases in 2017 were in the WHO African Region (200 million or 92%), followed by the
WHO South-East Asia Region with 5% of the cases and the WHO Eastern Mediterranean Region
with 2%.

Malaria is an infectious disease that is being transferred by the female mosquito of the species
Anopheles. Out of four malaria parasites responsible for disease outbreak, Plasmodium falciparum
is the most important one. The life cycle of the malaria parasite develops in the anopheline and in
the human body [20, 21].
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These parasites require suitable environmental parameters to complete their development cycle
within the mosquito. These parameters are temperature, humidity, vegetation, and water [4]. The
cycle begins when the anopheline sucks human blood usually during the night time. After two to
three days the mosquito starts breeding. The breeding sites are usually water, preferably swamps or
slow-flowing water bodies. In the dry and semi-dry regions, these water bodies can appear after the
occurrence of heavy seasonal rain in the region. Depending on the parasite species and availability
of suitable humidity and air temperature, it takes 8 to 30 days for the parasite to develop in the
mosquito after which the parasitic will be ready to transmit to humans through mosquito stings.

The influence of the temperature on the feeding behavior of the mosquito, its survival, and the
length of the cycle that the parasite needs to develop in the mosquito before it can be infective to
humans is immense. For instance, the main mosquito species responsible for Plasmodium falciparum
infections feed every second day at 25°C and every third day at lower temperatures [21].

The chance of mosquito survival is low at extreme temperatures i.e. the temperatures below
5°C and temperatures above 40°C (in some reports 35°C) are deadly for the mosquito. In this
regard, the optimum mosquito survival chance is found at 32°C [21].

The environmental vulnerability of the disease is mainly determined by the effects that climatic
factors can have on the abundance of malaria vectors. The population of vectors depends critically
upon elements of the weather and land-use all achievable using remote sensing data [22-24]. Then
epidemiological and demographic models can be deployed to relate these data to estimate the
distribution of humans and parasites at a high spatial resolution [22]. Such models can in turn help
in providing an empirical basis for defining the disease burden of polyparasitism and the potential
health impact of removing or reducing disease risk.

In summary, a temperature range of 25°C to 35°C and a relative humidity range of 50 to 80
percent is suitable for developing malaria outbreaks. In a study conducted by Ahmadian et al. [4],
a methodology for extracting temperature, humidity, water bodies, and vegetated area all from
satellite images is presented and details of which are as follows.

4.3.2 Materials and Methods

In the work of Ahmadian et al. [4], when needed, weather data collected in nearby synoptic stations
were used as ground truth. Also the synoptic station reports were used to select the proper satellite
images after raining occurrence. Analysis of the weather stability and visibility for estimation of
the severity of the atmospheric effects on the satellite images were two other important aspects of
using weather data.

The Satellite images used in this work were selected upon these criteria:

e The image should contain regions where the malaria outbreaks occur

e The image should contain regions where a considerable amount of raining has happened in one
to a few days before the date of image acquisition

e The visibility in the regions covered by the image scene should be greater than 10 kilometers
e The region should contain a minimum amount of cloud cover

e The image acquisition date should be between August to November and between February to
May when most of the raining in the region happens

e The sensors having thermal bands were used for LST calculation
e The availability of malaria statistics for the period of the study

Taking all these conditions into account, only Landsat and ASTER images were found suitable
where the former images were available. Out of five Landsat images from November 2000 to August
2005, the image of April 19, 2003 was found the most suitable one for this study. Noting that all
Landsat images with acquisition dates beyond April 2003 were defected due to the malfunctioning
of the TETM+ Scan Line Corrector [22, 25].

Geo-referencing, Radiometric calibration (Atmospheric corrections), and DN to radiance and
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then reflectance conversion for the visible and SWIR and DN to radiance for thermal bands were
the processing steps that were taken. These images were used for producing the following products.

4.3.3 Study area

The study area was two districts located in the south of Iran right at the north of Hormuz straight
in the Persian Gulf (Figure 4.1). The two districts are Minab and Kahnooj. Minab is situated
between 26, 7’N and 27, 26’N and 56, 48’E and 57, 50’E with an altitude of 27m from mean sea
level and approximately 104 kilometers from the Persian Gulf. Kahnooj on the other hand is located
between 27, 50’N and 28, 59’N and 56, 45’E to 57, 53’E with an altitude of 469m from mean sea
level approximately 330 kilometers inland. The malaria outbreaks data for these two districts were
collected from the related Health and Hygiene Bureau (Table 4.1).

TABLE 4.1
Number of affected people in monthly malaria outbreaks for the period of
2003-2004
Month Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Minab 3 17 27 15 6 380 1020 339 95 17 1 8
Kahnooj 13 40 23 45 35 20 11 28 5 0 4 4
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FIGURE 4.1

Location of the study area

4.3.4 Malaria Distribution Maps for Incidence Factors

Usually, three indices of Prevalence, API, and Incidence are being used in malaria outbreak
investigations where the Incidence index is used in this research. The reason for this selection
is the short duration required for the calculation of this index [4]. This index can be calculated
using equation (4.1):

Incidence =

x k (4.1)

month

where M is the number of positive cases in a few months, P is the average population in the region
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for those months, and k is a scale factor equal to 1,000. Table 4.2 shows the health centers, region
population, and calculated Incidence index for Minab and Kahnooj region respectively.

TABLE 4.2
Health centers, region population, and calculated Incidence index for
Minab (left) and Kahnooj (right)

Health 2003 Incidence Health 2003 Incidence
Center Population | April to June Center Population | April to June
Darpahn 6,702 0.149 City Zone 1 12,452 2.811
Sandark 13,429 0.074 City Zone 2 11,677 2.569
Sareni 11,481 0 City Zone 3 13,048 0.077
Hashtbandi 11,481 0.087 Sahlavar 5,340 0.187
Karian 13,665 0.073 Chah Morid 5,217 0.575
Banzark 25,190 0.198 Hoorani 16,455 0.425
Sirik 12,439 0.241 Faryab 11,631 2.493
Bemani 21,450 0 Dehpish 5,065 0.395
Hakami 14,305 0.070
Tiab 10,787 0.185
Haj Khademi 64,807 0.015
Minab City 62,652 0.303

4.4 Vegetated Area Mapping

To map the vegetated area in the images, usually vegetation indices such as Normalized Difference
Vegetation Index (NDVI), Simple Ratio (SR), and Enhanced Vegetation Index (EVI) or modified
version of them is being used. The index used in this work was NDVI where the threshold value
of 0.2 was used. This threshold was tested using ground data and other vegetation indices. A
detailed discussion regarding uncertainties involved with this threshold value will be presented in
the discussion and analysis section. The NDVI index takes advantage of the red edge effect in the
vegetation spectral reflectance curve i.e. low reflectance in the red Pr and very high reflectance in
near-infrared Onir. The reflectance difference in these two spectral bands can be normalized to 1
using the following equation:

NDV] =P (4.2)
PNir t+ Pr
NDVI varies between -1 and +1 where its value for vegetated pixels is generally greater than
0.2, with values exceeding 0.65 indicating dense vegetation. Taking a flying range of mosquitoes
into account a two kilometers distance around any vegetated point is considered.

4.5 Water Body Mapping

There are different methods and approaches for mapping patches of water bodies in the scenes
where Normalized Difference Water Index (NDWI) and Tasselled Cap Transformation (TC) are
two appropriate ones. Using field data, they found TC more appropriate for this work. This
transformation takes advantage of 6 bands of TETM+ sensor and is of the form [26]:
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CH1
Brightness bl b2 b3 b4 b5 BT CH2
CH3

Greenness | = |gl g2 g3 g4 g5 47| x (4.3)
Wet 1 2 3 4 5 7 CH4
etness wl w2 w3 wd wh w CHS
CH7

where CH1 to CHT stands for reflectance in bands 1 to 7 (excluding band 6 which is thermal). bi,
gi, and wi are coefficients of transformation for brightness, greenness, and wetness respectively, and
are shown in Table 4.3.

TABLE 4.3

Tasseled cap transformation coefficients for TETM+

sensor
Bands 1 2 3 4 5 7
bi 0.3561  0.3972 0.3904 0.6966 0.2286  0.1596
gi -0.3344 -0.3544 -0.4556 0.6966 -0.0242 -0.2630

wi 0.2626  0.2144 0.0926 0.0656 -0.7629  0.5388

For the regions containing patches of the water body, wetness takes a value of greater than
-0.0710. Applying this threshold to the image and again taking 2 kilometers flight zone for the
mosquitoes around water bodies, figures 8 and 9 for Minab and Kahnooj were produced respectively.
The detected water bodies in the Kahnooj image were as small as a pixel and consequently cannot
be detected visually in the figure.

4.6 Land Surface Temperature

To calculate LST, the following equation suggested by the Landsat team is used:
ko

where R. is the corrected spectral flux density that reaches the sensor (W/m?/um), exg is the

surface narrow-band emissivity, k1 and ko are constants equal to 666.09 (Kelvin) and 1282.71

(W/m?/um) respectively [27]. Applying equation (4.4) to the channel 6 radiance image, the surface
temperature for Minab and Kahnooj was calculated.

T, = (4.4)

4.7 Air Temperature

To calculate air temperature, the Surface Energy Balance Algorithm for Land (SEBAL) is used [28].
This algorithm consists of 25 modules where a combination of empirical formulas, synoptic data
from nearby weather stations, and image extracted data (such as surface temperature) are being
processed in these modules. Detail of this algorithm can be found in [28]. The SEBAL algorithm
output maps for air temperature for Minab and Kahnooj are shown while the temperature range
of 25°C to 35°C is imposed on the image (Figure 4.2). It can be seen that except in very small
areas, the other parts of the region have temperature within the 25°C to 35°C zone.
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FIGURE 4.2
Satellite extracted maps of air temperature between 25°C and 35°C for Minab (left) and Kahnooj
(right)

4.8 Relative Humidity

Using the calculated air temperature image in the previous step one can calculate the saturated
partial water vapor pressure using the following equation [4]:
es = 6.1121 x exp[(17.502 x T,)(240.97 + Ta)_l] (4.5)

where es is saturated partial water vapor pressure in millibar and T, is the air temperature in
degrees of Celsius. Then using partial vapor pressure e calculated from measured synoptic station
data and assuming negligible horizontal gradient in e for the time of image acquisition, the relative
humidity RH in the selected scene can be calculated using equation (4.6) below:

RH = e x 100 (4.6)
They produced maps of relative humidity (for 50% to 80% range).

4.9 Results and Analysis

Now all maps of parameters necessary for high-risk region determination are prepared. Since these
parameters do not affect the mosquito’s survival equally, then a simple overlying of these layers
of information would not be appropriate and parameters such as temperature, humidity, water
body, and vegetation must have different weighting coefficients. An unpublished work of suggested
weighing coefficients of 0.35, 0.25, 0.25, and 0.15 for temperature, humidity, water body, and
vegetation respectively. Having overlaid these layers using appropriate weighing coefficients, the
resulted high-risk map is shown in Figure 4.3 where number 10 shows the highest risk.

Combining the incidence indices (Section 4.3.4) and Figure 4.3 helps compare between different
calculated risk regions and calculated incidence index using field data (Figure 4.4). As can be seen,
the highest risk regions can only be found in Minab. This degree of risk cannot be seen in Kahnooj
mostly due to the lack of suitable humidity conditions.
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FIGURE 4.3
High-risk maps of Minab (left) and Kahnooj (right). Higher numbers represent higher risk regions
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FIGURE 4.4
Comparison of different calculated risk regions (Figure 4.3) and calculated incidence index using
field data. The zeros in the image are due to the lack of information for those regions.

4.10 Discussion

There are sources of uncertainties with the extraction of any layers of information from satellite
images. The amount of uncertainties compared to the field data differ for different parameters. The
uncertainties are due to the unknown surface emissivity values for LST extraction of up to 2°C,
uncertainties in relative humidity of up to 3% due to the assumption of uniformity for partial vapor
pressure throughout the sub-scene, and the uncertainty in the air temperature. The uncertainties
in vegetation and water bodies mapping are of the second order of importance because these
uncertainties can be included in the 2 kilometers flying zone already considered in the maps. Adding
the uncertainties in LST and relative humidity to the lower and upper limits of temperature and
humidity, the effect found was a small expansion around the potential area. Since this research aimed
to show the high-risk potential area to the local manager for deputing mosquitoes exterminating
group to these regions, a few meters away from the high-risk region will not make much difference.

It is found that one can predict the malaria outbreak by extracting environmental parameters
necessary for mosquito’s parasite life cycle. These parameters were temperature (25°C to 35°C),
relative humidity (50% to 80%), patches of water, and vegetation covers. Regarding 10 degrees
in temperature range and 30% in humidity range, as well as 2 kilometers flying zone for the
mosquito, any intrinsic uncertainties in the extraction of these parameters from satellite images
due to their resolutions and intervening atmosphere - which were the sources of concern for
many satellite approaches - did not affect the results seriously. A weighed overlying of the
four layers of information i.e. air temperature, relative humidity, patches of water bodies, and
vegetated area showed acceptable agreements with the field-collected data. Of course, there are
still some uncertainties involved with the weighing coefficients for these layers which call for further
investigation. Also, there are other parameters such as shadows, manmade pools, pots of water,
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and many other factors that may help and affect the outbreaks which each must be considered
separately. However, the satellite ability in the detection of high-risk potential regions may provide
non-expensive information on a routine basis not only in malaria but for other epidemics as well,
where studies in those areas are the aims of these authors.

4.11 Cholera Case Study

Vibrio Cholerae (VC), a bacterium autochthonous to the aquatic environment, is the agent
causing Cholera, a severe aquatic, life-threatening diarrheal disease occurring mostly in developing
countries. VC has many different types of serogroups, only two of which can cause epidemic cholera.
Those two serogroups are called serogroups O1 and serogroups 0139 (0139 is found only in Asia)
and can cause epidemic cholera if they also produce the cholera toxin. VC, including both serogroups
O1 and 0139, is found in association with crustacean zooplankton, mainly copepods, and notably
in ponds, rivers, estuarine, and coastal region globally. Cholera bacteria attach to zooplanktons
(copepods), form thin biofilms in the brackish water especially in coastal regions. Since copepods
feed on phytoplankton, the proliferation of phytoplankton increases the number of cholera bacteria.
(Shafiqul Islam), a member of an interdisciplinary research team from Tufts University and National
Oceanic and Atmospheric Administration, US. The incidence of cholera and the occurrence of
pathogenic VC strains with zooplankton were studied in many areas.

If one can measure the density of chlorophyll and track the blooming of phytoplankton, the
prediction of Cholera outbreak (mostly in endemic regions) seems possible. The satellite data on
chlorophyll concentration could be used to routinely monitor coastal processes and track cholera
outbreaks. The privilege of using satellite data is its suitable spatial and temporal coverage as well
as low expenses.

Rahimi-Doab [5] conducted research on Cholera endemic regions. He claimed that the bloom
or the flowering of phytoplankton, and as a result, the flourishing of the zooplankton and feeding
are closely correlated with the temperature at the sea surface (SST). The SST can be continuously
monitored through thermal channels of satellite sensors. By monitoring SST and measuring the
seawater chlorophyll as a sign of plankton flourishing and knowing the amount of rainfall as an
agent for the transfer of micronutrient materials from shore to sea, Rahimi-Doab (2018) could
predict the disease outbreak one month in advance. However, the disease has its trend in each
region and the peak of the disease in each region was different in terms of time and number of
patients. This requires calibrating the suggested model for each region. In Rahimi-Doab’s [5] work,
the statistical analysis of the log-linear Poisson Generalized Linear Model (GLM) was used to
predict the appropriate time for the growth of VC in the sea and its subsequent outbreak. For this
purpose, the effects of three environmental factors i.e. SST, chlorophyll concentration of seawater
extracted from the products of MODIS onboard of Aqua platform, and the rainfall data supplied
by TRMM satellite, were all taken as independent variables and investigated. The case study region
was the 2011 outbreak in Benin, Africa and the results showed that these factors were correlated
to the disease outbreak in that endemic region.

Finally, the model was applied to the outbreak cases in the southern coastal regions of Iran. The
model could predict the occurrence of the outbreak, one month in advance. Although the output of
the model tells us the number of patients however, this number depends on the suitability of each
of the three environmental factors, which are included as independent variables in the model.

4.12 Conclusions

The two aforementioned case studies showed that the environmental factors and parameters are
playing a key role in the occurrence of outbreak and/or epidemic in many cases. This includes
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vector-borne diseases as well as viruses including COVID-19. All these environmental parameters
are acquirable from satellite images. As mentioned in previous sections, COVID-19 and other
similar viruses have shown some dependencies on some environmental parameters but, the main
issue in these kinds of epidemics is the behavior of the patients affected or those who carry the
viruses and spread it in the ambient. Our preliminary studies show that we might be able to classify
different parts of the city based on the temperature, humidity, wind speed and direction, surface
cover, height, and air pressure, and some other factors and compare these classes with the results
of the affected people’s population in those regions. The equation that could be the basis of this
investigation can be of the form of equation (4.7):

COVID — CF = f(Ta, LST,RH, P,Vs,Vd, SC, H) (4.7)

Where COVID — CF,Ta, LST,RH, P,Vs,Vd,SC, and H are COVID-19 Contagious Factor, air
temperature at 2m height, Land Surface Temperature, Relative Humidity, air pressure, wind speed,
wind direction, Surface Cover, and Height of the land on that region, respectively.

The work which is currently undergoing showed the dependence of the Influenza and to some
extent COVID-19 outbreaks to the air temperature, humidity, wind speed and direction, and density
of the population. The results, which will be published separately, may help to highlight the hotspots
and inform the people regularly.
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The Potential of Drone Technology in Pandemics

David R. Green, Alex R. Karachok and Billy J. Gregory

In recent years, drones or Unmanned Airborne Vehicles (UAVs) have become associated
with aerial data and image acquisition for many environmental applications. Unexpectedly,
the COVID-19 pandemic in 2020 has led to new opportunities for drones in many new
application areas, with and without the use of remote sensing imaging technology. Many
unique applications have already been proposed within a short period of time, some building
on existing pre-COVID-19 demonstrations and ideas, to exploring new possibilities for
use. Whilst drone technology is well-established, there are still factors requiring further
investigation to fully exploit drones. These include: allocation, management and control of
drone air space, operation Beyond Visual Line of Sight (BVLOS), the role of existing and
new telecommunication networks, safe operation in built-up areas, and societal approval
and acceptance. This chapter presents an overview of current drone technology and future
developments and the exploration of some existing and proposed applications. The chapter
will examine the issues facing successful mainstream implementation of the use of drones
for these applications, and the problems that need to be overcome to allow this technology
to mature and become mainstream.

5.1 Introduction

Drones or UAVs first became popular about six years ago when Parrot, 3DR, and DJI began to
market their off-the-shelf platforms to the public. Categorised mainly as ‘toys’ at first these low-cost
multi-rotor aircraft rapidly became very popular for recreational flying. Their widespread appeal
soon grew as they became easier to fly and could carry small cameras. The addition of GoPro
Hero cameras and DJI Zenmuse gimbals helped to facilitate and reveal the potential of these small
airborne platforms and sensors for aerial photography and videography.

Although the future potential of drones for applications outside remote sensing and the derived
photogrammetric and visualisation products we have become so familiar with were already under
consideration prior to COVID-19, the widespread impact of the pandemic has triggered a rapid
escalation in interest in the role of drone technology. Already the COVID-19 pandemic has provided
a new opportunity to explore the potential role of drones in other application areas, both with
and without the use of remote sensing technology. Many unique applications have already been
proposed within a short period of time, some capitalising on existing demonstrations and ideas, to
those exploring new possibilities.

Two streams of application have been considered: (1) delivering essential goods and services,
and (2) battling the spread of coronavirus. Some examples already under development and testing
include: the delivery of parcels, medical supplies, and information e.g. broadcasts; personal, health
and environmental monitoring, enforcing social distancing, mapping, and spraying to disinfect.
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Whilst drone technology is already well-established, there are still many factors that currently
require further investigation to allow this proposed potential to be fully exploited. These include the
allocation, management and control of drone air space, operation Beyond the Visual Line of Sight
(BVLOS), the use of new telecommunications networks, safe operation considerations in built-up
areas, as well as social acceptance. With this context in mind some of the existing and proposed
applications that are either already under development or being developed will be explored. This
will include an overview of current drone technology and future developments. The chapter will
then look at the issues facing successful implementation of the use of drones for these applications,
and the problems that need to be overcome to allow this technology to become mainstream in the
future.

5.2 Developments in Drone Technology

Today there are a wide range of UAV and drone platforms which include multi-rotors (quadcopter
(4), hexacopter (6), and octacopter (8)), fixed wing, and Vertical Takeoff and Landing (VTOLs). In
addition, some small-scale helicopters have also been used for remote sensing. High quality gimbals
now support a wide range of DSLR cameras of varying different sizes, and additional camera-based
sensors, such as NIR and NDVI cameras. Larger cameras and sensors can be carried by bigger
drones with the required lift and battery capacity.

There are now many more options for sensors that can be mounted on small aerial platforms.
Whilst RGB cameras are generally still in widespread common use, the demand for other sensors,
both non-imaging and imaging, and low-cost, higher resolution systems has seen many other types
of cameras/sensors become available. These include modified GoPro cameras and similar types of
miniaturised cameras that can be filtered to sense the Near Infrared (NIR) and other portions of the
Electromagnetic Spectrum (EMS). Examples include the range marketed by MaplIR [1] and IR-Pro
in the USA. Alongside these have been developments in small multi-spectral sensors specifically
aimed at agricultural, horticultural crop and forest canopy monitoring. The Parrot Sequoia 5-band
multi-spectral camera is one such example [2]. A larger version of this sensor, is the MicaSense
RedEdge [3]. These provide the opportunity to acquire five (5) bands of imagery, and also to
generate NDVI images. Other companies such as Sentera (www.sentera.com) also provide NDVI
cameras based on different spectral wavelengths.

More advanced sensors are now also available to take greater advantage of the information
content of the electromagnetic spectrum including thermal, hyperspectral, and Lidar instruments.
Many drone manufacturers offer thermal camera-ready platforms with either their own thermal
cameras e.g. Yuneec [4] and DJI [5] or ones made by a thermal camera manufacturer e.g. FLIR.
Hyperspectral cameras are available for drones from a number of different manufacturers e.g.
Headwall [6]. These can be useful in many applications because of the number of wavelengths that
can be sensed (e.g. up to 255 channels) greatly increasing the dimensionality of the spectral dataset
and resulting in the potential acquisition of more information of interest. These are expensive, often
need specialist aerial platforms, and require more training to use and to extract the information.
Another common sensor is Lidar (both terrestrial and bathymetric versions) which can be mounted
on a number of specialist UAV platforms e.g. Riegl [7]. Terrestrial lidar has the potential to see
through a vegetation canopy. Bathymetric lidar sensors can be mounted on small aerial platforms
and have the capability to generate depth information in water 20-40m deep providing the water is
clear and not too turbulent e.g. Riegl’s Bathycopter [8]. These also have the capability to generate
3D information of underwater surfaces.

Radar systems have also been integrated into large UAV systems for navigation and image
acquisition. More recently, studies have revealed success with the development of small, low-cost,
high-resolution radar systems specifically designed for operation on small unmanned aerial vehicles
[9-11].

In a very short period of time, drone technology has evolved from being quite basic to
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very advanced and increasingly customised for specific environmental applications. Several key
developments in the technology have facilitated this transformation.

One of the major constraints of early platforms was the available battery technology. Early
batteries provided a limited power source often only giving 6-8 minutes of flight time. This was
not a major drawback for short recreational flights, but when including considerations such as
operation in colder air, wind strength, and take-off, return to home, and landing requirements,
the actual flight duration time was reduced quite considerably. Within a few years, however, these
basic batteries have evolved into smart batteries that not only provide longer flight times e.g.
20-25 minutes, but also supply information to the controller and operator about battery status and
remaining flight time. Within a few years these batteries have also become more compact and the
average flight time has now increased to around 30 minutes. Considerable effort is now being put
into improving the quality and battery life, as well as the development of new types of batteries
[12], especially for multi-rotors. Fixed-wing aircraft by contrast typically already have longer flight
times, ranging from 45 to 55 minutes, as they are lighter and offer less resistance in flight, making
them more suitable for larger area coverage.

Early UAVs were usually flown manually by the pilot, often without an First Person View
(FPV) device, and stereo-imagery was acquired through skilled flying by the drone pilot where
overlapping flight-lines were visually assessed to provide the required stereo-imagery for generating
photo-mosaics and 3D models. Today sophisticated phone and tablet Apps for both Android and
iPhone operating systems, either provided by the drone companies (e.g. DJI Go4) or third party
companies (e.g. Litchi [13], and Pix4D [14]), allow for varying levels of autonomous flight to be
planned and executed. The phone and tablet Apps now available allow for either very basic simple
autonomous flight (Litchi) or more sophisticated grid pattern flightpaths (Pix4D) to be conducted
that allow the pilot to customise the overflight pattern e.g. straight line or grid, the camera tilt,
speed, and the flying height of the aircraft amongst other things. Over time, the data/image capture
task has now become a one-button ‘push’ for take-off and one for landing. The technology has
therefore made it much easier to conduct repeat flights of the same area to gather multi-temporal
imagery of a site. Nearly all modern drones now have autonomous flight capability, and this in turn
allows them to be used for more advanced aerial survey tasks.

Additionally, some drones (e.g. the DJI Mavic Air 2) now come equipped with the new AirSense
technology utilising ADS-B aviation technology for