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Foreword

I count myself fortunate to have had the opportunity to work with Dr. Melinda 
Laituri and Dr. Robby Richardson during their tenures as Jefferson Science Fellows 
in the U.S. Department of State’s Office of the Geographer and Global Issues, which 
I direct in my role as the Department’s Geographer. This office conducts research 
and analysis with a geographer’s lens on a broad range of issues that includes, 
among others, food security, water security, climate change, migration, infectious 
disease, and human rights. The COVID-19 global pandemic impacts each of these 
issues, regionally and differentially. And I can think of few scientists better posi-
tioned than the editors of this book to provide expert guidance in stitching together 
this collection of geospatial “stories” the pandemic has spawned.

During the course of their fellowships in the Office of the Geographer, Dr. Laituri 
and Dr. Richardson helped my office spearhead participatory mapping projects in 
more than a dozen “secondary cities” around the world. These projects were 
designed to tap local knowledge to create geospatial data and build human geogra-
phy content and knowledge in order to explore rapidly growing urban areas that 
were often underexamined, poorly mapped, and ill understood by scientific inquiry. 
A spin-off of one of those projects, the “COVID-19 Cities’ Mapping and Mitigation” 
initiative, introduced me to Junghwan Kim, who is a postdoctoral fellow at Harvard 
University’s Center for Geographic Analysis and the third editor of this book. The 
combination of expertise these three editors bring to this endeavor are both excep-
tional and complementary. Dr. Laituri is a geographer who specializes in participa-
tory mapping and geospatial tools and techniques; Dr. Richardson is an ecological 
economist who studies the contribution of ecosystem services to socioeconomic 
well-being; and Dr. Kim brings an urban planning and engineering background to 
the editorial team. (Each of them also contributed chapters to the book). Their train-
ing, research, fieldwork, and tradecraft have positioned them, collectively, to gener-
ate an outstanding and diverse group of papers that fit seamlessly into an integrated 
volume but also merit examining as singular contributions to what is one of the most 
impactful social and economic issue of the day, i.e., the impacts of COVID-19 on 
society – globally, regionally, and locally.
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And just what are those impacts? And how are they manifest over space and 
time? That is what this volume of storytelling geographies attempts to explore. 
“Geographies” – because each has a scale of spatial analysis unique to the place or 
context of the pandemic’s impact. “Storytelling”  – because the COVID-19 pan-
demic has become a personal experience, either directly (primary impact) or indi-
rectly (secondary impact) for millions of people worldwide. And many of these 
stories reveal trends and patterns that can be exceptionally explored though geospa-
tial analyses. Analyses that are underpinned by geographic factors such as scale and 
location lay bare the power and influence of location, race, age, wealth, politics, 
media, and their collective consequences. Analyses that also expose and explore 
possible solutions that meet the challenges of addressing the pandemic’s differential 
impact on communities, governments, industries, educational institutions, eco-
nomic transactions, mobility, consumption patterns, and, not least of all, public 
health infrastructures.

What stands out more than anything in this collection of research topics, how-
ever, is the landscape of inequality on which it is painted: inequality that is region-
ally differentiated, dependent on scale, and thus ripe for geographic analysis. This 
volume of collected stories lays bare some of the truths of the pandemic that spatial 
analysis and maps effectively lay bare, the downstream consequences of which are 
yet to be told. The chapters herein not only address well-documented factors related 
to rich/poor, urban/rural, access to healthcare, race and ethnicity, educational, and 
digital divides but also delve into less explored differentials in transportation, hous-
ing, communication, access to open space, physical barriers, employment sector, 
legal norms, and the importance of neighborhoods. And, of course, maps and geo-
spatial analysis provide a common language by which these stories are told. Indeed, 
maps generated by GIS tools and methods of spatial analysis often reveal patterns 
of inequity, particularly at different scales or via Earth observation processes, which 
might otherwise not be obvious by scientific inquiry alone, e.g., the impact the pan-
demic has had on small cities, its relationship to housing quality, and the relation-
ships between mobility and deprived communities. In every case, further study is 
warranted that would utilize the power of geospatial technologies to develop place-
specific tools, e.g., Francis Koti in his chapter calls for the development of an 
Africa-specific index for assessing socio-spatial vulnerabilities prompted by down-
stream impacts of the COVID-19 pandemic.

What this volume further underscores are the value of data – methods of their 
collection, tools for their analysis, veracity, completeness, quality, and integrity. 
Several of the chapters also highlight the fact that the quality and integrity of 
COVID-19 related data, and their interpretation and communication, also suffer 
from inequality and uncertainty. For an event as pervasive as a global pandemic, the 
challenges of collecting accurate data abound, making it difficult for policy makers 
to make timely decisions – to address care needs, allocate resources, devise com-
munication strategies, and plan and implement mitigation strategies and actions. 
Data collection challenges are further compounded by privacy issues and ethical 
concerns, particularly as Albanese and Senesi point out, in an age of “surveillance 
capitalism.”

Foreword
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In my role as the Geographer of the Department of State, I also serve as one of the 
co-chairs of the Worldwide Human Geography Data Working Group (WWHGD 
WG), which since 2011 has provided a platform for a discussion of human geogra-
phy issues shaping our world, and a venue to better understand the importance of 
place in the ongoing development of culture and society. The goal of this community 
is to discover, share, and map human geography data to support decision making 
with the goal of improving human security. While reading the chapters of Geospatial 
Stories of the Global COVID-19 Pandemic I found myself contextualizing the 
themes of these stories with those of the WWHGD WG, which include demograph-
ics, ethnicity, education, health, economy, transportation, and communication, 
among others. It struck me how coincident these themes, underlying the range of 
human geography data essential both for understanding and sustaining communities, 
align with the geospatial “stories” in this collection, and how the pandemic touches 
so many distinct aspects of our collective human security that can be explored via 
geographic inquiry. Another one of my roles as the State Department Geographer is 
to maintain and disseminate the official U.S. government–recognized international 
boundaries for all countries of the world. It struck me as ironic that while in my job 
I demand the integrity of such borders in an unbending fashion, at the same time the 
world is mired in a pandemic that both shows little respect for borders yet is subject 
to policies that are strictly prescribed by governments defined by such borders and 
guide the “human geography” behavior of the citizens living within them.

The transdisciplinary nature of geography allows for an examination of the many 
facets of the coronavirus pandemic that are essential for understanding the COVID-19 
story or, in this case, stories. Using case studies and examples of geospatial analyses, 
this volume examines several places around the world that have experienced the 
effects of the pandemic in different ways. As Melinda Laituri described in her opening 
chapter, the “consequential geography” of the pandemic exposes a landscape of 
inequality and vulnerable populations. The team of authors she and her co-editors put 
together for this volume were well positioned and well represented to explore the 
pandemic’s inherent inequality from different regional, national, and academic back-
grounds – but always with a geographic perspective grounded on differential scales of 
analysis. They themselves hail from every continent and represent a diverse and inclu-
sive set of viewpoints, backgrounds, expertise, gender, race, and ethnicity – enriching 
their stories about the differential impact the COVID-19 pandemic had on diverse 
socioeconomic and demographic sectors of communities around the world.

Lee Schwartz
U.S. Department of State�  
Washington, DC, USA
28 February 2022

Disclaimer: The views in this report are solely of the authors and do not represent those of the 
U.S. government agencies or any of the organizations mentioned. Assumptions made within the 
analysis are not a reflection of the position of any U.S. government entity.

Foreword
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Preface

When we first considered this volume in early 2021, we assumed that by the time 
this book was published the pandemic would be behind us, and this would be a 
reflective volume. Instead, at the beginning of 2022, we find ourselves continuing to 
be in the midst of the pandemic globally. The COVID-19 pandemic is an on-going 
and persistent global experience. The keyword is experience – as we soon discov-
ered – who you are and where you live have a profound impact on your experience 
with the pandemic. Using a geographic lens, we were interested in that juxtaposi-
tion of the commonality created by the pandemic, the people’s pandemic experi-
ences in different places, and myriad reflections of inequality exposed. The existing 
inequalities are revealed through the increasing differences of income inequality, 
the deepening digital divide highlighting access to technology – a necessary tool 
during the pandemic, and the availability of and access to basic healthcare services 
and vaccinations. This is the moment to examine these inequalities through sharing 
geospatial stories of the pandemic.

A geographic frame of reference that is both expansive and integrated is a useful 
approach to assessing the state of the pandemic around the world. Geography cross-
walks physical, social, and economic themes to define and create a holistic under-
standing of place. Place is central to our collective experience because where and 
how we live is so disrupted – and we have all shared this experience in different 
ways. The spiraling impacts of the pandemic coupled with government policies and 
socio-economic disruption further reveal the landscape of vulnerability – who is 
vulnerable, who is becoming vulnerable, and what is the impact of vulnerability in 
terms of where people live and work? These are all questions that have a spatial 
dimension. As the pandemic and human behavior continue to evolve, these ques-
tions also have a temporal dimension.

The intersection of geography and technology is exhibited through the numerous 
online data dashboards that use maps to tell a story. Maps are accessible. Interactive 
maps are interesting. Highlighting geospatial platforms (interactive maps), data 
(demography), and applications (identifying hotspots of caseloads) demonstrate the 
value and importance of these tools to share stories and create visualizations. 
However, these tools also have their limitations. How do they circumscribe our own 
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geography and sense of place? How can they be employed while also ensuring that 
personal privacy is protected?

We invited researchers, students, and practitioners from around the world to do 
two things: (1) address a critical issue related to the pandemic through a geospatial 
and geographic lens; and (2) share a personal story of the pandemic. The pandemic 
provides a moment of reflection where we are embedded in the growing realization 
that the world has changed. In fact, change has been the most fundamental shared 
experience we have all had – the changing conditions of our everyday lives, during 
the past two years, and into the future. Adaptations to the virus will be place specific 
and long term. We have much to learn from each other, and this volume contributes 
to the on-going dialogue.

Melinda Laituri� Fort Collins, CO, USA
Robert B. Richardson� East Lansing, MI, USA
Junghwan Kim� Blacksburg, VA, USA

Preface
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Chapter 1
How COVID Changed Our Daily 
Geographies

Marie Price 

Much of the scientific effort to alter the trajectory of COVID-19 and produce 
vaccines and medical treatments has focused on the biomedical sciences. This book 
highlights the obvious and subtle ways that geography and geographical sciences 
informed our collective understanding of and response to COVID-19. Key concepts 
such as scale, space, diffusion, environmental context, and place were and are 

Personal Story
I study human migration because of the many ways human mobility shapes 
and changes places. On March 1, 2020, I flew to Prague, Czechia, to begin a 
stint as a visiting scholar at Charles University working with geographers who 
study migration. As I left the United States, COVID was spreading, but the 
numbers were low. Taking precautions, I brought masks and hand sanitizers 
with me. I assumed my research would continue. In less than 2 weeks, the 
enchanting city of Prague, with its streetcars, cobbled squares, and steeples, 
began to shut down. By the second week of March, the university had closed 
to in-person instruction. On the night of March 12th, President Trump’s news 
conference reported that international travel to the United States would end at 
midnight Friday March 13th. It was time to book a return flight.

The eeriest moment of my return trip was walking through the virtually 
empty corridors of Frankfurt Airport. Two weeks earlier, the place buzzed 
with suited business travelers, families, and students. Now I felt alone. As I 
walked down a long corridor, I spied a lone traveler seated quietly on a bench. 
I walked closer, hoping to exchange a friendly word, only to realize that this 
‘stranger’ was not a person at all, but a life-size statue of Albert Einstein. It 
was at that moment I realized the world of mobility that I had taken for granted 
had halted. I flew home in a half-empty plane and did not board an aircraft 
again for 6 months when I visited my ailing mother before she passed away. 
Marie Price
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critical in guiding behaviors to slow COVID-19’s transmission and understand the 
uneven impacts of the virus over time. Geospatial tools such as maps, remotely 
sensed imagery, dashboards, and location tracking technology all played a role in 
visualizing the virus’s impact and developing human responses to it and will be 
detailed in this volume.

There is geography in the practices of social distancing, the privileging of out-
door settings, the stunning decline in mobility, and the attributes of place that help 
to explain various pandemic reactions and outcomes. This essay argues that an 
explicit set of geographic concepts and tools shaped our everyday geographies dur-
ing the pandemic. Geospatial tools, especially maps, were invaluable in helping us 
understand the shifting extent and impact of the pandemic but as Melinda Laituri 
makes clear in Chap. 2, there is both power and limits to our geospatial tools and the 
data they rely upon. Authors in this volume apply a framework of first order impacts 
(immediate responses to the virus itself) and second order ones which derive from 
human responses to the virus. But as geographer Barney Warf suggests, there were 
also preconditions that, in the case of the United States, led to higher infection rates 
and deaths (Warf, 2021).

Now 2 years since the pandemic began, we better understand first order impacts. 
Yet there is a growing list of second order impacts that influence diverse race/class/
age groups and the places they reside/work as popular headlines report declining 
school enrollments and struggling students (Day et  al., 2021; June, 2021) or the 
Great Resignation of workers in 2021 (Thompson, 2021; Richardson, 2022). The 
long-term social, economic, and political consequences of COVID-19 will be the 
subject of scholarly investigation for decades; this volume sheds light on what we 
have learned so far, especially from a geo-spatial perspective. While the scope of 
this book is global, many of the examples in this chapter come from the US 
experience.

�Daily Geographies Altered

The pandemic provided a dramatic example of how quickly human mobility and 
daily patterns can shift, remaking our daily geographies with varying intensity. In 
the early stages of the pandemic, some states and localities imposed extreme lock-
down measures aimed at keeping people in their homes or reducing the distance 
they could travel from their homes. Others shifted to remote work and education 
strategies, dramatically altering the daily activity paths of household members. In 
short order, millions of home spaces became office spaces for workers and class-
rooms for children thrust into online education. In the United States, an essential 
worker class emerged (from grocery clerks to police officers and hospital staff) who 
went to actual places of work rather than work remotely from the relative safety of 
their home. Even so, millions lost jobs. Federal stimulus monies were issued to 
soften the economic blow of the pandemic in the United States. For those who did 
not have homes, cities turned unoccupied hotel rooms into homeless shelters. Even 
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innocuous tasks such as opening mail or shopping for groceries were stress induc-
ing activities before COVID transmission was fully understood. For most parts of 
the world, mixed levels of fear infused and altered daily activities in some ways.

Before masking became a widely accepted—albeit contested—method to slow 
transmission, social distancing emerged as a time-honored low-tech approach to 
reduce the risk of infection. People isolated alone or in small groups, often referred 
to as COVID pods. Even walking down streets turned into a COVID dance of dodg-
ing and street crossing to avoid close and/or direct contact with others. By the sum-
mer of 2020, gathering outdoors emerged as the safest form of socializing, so people 
and companies expanded their outdoor gathering spaces, resulting in some cities 
turning sidewalks and even entire blocks into socially distanced and outdoor spaces 
to dine. Outdoor activities such as camping, hiking, canoeing, boating, biking, and 
walking experienced upticks in popularity. As social interaction declined, people 
turned to animal companionship; in the United States, dog and cat adoptions surged 
during COVID-19 as one in five households acquired a new pet during the pan-
demic (ASPCA, 2021).

The pivot to digital and virtual interactions also happened suddenly as a result of 
the pandemic. In particular, daily activities shifted to the home and neighborhood 
scales, especially in the early stages of the pandemic. Digital meetings and collabo-
rations surged, and there was growing dependence upon platforms such as Zoom 
and later the phenomenon of Zoom fatigue. A reliance on virtual interactions intro-
duced many second order impacts: from the nature of work, the shift to remote 
education, to the use of different systems of transport and the uncertainty of supply 
chains. Work, education, and transport continue to be impacted by COVID-19 
although the intensity of these impacts has oscillated over time and space. With 
people not going to work or school or business meetings, planes, trains, buses, and 
subways were markedly underutilized. The private car, always popular in the United 
States, became the preferred safe mode of travel. With the widespread use of smart 
phones as sensors, telemetry analysis showed a stunning decline in daily mobility 
whether tracking public transportation usage or movement in general, especially in 
the spring of 2020 (Mapbox, 2020). As we enter 2022, human circulation has 
returned, in some places, to near pre-pandemic levels, but work settings continue to 
be affected.

One area where human circulation is still disrupted is international travel and 
migration. A report written by geographer Alan Gamlen (2020) for the International 
Organization of Migration notes that by March 2020, 91% of the world’s population 
lived in countries where there were border restrictions imposed on people arriving 
from other countries who were not citizens or residents of that country. While many 
of these restrictions have been lifted, human movement across international borders 
has declined, especially for some of the most vulnerable people fleeing conflict or 
oppression. For example, during the first year of the pandemic, the resettlement of 
refugees virtually stopped. Gamlen concludes with a provocative second order 
impact question: might the pandemic mark the end of the current age of migration 
with its reliance on international migrant labor?

1  How COVID Changed Our Daily Geographies



4

�Led and Misled by the Map

Maps mattered during the COVID-19 pandemic and became the most public geo-
graphic tool deployed to inform our understanding of the changing scope of the 
pandemic. Freely available dashboards such as the ones created by Johns Hopkins 
University (JHU, 2022) and the New York Times (NYT, 2022) reported daily infec-
tions, hospitalizations, deaths, and vaccination rates at various scales from institu-
tions (hot spots such as nursing homes, prisons, or universities) to county, state, and 
country totals around the globe. To deal with spatial and temporal differences, dash-
boards presented 2-week and 4-week averages, rates of infection (that allowed com-
parisons with smaller and larger demographic units), as well as overall counts 
during particular time frames. Being able to drill down to smaller units of geogra-
phy, say a county instead of an entire state, provided a more precise understanding 
of the real-time pandemic threat. Remarkably this information was freely available 
to anyone with internet access. There is a long-established history of geographers 
mapping disease (Paul, 1985), yet the speed with which maps were created and 
updated during the pandemic is a stunning example of the geospatial digital 
revolution.

Visualizations of data in near real-time were readily available during this pan-
demic. Yet the choices made in data selection, areal units, and time period studied 
can greatly influence how the data are presented and interpreted. Geographers are 
keenly aware of how the areal unit of analysis can create bias or uncertainty. The 
modifiable area unit problem (MAUP), and its corollary, the modifiable temporal 
unit problem (MTUP), are recognized by geographers using geospatial data (Helbich 
et al., 2021). For example, data by county in the United States is often viewed as a 
refinement over state data. Yet counties vary enormously by size and density, result-
ing in patterns on the map that could visually overstate the problem in one area (a 
large but lightly populated western county) and downplay it in another (a small 
densely populated county in the east). Likewise, the time period mapped could yield 
radically different maps as infection spikes rose and fell unevenly. Since 80% of 
people live in cities in the United States, there is a tendency to think of COVID-19 
having a greater impact on cities. The earliest images of New York City overrun 
with COVID patients in the spring of 2020 come to mind (Rothfeld et al., 2020). Yet 
a geographical analysis by Zhang and Schwartz (2020) based on US data from the 
first months of the pandemic concluded that the incidence of mortality in some 
small cities and nonmetropolitan counties was similar to that in New York City. 
When we see maps of the absolute mortality numbers, COVID-19 appears to be an 
urban problem, but when mortality rates are mapped, the pattern is more mixed.

For global COVID-19 data, country boundaries were the unit of convenience, but 
this tended to emphasize the most populous and larger territorial states, especially 
when total numbers of cases or deaths were considered. The tendency to privilege 
state boundaries over all others, especially in international affairs, has been termed 
the ‘territorial trap’ by political geographer John Agnew (1994). Seeing national 
borders as barriers of defense is a standard political response. By April 2020 most 
countries had closed their borders to non-citizens (Connor, 2020). Models suggest 
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that in the early stages of the pandemic, strict border closures slowed the spread of 
transmission, but once the virus had entered into a territorial state, border closures 
made little difference (Mallapaty, 2021). In federal systems of governance, responses 
to COVID-19 devolved to smaller units such as states or provinces, which may be 
more appropriate to manage public health responses. Yet state-driven responses to 
the pandemic prevail amid growing tensions among other units of government that 
want more localized control (Agnew, 2021).

�Preconditions That Intensified the Negative Impacts 
of COVID-19

In addition to the first-order and second-order impacts of COVID-19, an apprecia-
tion of various preconditions is helpful. For the United States, geographer Barney 
Warf makes the case that certain aspects of America society allowed for rapid 
inroads of the virus. These include distrust of the state, individualism, anti-
intellectualism, high degrees of religiosity, lack of universal healthcare, high levels 
of obesity, the world’s highest prison incarceration rate, homelessness, and systemic 
racism and racial inequality (Warf, 2021, p. 497). Warf argues that US fetishism 
towards a neoliberal ethos that emphasizes market solutions with only minimal state 
interventions made the United States uniquely vulnerable to the virus. As of late 
January 2022, the United States is the country with the most recorded deaths, near-
ing 900,000, and it has one of the highest death rates (1  in 376 people) among 
developed countries (New York Times, 2022). The concept of preconditions that 
made localities (at various scales) more or less vulnerable to COVID-19 deserves 
further consideration.

Another major second order impact is the unprecedented level of government 
spending to combat COVID-19. Between the CARES Act ($2.2 trillion) signed by 
the Trump Administration in March 2020 and the COVID Relief bill signed by the 
Biden Administration ($1.9  trillion) a year later at least $4  trillion dollars were 
directed to address health, testing, and socioeconomic needs in the United States. 
Given the severity of the threat posed by the pandemic, countries that had the 
resources, spent vast amounts of capital to reduce the negative impacts of COVID-19. 
Understanding the effectiveness of these economic investment and public reactions 
to these efforts will be critical going forward.

�Questioning Location Tracking

At the American Geographical Society, where I serve as president, we felt the need 
to respond to the pandemic by offering information and insight. There were some 
obvious opportunities to communicate with our members and the general public. 
We retooled DailyGeo, our weekday update about geography in the news, to include 

1  How COVID Changed Our Daily Geographies
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a different map of COVID-19 every day for nearly 2  years  (AGS, 2020b). This 
allowed our viewers to learn about different ways the pandemic was spreading and 
being visualized. We also developed several podcasts that focused on the pandemic 
and the responses by geographers using geospatial technology.

The major initiative we undertook was the Location Tech Task Force funded by 
a grant from the Henry Luce Foundation. In 2020 many believed that location track-
ing, which relies upon smart phones, could be easily deployed (Mushahwar et al., 
2020). South Korea demonstrated considerable success using this technology for 
early detection of exposure to the virus (Kim & Kwan, 2021). The objective of the 
Location Tech Task Force was to bring together specialists to discuss not just the 
feasibility of the technology but the larger concerns about geo-privacy, surveillance, 
vulnerable publics, management of the data and accountability (AGS, 2020a). The 
final report highlights the various governance and integrity issues that undercut trust 
in the technology. It also pointed out individual and group vulnerability to geo-
tracking and the concerns that the technology could be easily expanded into other 
forms of location tracking once the threat of COVID-19 had subsided. There were 
also many ethical issues surrounded the security and management of the data col-
lected. In the end, location tracking was not widely adopted in the United States or 
elsewhere. The technology worked but its use posed many thorny issues that have to 
be resolved before gaining public trust in such a system.

As the location tracking issue demonstrates, such geospatial tools were actively 
developed to address the pandemic. And there may be a role for them in the future 
if concerns about geo-privacy, trust, and governance are addressed. But many other 
technologies, especially making dashboards and maps widely accessible to the pub-
lic, were fundamental in responding to the pandemic. Using geographical analysis 
will be equally valuable as we seek to understand the complex and long-term second 
order impacts of this twenty-first century pandemic.
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Part I provides an overview of the role of geography in the COVID-19 pandemic. It 
consists of five chapters, including geospatial tools and technologies in pandemic 
research, maps to understand the pandemic’s impacts, quantitative geography meth-
ods in COVID-19 research, privacy and ethics issues in COVID-19 policies, and the 
Cities’ COVID Mitigation Mapping (C2M2) program.

In Chap. 2, Dr. Laituri provides a historical and geographical overview of the use 
of geospatial tools and technologies to address pandemics in general and COVID-19 
specifically and longer-term adaptation to extreme events. Referring to the term 
“consequential geography” coined by Edward Soja (2010), Dr. Laituri illustrates 
that the consequential geography of the pandemic is manifested in myriad places 
around the world with uneven and inequitable impacts on economies, environments, 
societies, and cultures. Dr. Laituri further illustrates that a key theme of the pan-
demic is the exposure of inequality around the world exacerbated by not only the 
virus but compounded by the government and social responses. Dr. Laituri argues 
that the consequential geography of the pandemic exposes a landscape of inequality 
and vulnerable populations.

In Chap. 3, Dr. Richardson defines the first- and the second-order impacts of the 
pandemic through mapping. Throughout the pandemic, maps have helped us to 
understand the spread of the virus and visualize rapidly changing information about 
its impacts. Dr. Richardson presents several examples and cases from published 
research to identify the limitations and challenges associated with geospatial appli-
cations, such as time, space, and scale. Dr. Richardson also identifies and describes 
how maps have been used to measure the impacts of the pandemic.

In Chap. 4, Dr. Kim, Mr. Wang, and Mr. Rapuri review the role of quantitative 
geographical approaches in COVID-19 research. By reviewing 331 papers that 
adopted quantitative geospatial approaches, they identified three research themes: 

Part I
Geographies of a Pandemic: A Place-Based 
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(1) investigating geographical disparities in COVID-19 cases and deaths as well as 
the accessibility to COVID-19-relevant facilities such as testing and vaccination 
sites, (2) examining various factors that affect COVID-19 cases and deaths and 
building a model to predict those in the future, and (3) other topics that are relatively 
less studied than the aforementioned two themes. They also observe fewer papers 
on second-order impacts than first-order impacts.

In Chap. 5, Dr. Seidl examines the values and ethics involved in the debates over 
whether and/or how to apply mobile location data to prevention efforts through 
contact tracing, quarantine enforcement, symptom checking, and flow modelling. 
Mobile location data became a center point of debate in the midst of the COVID-19 
pandemic. Unlike pandemics of the past, the advancement of cellular phone tech-
nology and its adoption by a large proportion of the world population caused many 
governments, health authorities, and companies to explore how phone-based geo-
spatial data could be applied to prevent disease transmission. Dr. Seidl argues that 
the precedents set during the COVID-19 pandemic for the use of personal geospa-
tial data and the infrastructure established to support its collection will follow us 
into the next world challenge.

In Chap. 6, Ms. Cline and Dr. Laituri introduce the Cities’ COVID Mitigation 
Mapping (C2M2) program. It is a program led by the US Department of State from 
summer 2020 through fall 2021 illustrating the reach of participatory mapping part-
nerships applied to second-order impacts of the COVID-19 pandemic, and the geo-
spatial model used offers lessons applicable for recovery from the pandemic as well 
as a wide range of issues that will continue to impact developing cities, to include 
resilience and sustainability.
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Chapter 2
Geography of the Pandemic

Melinda Laituri 

�Introduction

Geography is central to the COVID-19 story, the underlying science of pandemic 
exposure and spread, and the societal responses to control and manage the virus and 
its effects. The current pandemic is a spatial story that crosses boundaries, scales, 
and cultures and can be told through maps – the language of geography. Descriptions 
of the pandemic are rife with references to geographies of location, wayfinding, and 
direction – navigating health responses, uncharted territory of a rapidly expanding 
pandemic, waves of transmission, invasion of habitats by humans, the shifting 
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loved going to a new country, experiencing the culture, food, music, but, most 
importantly, the people. My last trip was in February 2020. I was in Kyiv, 
Ukraine, watching the unfolding of the first stages of the global shutdown and 
wondering if I was going to get back to the United States. The only trip I have 
been on in the past 2 years is to Cleveland, Ohio, to visit family in July 2021 
when we thought the pandemic was starting to ebb. Instead, it has continued 
to flow, and I am reluctant to travel. I made an investment in adopting a cau-
tious approach to the pandemic and wonder when I will decide to compro-
mise. However, I have been exploring the world at my fingertips through 
virtual travel to exotic locations. I have visited places I never thought to 
explore before – Chernobyl, Mars, and Iceland’s oldest shipwreck. It isn’t 
quite the same but does fill a bit of the void. Melinda Laituri
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epicentre of the virus, shelter in place, remote learning, mapping the virus genome, 
global research roadmap, paths of transmission, and downstream or cascading 
effects of the pandemic. This volume of case studies focuses on the geographies of 
COVID-19 around the world. These geographies are located in both time and space, 
revealing impacts that are both immediate and long-term. The story of the pandemic 
is dynamic, in constant flux, and flush with ephemeral observations. The COVID-19 
pandemic will be prolonged due to the onset of variants as well as setting the stage 
for similar future events. This chapter provides a synopsis of how geography and 
geospatial approaches are used to understand this event and the emerging “new 
normal.”

Maps are created through mapping – the process of using the tools of geography 
that include geospatial data, remote sensing, mobile devices, and interactive visual-
izations yielding dynamic results. These products derived from a geographic per-
spective – grounded in a location and using a geospatial approach for analysis – are 
central to understanding the pandemic. What do maps  – or more importantly  – 
geography tell us about the pandemic? There are four general themes to consider. 
First, geography and questions of where are central to this story. Where is it present? 
Where is it spreading? Where is it most pronounced? Where am I in relation to it? 
Second, the geographic concept of scale is important in how the story is depicted – a 
global, generalized picture tells a significantly different story than the story in my 
hometown and is dependent upon the availability of and access to data at the appro-
priate resolution and scale. Third, place matters – where we live defines access to 
resources and essential services, revealing racial, social, and economic disparities. 
And finally, what has emerged about the pandemic is a complex story of uncertainty 
and vulnerability where the virus defies generalities, manifesting itself differently in 
different places with long term impacts that we will have to contend with (see The 
Geography of COVID-19, Parts 1–4 blog post, Laituri et al., 2020).

This chapter provides a historical and geographical overview of the use of geo-
spatial tools and technologies – geographic information science (GIS) – to address 
pandemics and disasters in general, COVID-19 specifically, and longer-term adap-
tation to extreme events. Situating such events in place and time emphasizes the 
importance of using these tools and how they shape the stories we tell. The geogra-
phy of the pandemic is twofold: the virtual geography of the pandemic and the 
consequential geography of the pandemic in places across the globe. The virtual 
pandemic is told in maps, data, and dashboards, creating living, dynamic maps of a 
global catastrophe. The ecosystem of the virtual pandemic includes big data, dash-
boards, dynamic maps, algorithms, coding, satellite imagery, and social media. Data 
dashboards – built upon a suite of geospatial and technical tools – use base maps of 
political geography (countries, states, and provinces) to display and visualize data 
about the pandemic (statistics on case numbers, deaths, and transmission) to show-
case distributional impacts through concepts of human and medical geography. 
These dashboards are simplifications of the complex landscape of the pandemic and 
highlight the need for regional, subnational, city, and sub-city data or specifically, 
local data to tell the local story (Bakari et al., 2021).

M. Laituri
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�Consequential Geographies

In Seeking Spatial Justice, Edward Soja coined the term “consequential geography” 
in reference to understanding the “social production of space” comprised of the 
social, political, and economic organization of places (2010, p 31). The consequen-
tial geography of the pandemic is manifested in myriad places around the world 
with uneven and inequitable impacts on economies, environments, societies, and 
cultures. This consequential geography reveals the relationship between places 
through the connectivity exhibited by the infrastructure (i.e., physical infrastructure 
of wired networks and cables of the Internet; transportation networks that support 
supply chains; medical facilities that provide access to vaccines) of the functional 
geography of who and how people are connected (Khanna, 2016). Connectivity is 
reflected through financial flows, integrated economies, supply chains, and mobile 
populations that transcend boundaries. Similarly, the consequential geography of 
the pandemic defines how pathogens are spread due to the intersection of social 
relations, economic flows, environmental factors, and human behaviours.

The geographic legacy of past pandemics is evident in multiple ways. In 2015, 
the World Health Organization issued new guidelines for naming conventions of 
human infectious diseases to minimize negative effects on nations, economies, and 
people (WHO, 2015). Prior to this best practice numerous pathogens were named 
for places; examples include Rocky Mountain spotted fever, West Nile virus, Middle 
East respiratory syndrome, and the Spanish flu (Christakis, 2020, p. 174). This geo-
graphic legacy is also reflected in the many monuments, churches, hospitals, and 
cemeteries built in response to past epidemics. In 1423, Venice established one of 
the first quarantine sites or lazarettos to manage bubonic plague; a stone pillar in 
Vienna commemorates the Black Death of 1679. A cemetery, Disco Hill, was estab-
lished in Liberia to allow burial teams to dispose of the dead due to the Ebola virus 
in 2014; and a memorial grove in San Francisco commemorates those lost to AIDS 
since the 1980s (Ben-Ami, 2021).

�Geography, Maps, and Technology

Maps and charts are essential to understanding human relationships to the environ-
ment and disease. Two examples demonstrate how geographic data were used to 
create maps and charts of disease and transmission. An early example of under-
standing the consequential geography of a pandemic was John Snow and his col-
laboration with Henry Whitehead to map the cholera epidemic in London in 1854. 
John Snow created a map of cholera cases and water pumps that when coupled with 
local knowledge supplied by Henry Whitehead supported the theory of cholera as a 
water-borne disease, leading to reforms in public infrastructure and waste manage-
ment (Johnson, 2006; Tufte, 1997). Once scientific opinion accepted the waterborne 
theory of cholera, Snow’s map became an important demonstration of the 
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integration of science and local knowledge, linking an artifact of the built environ-
ment to a pattern of disease and disaster. Minard’s 1896 statistical graph of 
Napoleon’s march to Moscow (1812) and return is the representation of two dimen-
sions of six different types of data (the number of Napoleon’s troops, distance, tem-
perature, latitude and longitude, direction of travel, and location relative to specific 
dates) (Tufte, 2002). This rendering of time and space offered an innovative way to 
integrate multiple types of geographic data. Reading Snowden’s narrative account 
(2019) of Napoleon’s misadventures illuminated the role of disease – dysentery and 
typhus – in the diminutive numbers that returned to Paris, which is not part of the 
data of the original graph, revealing a story of disease and death in time and place.

The full trajectory of geography is beyond the scope of this chapter; however, 
there are some pivotal technical developments that significantly contribute to using 
a geospatial approach in understanding the consequential geography of the pan-
demic. In the 1980s, geography underwent a second quantitative revolution1 with 
the development of geographic information systems (GIS). Location-based data, 
georeferenced information, and computer modelling combined to develop applica-
tions for place-based decision-making. Increasing availability of satellite imagery 
and the use of global positioning systems (GPS) to assess land use/land cover 
change and sensors to track environmental conditions furthered the use of GIS in 
university curriculums, business applications, and government uses. Geographical 
approaches embedded in the tools of GIS demonstrated the fundamental nature of 
integrated analysis of multiple and disparate types of data to yield new information 
and new insights (Tomlinson, 2003). Characterized as the spatial turn (Torre, 2008), 
the 1990s was a period of further development of geospatial techniques, increasing 
accessibility of computer-based software tools, and development of spatial concepts 
(i.e., place, landscapes, relative space, or spatiality), fuelling transdisciplinary 
approaches across the natural and social sciences as well as the humanities (NRC, 
2006) and strengthening partnerships between universities, government, and indus-
try (Craglia & Shanley, 2015).

Geospatial approaches enabled transdisciplinary research to examine disasters, 
environmental change, and the geography of vulnerable populations (Laituri, 2021). 
A key contribution in the late 1980s was the United Church of Christ’s Commission 
for Racial Justice report “Toxic Waste and Race in the United States,” which 
revealed the disproportionate environmental impacts on people of color and low-
income communities of hazardous waste sites. Maps overlaid demographic data 
(US Bureau of Census) and Environmental Protection Agency’s (EPA) locations of 
hazardous facilities to reveal “communities with the greatest number of commercial 
hazardous waste facilities had the highest composition of racial and ethnic resi-
dents” (Chavez & Lee, 1987, pg. xiii). These maps were part of ground-breaking 
efforts to depict inequitable landscapes and launched the environmental justice 
movement in the United States (Bullard, 1993). In 2015, the Global Atlas of 

1 The first quantitative revolution occurred in the 1960s, ushering in an emphasis on science and 
mathematics using statistical and other quantitative methods such as multivariate analysis, spatial 
and simulation modeling (Preston, 1972).
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Environmental Justice (https://ejatlas.org/) provided descriptions of locations and 
types of environmental justice case studies around the world. These descriptions 
include categories of waste management, climate justice, biodiversity, and water 
management. Early in the COVID-19 pandemic, it was evident that the virus impacts 
people of color disproportionately, reaffirming that fundamental tenet of environ-
mental justice (Winskill et al., 2020). Where poor people live and the preconditions 
to getting sick are critical questions that are part of current efforts to assess the 
pandemic and understand the underlying geography.

Peter Gould’s The Slow Plague (1993) described the AIDS pandemic using maps 
and geographic concepts – diffusion and spatial modelling – to trace the transmis-
sion in Africa, Thailand, and the United States. He applied a geographic perspective 
to examine the cultural underpinning of the AIDS pandemic through the interplay of 
sex, poverty, transportation (i.e., air travellers carrying AIDS to distant locations) 
and place. Gould documented the rapid spread, pathways and trajectories across 
different spatial scales, applying analysis of socio-economic data and AIDS cases to 
trace those most impacted  – poor and ethnic minorities concentrated in urban 
centres.

In 2011, Emory University developed the first interactive online map of HIV – 
AIDSvu – that maintains current data on AIDS in the United States at the state, 
county, and city levels. These data include demographics, transmission patterns, and 
data comparisons of socio-economic characteristics. The interactive maps are repre-
sentations of the diversity and complexity spanning the global reach of the AIDS 
pandemic, laying the groundwork for future geographic examinations of infectious 
disease.

The US Disaster Mitigation Act of 2000 supported efforts to better plan for 
disasters through hazard mapping, community participation, and risk. Susan Cutter 
et al. (2003) and her team created the social vulnerability index (SoVI) to environ-
mental hazards using county-level socio-economic and demographic data. This 
approach facilitated the development of such tools as the Social Vulnerability Index 
(2006–2014) for multi-hazard vulnerability assessments using GIS to spatially 
combine vulnerability of populations, physical geographic characteristics, socio-
economic data, and social fabric across multiple hazards. (Tate et al., 2010). Cutter’s 
work was foundational for the development of the Centre for Disease Controls’ 
(CDC) social vulnerability index (SVI) (Flanagan et al., 2011) for disaster manage-
ment. The Agency for Toxic Substances and Disease Registry hosts an interactive 
map of the SVI in the United States with prepared maps at the census tract level of 
four thematic areas (socioeconomic status, household composition, housing type, 
and ethnicity) that are then combined to calculate the SVI of a community’s capac-
ity to respond to disasters. These web-based platforms exemplify the nature of inter-
active maps using datasets from multiple sources, representing the geography of 
vulnerability.

In the early 2000s, multiple disasters drove further advancements in using the 
suite of integrated spatial technologies and extending the reach of web-based plat-
forms. The 2004 Indonesian tsunami saw the establishment of methods for increas-
ing access to and sharing of high-resolution satellite imagery across humanitarian 
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agencies to assess damages and provide information to first responders. In 
2005, Hurricane Katrina demonstrated the use of mashups to create message boards 
and web portals, to locate shelters and missing persons (Laituri & Kodrich, 2008). 
The Haitian earthquake of 2010 identified how remote mappers could use high reso-
lution satellite imagery and the platform – OpenStreetMap – to map urban areas, 
road networks, buildings, and other infrastructure to share with on-site first-
responders and local mappers to assess and ground truth the rapidly generated new 
data (Radford, 2020). The Humanitarian OpenStreetMap team and Red Cross 
Missing Maps offer venues in response to disasters for remote and local community 
mappers to provide baseline data for under-mapped locations. These efforts have 
expanded who makes the map. Citizen science projects solicit participation from the 
public in scientific investigations. For example, the Cornell Lab of Ornithology and 
the National Audubon Society sponsor the Great Backyard Bird Count annually – a 
four-day event to identify, count, and share birding observations. Crowdsourcing 
refers to users contributing to specific mapping tasks. One example is OpenStreetMap, 
a platform to map the world – particularly under-mapped areas – created by volun-
teers termed a “community of mappers” (Craglia & Shanley, 2015, pg. 4).

�Virtual Geography: Interactive Maps and Data Dashboards

These types of interactive, web-based platforms have set the stage for the numerous 
data dashboards developed during the pandemic, creating an expansive virtual 
geography of the pandemic. Ivanković et al. (2021) examine 158 dashboards from 
53 countries developed by governmental agencies using both maps and graphs. Data 
dashboards use the tools of geospatial analysis to access big data, such as social 
media feeds and satellite imagery, and statistics. Interactive maps are embedded in 
interfaces for querying data across time and space. Creating these data dashboards 
demands a number of unique skills: coding, statistical understanding of data 
(COVID-19 case numbers, demographic data), methods to extract data from multi-
ple databases, access to real-time data, and visualization (choropleth maps, graphic 
design). Multiple software companies have created off-the-shelf templates to rap-
idly create data dashboards  – Esri, Tableau, and Microsoft Power BI (Pantino, 
2021). This intersection of government data, private software companies, the 
Internet, and public need demonstrates how geospatial approaches create linkages 
across sectors.

The virtual geography of the pandemic exposes several limitations of geospatial 
tools, platforms, and dashboards in describing local and regional geographies. Data 
are the backbone of stories about a virus that transcends political boundaries as it 
ebbs and flows around the world. However, data are limited. While data at the 
appropriate scale enables the telling of local stories that represent people and places, 
most data dashboards depict information at the country, state, and major city scale. 
Scale and resolution matter particularly when data that are too coarse can hide and 
obscure not only variables, but people represented by those variables (O’Neal, 
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2016). Our stories are only as good as the data we have. The data are constrained by 
what is collected (or not), how numbers are aggregated, the level of precision of data 
collection instruments, and algorithms. Maps and associated models are simplifica-
tions – “opinions embedded in mathematics” (O’Neal, 2016). The analyses under-
taken and shared on data dashboards need to include data sources, disclaimers, and 
limitations in the results presented as these representations of data are increasingly 
ubiquitous.

Use of off-the-shelf data dashboards has enabled multiple applications and 
enhanced access to pandemic information. However, these dashboards have built in 
defaults which may not reflect regional conditions and local needs requiring coding 
skills to modify and customize the interface. Coders have been in increased demand 
during the pandemic – but coders with multiple skills to analyze statistical data and 
understand the nuances of geospatial statistics are also needed and in limited supply. 
Open Watch Data describes the “data value chain” – availability, openness, dissemi-
nation, use and uptake – tracking best practices and guidelines from multiple orga-
nizations and users. Rudow, et al. (2021) provide an overview of lessons learned 
that include: the collection of timely data for rapid dissemination; adequate demo-
graphic data with an emphasis on gender, disabled people, and indigenous commu-
nities; attention to privacy; and improvement in data interoperability, standards, and 
data management.

�Geography of the Digital Divide

The virtual pandemic-scape also exposes the digital divide – a key driver of inequal-
ity in the digital age (CNUCED, 2020). This digital divide is characterized by a lack 
of access to basic technology such as computers and cell phones, inadequate Internet 
infrastructure of wires and networks, and a reliance on spatial modelling dependent 
on social media. The digital divide is still a problem where a lack of Internet ser-
vices and infrastructure limits access to schools, places of work, and other services 
(Lai & Widmar, 2021). Least developed countries lag behind in terms of digital 
readiness in terms of Internet accessibility, broadband quality, and mobile data 
costs. This digital divide inhibits and limits how geospatial tools, applications, and 
solutions can be used to address data-driven decision-making in many areas of the 
Global South. Additionally, the reliance of many models and algorithms on social 
media (a source of big data) emphasizes those who are connected. An examination 
of networks illuminated by twitter feeds, such as the COVID tracking project, not 
only reveals connectivity provided by mobile technologies (i.e., cell phones and 
global positioning systems) but also offers an avenue to identify gaps and exposing 
the emphasis on the built environment – often where the infrastructure exists vs. 
those areas where there may be limited infrastructure. How do the algorithms about 
these data impact those not adequately represented? Understanding and identifying 
under-represented populations in big data is essential for improved planning and 
data driven decision-making in a “post-virus” world.
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An established avenue of geographical research has been environmental moni-
toring (land use/land cover change) and modelling (climate change predictions) 
using Earth observation satellite imagery and geospatial analysis (Phiri & 
Morgenroth, 2017). Since 1972, Landsat has provided satellite imagery of the earth, 
enabling analysis of land use and land cover change. Improvements in imaging 
capability and enhanced sensors have expanded the use of remotely sensed data to 
analyse environmental conditions over time (Loveland & Dwyer, 2012). There are 
two examples of how these approaches have contributed to understanding this pan-
demic: the impacts of land use induced zoonotic “spillover” in opening avenues for 
disease transmission from wildlife to humans (Plowright et al., 2021); and the envi-
ronmental impacts of the “anthropause” due to the global lockdown and reduced 
human activity (Rutz et al., 2020).

Land use/land cover change analysis in the form of urban growth, hydroelectric 
dam construction, mining, and deforestation increase human/wildlife interaction 
(Grossman, 2021). The turn of the century saw a rapid expansion of the human 
footprint with intensifying development and urbanization in areas of rich biodiver-
sity and sensitive habitats (tropical forests) (Venter et al., 2016). Illegal bush meat 
markets and trafficking in wildlife across international borders yield lucrative eco-
nomic flows of cash and viral flows of disease with new avenues of movement 
(Swift et al., 2007). The use of satellite imagery, GPS tracker collars, and drones has 
been used to track wildlife movement patterns that may indicate suspicious activity 
and enforcement response due to wildlife trafficking (Wheeler, 2014). While wild 
animals are threatened by the bushmeat trade and wildlife trafficking, so too are 
humans who handle, prepare, and cook certain kinds of animals. Bats and pangolins 
have been cited as potential hosts for the type of coronavirus, a zoonotic disease that 
is also found in international bush markets (Quammen, 2020). In addition to mobile 
and satellite technology, phylogeny graphs – a form of genetic mapping, transmis-
sion diagrams of viral diffusion, and maps of contact tracing and disease spread 
contribute to illustrating the complex, geographic nature of epidemics. Other ana-
lytical tools include identifying hotspots of outbreaks of contagion through using 
integrated data about the numbers of disease cases, population density, settlement 
patterns, and transportation networks. Such an approach was used to create the 
Ebola Mapping Tools to create potential risk maps of future Ebola outbreaks based 
on environmental variables, such as bat habitat and Ebola outbreaks (Fortunati, 2016).

�Geographies of Transformation

The pandemic ushered in a year of lockdowns, quarantines, and isolation  – the 
Great Pause or anthropause (Rutz et al., 2020). An outcome of the Anthropause was 
the application of multiple geospatial applications to track changing patterns of the 
natural world in response to the pandemic. The consequential geography of a 
“human pause” had dramatic impacts on the natural world. Rutz et al. (2020) exam-
ine the impact on reduced human mobility and wildlife activity through creating a 
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bio-logging application using social media, sensor networks, and citizen scientists. 
The World Forum for Acoustic Ecology captures COVID-19 Soundscapes from 
around the world, integrating sound and space. Satellite imagery of night lights was 
used to assess the impacts on energy consumption, transportation, and social inter-
actions, linking spatio-temporal changes, population density, and anthropogenic 
light emissions (Rubinyi et al., 2020). The Great Pause gave us a moment to con-
sider the unintended consequences of slowing down the world where the pandemic 
constrained our physical space while expanding our virtual space.

The pandemic is a transformative event on the world stage. The consequential 
geography of the pandemic is central to examining the intertwined dynamics of 
biological and social phenomenon to identify impacts across different spatial scales, 
from the molecular to the global. Epidemics set the stage where social conditions – 
social and economic inequalities over time and place – amplify biological factors 
and exacerbate conditions of oppression. Initial waves of the Black Death 
(1347–1351) resulted in large scale population loss where famines, high levels of 
poverty, and low wages led to precarious conditions of health. Wealthier people 
could travel to the countryside; poorer people sheltered in place with death. 
Successive waves of the Black Death resulted in adaptive practices such as quaran-
tines, isolation, and social distancing. However, the resulting decline in population 
meant that labor was in demand and wages increased as Europe rebounded from the 
pandemic of the plague, changing social and economic patterns (Wright, 2020). 
Pandemics lead to discovery and changing attitudes and practices. In the early 
1800s, the coincidence of germ theory (infectious diseases caused by microbes) and 
the sanitary reform movement (clean water systems, sanitation, and safe housing 
regulation) reduced the transmission of deadly pathogens in European and US cities 
(Shah, 2020). New institutional structures were formed to manage sanitation prac-
tices such as boards of health and hospitals organized into specific wards (Shah, 
2020). We will experience multiple changes due to the COVID-19 pandemic which, 
as of this writing, is still apparent around the world.

The consequential geography of the pandemic exposes a landscape of inequality 
and vulnerable populations. The pandemic illuminates differential access to critical 
infrastructure for remote learning, availability of health care, and access to basic 
services. This crisis magnifies fundamental inequalities that require robust data to 
track the virus in at-risk populations as well as identify innovative solutions for both 
economic and community health at a local scale. Crime (Ceccato et  al., 2021), 
domestic violence (Brink et al., 2021), and corruption (Gallego et al., 2020) are all 
facets of the pandemic that are mapped, exposing the geographies of risk. The iden-
tification of vulnerable populations (who are they?), the landscape of inequity 
(where are they?), and what do they need (where are basic services?) are examples 
of how examining the contributions of geography and geospatial technologies can 
support place-based strategies for solutions.

We will need innovative approaches to address the long-term impacts of the pan-
demic. In May 2021, UNESCO declared environmental education for sustainable 
development as essential to the core curriculum to transform society and ensure 
human and planetary health and well-being. An integrated approach to education 
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built on environmental stewardship, civic engagement, and collaborative skills cen-
tred on place-based learning. Geography is central to this approach and the skillset 
associated with geospatial tools is inherently collaborative, enabling a robust work-
force. Additionally, the pandemic also reveals the need for conversations across 
disciplines for comprehensive, innovative solutions. The COVID-19 virus has cata-
lyzed an international research effort tracked and coordinated by WHO to conduct 
research that is cross-cutting and inclusive of both natural and social sciences. WHO 
has also identified 15 international laboratories that coordinate with national labs 
around the world to increase connectivity within the science community. Essential 
to this effort is the virtual geography that has emerged from the pandemic of sharing 
data, demonstrating interoperability, and using geospatial tools for place-based and 
data-driven decision-making. Our responsibility as geographers and geospatial stu-
dents, practitioners, and scientists is to ensure grounded, ethical, and sound scien-
tific approaches in addressing the profound problems we face.

References

Bakari, O., Zando, M., & Blaser, M. (2021). Opinion: COVID-19 lesson  – local data skills 
matter. DevEx World 2020: Global Views. https://www.devex.com/news/sponsored/
opinion-covid-19-lesson-local-data-skills-matter-98910

Ben-Ami, Y. (2021). How plagues shape the landscape. New York Times. https://www.nytimes.
com/2021/02/23/travel/epidemics-landmarks.html

Brink, J., Cullen, P., Beek, K., & Peters, S. (2021). Intimate partner violence during the COVID-19 
pandemic in Western and Southern European countries. The European Journal of Public 
Health., 31(5), 1058–1063. https://doi.org/10.1093/eurpub/ckab093

Bullard, R. (Ed.). (1993). Confronting environmental racism: Voices from the grassroots (1st ed.). 
South End Press.

Ceccato, V., Kahn, T., & Herrmann, C. (2021). Pandemic restrictions and spatiotemporal crime 
patterns in New York, Sao Paulo, and Stockholm. Journal of Contemporary Criminal Justice. 
https://doi.org/10.1177/10439862211038471

Chavez, B., & Lee, C. (1987). Toxic Wastes and race in the United State: A national report on 
the racial and socio-economic characteristics of communities with hazardous waste sites. 
Commission for Racial Justice, United Church of Christ. Public Data Access, Inc. http://
uccfiles.com/pdf/ToxicWastes&Race.pdf

Christakis, N. (2020). Apollo’s Arrow: The profound and enduring impact of the coronavirus on 
the way we live. Little, Brown Spark.

Conference des nations unies sur le commerce et le developpement (CNUCED). (2020. April 6). 
Coronovirus reveals need to bridge the digital divide. https://unctad.org/fr/node/2368

Craglia, M., & Shanley, L. (2015). Data democracy  – Increase supply of geospatial informa-
tion and expanded participatory processes in the production of data. International Journal of 
Digital Earth. https://doi.org/10.1080/17538947.2015.1008214

Cutter, S., Boruff, B., & Shirley, W. (2003). Social vulnerability to environmental hazards. Social 
Science Quarterly, 84(2), 242–261. https://doi.org/10.1111/1540-6237.8402002

Flanagan, B., Gregory, E., Hallisey, E., Heitgerd, J., & Lewis, B. (2011). A social vulnerability 
index for disaster management. Journal of Homeland Security and Emergency Management, 
8(1). https://doi.org/10.2202/1547-7355.1792

M. Laituri

https://www.devex.com/news/sponsored/opinion-covid-19-lesson-local-data-skills-matter-98910
https://www.devex.com/news/sponsored/opinion-covid-19-lesson-local-data-skills-matter-98910
https://www.nytimes.com/2021/02/23/travel/epidemics-landmarks.html
https://www.nytimes.com/2021/02/23/travel/epidemics-landmarks.html
https://doi.org/10.1093/eurpub/ckab093
https://doi.org/10.1177/10439862211038471
http://uccfiles.com/pdf/ToxicWastes&Race.pdf
http://uccfiles.com/pdf/ToxicWastes&Race.pdf
https://unctad.org/fr/node/2368
https://doi.org/10.1080/17538947.2015.1008214
https://doi.org/10.1111/1540-6237.8402002
https://doi.org/10.2202/1547-7355.1792


21

Fortunati, R. (2016). Mapping Ebola to prepare for future outbreaks. IHME (Institute for Health 
Metrics and Evaluation): Measuring What Matters. https://www.healthdata.org/acting-data/
mapping-ebola-prepare-future-outbreaks

Gallego, J., Prem, M., & Vargas, J. (2020). Corruption in the times of pandemic. https://www.
iq.harvard.edu/files/harvard-iqss/files/juan-vargas_corruptioncovid_v2.pdf

Gould, P. (1993). The Slow Plague: A geography of the AIDS pandemic. Wiley-Blackwell.
Grossman, D. (2021). The sentinels. Science, 6541. https://doi.org/10.1126/science.372.6541.450
Ivanković, D., Barbazza, E., Bos, V., Fernandes, Ó. B., Gilmore, K. J., Jansen, T., et al. (2021). 

Features constituting actionable COVID-19 dashboards: Descriptive assessment and expert 
appraisal of 158 public web-based COVID-19 dashboards. Journal of Medical Internet 
Research, 23(2), e25682. https://doi.org/10.2196/25682

Johnson, S. (2006). The Ghost Map: The story of London’s most terrifying epidemic – and how it 
changed science, cities and the modern world. Riverhead Books.

Khanna, P. (2016). Connectography: Mapping the future of global civilization. Random House.
Lai, J., & Widmar, N.  O. (2021). Revisiting the digital divide in the COVID-19 era. Applied 

Economic Perspectives and Policy, 43(1), 458–464. https://doi.org/10.1002/aepp.13104
Laituri, M. (2021). Mapping spatial justice for marginal societies. In J.  P. Wilson (Ed.), The 

geographic information science & technology body of knowledge. https://doi.org/10.22224/
gistbok/2021.1.6

Laituri, M., & Kodrich, K. (2008). Online disaster response community: People as sensors of high 
magnitude disasters using internet GIS. Sensors, 8(5). https://doi.org/10.3390/s8053037

Laituri, M., Linn, S., Carver, D., Brazenwood, A., Chamberlain, L., Gudmestad, S., Norris, 
C. (2020). The geography of COVID-19, Parts 1 – 4. https://gis.colostate.edu/blog/

Loveland, T., & Dwyer, J. (2012). Landsat: Building a strong future. Remote Sensing of 
Environment, 122. https://doi.org/10.1016/j.rse.2011.09.022

National Research Council (NRC). (2006). Learning to think spatially (p. 10.17226/11019). The 
National Academies Press.

O’Neal, C. (2016). Weapons of math destruction: How big data increases inequality and threatens 
democracy. Crown.

Pantino, M. (2021). The rise of the pandemic dashboard. Bloomberg CityLab. https://www.bloom-
berg.com/news/features/2021-09-25/why-every-government-needs-a-covid-dashboard

Phiri, D., & Morgenroth, J. (2017). Developments in landsat land cover classification methods: A 
review. Remote Sensing, 9. https://doi.org/10.3390/rs9090967

Plowright, R.  K., Reaser, J.  K., Locke, H., Woodley, S.  J., Patz, J.  A., Becker, D.  J., et  al. 
(2021). Land use-induced spillover: A call to action to safeguard environmental, animal, 
and human health. The Lancet Planetary Health, 5(4), e237–e245. https://doi.org/10.1016/
S2542-5196(21)00031-0

Preston, J. (1972). All possible worlds: A history of geographical ideas. Odyssey Press.
Quammen, D. (2020). Did pangolin trafficking cause the coronavirus pandemic? The New Yorker. https://

www.newyorker.com/magazine/2020/08/31/did-pangolins-start-the-coronavirus-pandemic
Radford, T. (2020) Reflecting on HOT and the humanitarian mapping community. Closing remarks 

form 2020 Humantarian OpenStreetMap Summit. https://www.hotosm.org/updates/reflecting-
on-hot-and-the-humanitarian-mapping-community-hot-executive-director-tyler-radfords-clos-
ing-remarks-from-the-2020-humanitarian-openstreetmap-summit/

Rubinyi, S., Goldblatt, R., & Park, H. (2020). Nighttime lights are revolutionizing the way 
we understand COVID-19 and our world. World Bank Blogs. https://blogs.worldbank.org/
sustainablecities/nighttime-lights-are-revolutionizing-way-we-understand-covid-19-and-
our-world

Rudow, C., Baldi, E., & the Open Data Watch Team. (2021). A year of data insights 
in the time of COVID-19. Open Data Watch blog. https://opendatawatch.com/
blog/a-year-of-data-insights-in-the-time-of-covid-19/

Rutz, C., Loretto, M., Bates, A., Davidson, S., Duarte, C., Jetz, W., Johnson, M., Kato, A., Kays, R., 
Mueller, T., Primack, R., Ropert-Coudert, Y., Tucker, M., Wikelski, M., & Cagnacci, F. (2020). 

2  Geography of the Pandemic

https://www.healthdata.org/acting-data/mapping-ebola-prepare-future-outbreaks
https://www.healthdata.org/acting-data/mapping-ebola-prepare-future-outbreaks
https://www.iq.harvard.edu/files/harvard-iqss/files/juan-vargas_corruptioncovid_v2.pdf
https://www.iq.harvard.edu/files/harvard-iqss/files/juan-vargas_corruptioncovid_v2.pdf
https://doi.org/10.1126/science.372.6541.450
https://doi.org/10.2196/25682
https://doi.org/10.1002/aepp.13104
https://doi.org/10.22224/gistbok/2021.1.6
https://doi.org/10.22224/gistbok/2021.1.6
https://doi.org/10.3390/s8053037
https://gis.colostate.edu/blog/
https://doi.org/10.1016/j.rse.2011.09.022
https://www.bloomberg.com/news/features/2021-09-25/why-every-government-needs-a-covid-dashboard
https://www.bloomberg.com/news/features/2021-09-25/why-every-government-needs-a-covid-dashboard
https://doi.org/10.3390/rs9090967
https://doi.org/10.1016/S2542-5196(21)00031-0
https://doi.org/10.1016/S2542-5196(21)00031-0
https://www.newyorker.com/magazine/2020/08/31/did-pangolins-start-the-coronavirus-pandemic
https://www.newyorker.com/magazine/2020/08/31/did-pangolins-start-the-coronavirus-pandemic
https://www.hotosm.org/updates/reflecting-on-hot-and-the-humanitarian-mapping-community-hot-executive-director-tyler-radfords-closing-remarks-from-the-2020-humanitarian-openstreetmap-summit/
https://www.hotosm.org/updates/reflecting-on-hot-and-the-humanitarian-mapping-community-hot-executive-director-tyler-radfords-closing-remarks-from-the-2020-humanitarian-openstreetmap-summit/
https://www.hotosm.org/updates/reflecting-on-hot-and-the-humanitarian-mapping-community-hot-executive-director-tyler-radfords-closing-remarks-from-the-2020-humanitarian-openstreetmap-summit/
https://blogs.worldbank.org/sustainablecities/nighttime-lights-are-revolutionizing-way-we-understand-covid-19-and-our-world
https://blogs.worldbank.org/sustainablecities/nighttime-lights-are-revolutionizing-way-we-understand-covid-19-and-our-world
https://blogs.worldbank.org/sustainablecities/nighttime-lights-are-revolutionizing-way-we-understand-covid-19-and-our-world
https://opendatawatch.com/blog/a-year-of-data-insights-in-the-time-of-covid-19/
https://opendatawatch.com/blog/a-year-of-data-insights-in-the-time-of-covid-19/


22

COVID-19 lockdown allows researchers to quantify the effects of human activity on wildlife. 
Nature Ecology & Evolution, 4. https://doi.org/10.1038/s41559-020-1237-z

Shah, S. (2020). It’s time to tell a new story about the coronavirus—Our lives depend on it. The 
Nation. https://www.thenation.com/article/society/pandemic-definition-covid/

Snowden, F. (2019). Epidemics and society: From the Black Death to the present. Yale Press.
Soja, E. (2010). Seeking spatial justice. University of Minnesota Press.
Swift, L., Hunter, P. R., Lees, A. C., & Bell, D. J. (2007). Wildlife trade and the emergence of 

infectious diseases. EcoHealth, 4(1), 25. https://doi.org/10.1007/s10393-006-0076-y
Tate, E., Cutter, S., & Berry, M. (2010). Integrated multihazard mapping. Environment and 

Planning B: Urban analytics and City Science. https://doi.org/10.1068/b35157
Tomlinson, R. (2003). Thinking about GIS: Geographic information system planning for manag-

ers. Esri Press.
Torre, A. (2008). A “spatial turn” in history? Landscapes, visions, resources. Annales. Histoire, 

Science Sociales, 63(5). https://www.cairn-int.info/journal-annales-2008-5-page-1127.
htm?contenu=article

Tufte, E. (1997). Visual explanations: Images and quantities, evidence and narrative. 
Graphics Press.

Tufte, E. (2002). The visual display of quantitative information. Graphics Press.
Venter, O., Sanderson, E.  W., Magrach, A., Allan, J.  R., Beher, J., Jones, K.  R., et  al. (2016). 

Sixteen years of change in the global terrestrial human footprint and implications for biodiver-
sity conservation. Nature Communications, 7(1), 1–11. https://doi.org/10.1038/ncomms12558

Wheeler, J. (2014). Declaration of illegal wildlife trade: Opportunities for satel-
lites. Via Satellite. https://www.satellitetoday.com/uncategorized/2014/03/26/
declaration-on-illegal-wildlife-trade-opportunities-for-satellite/

Winskill, P., Whittake, C., Walker, P., Watson, O., Laydon, D., … & Ghani, A. (2020). Report 
22: Equity in responses to the COVID-19 Pandemic: An assessment of the direct and indirect 
impacts on disadvantaged and vulnerable populations in low- and lower middle-income coun-
tries. Imperial College London. https://doi.org/10.25561/78965

World Health Organization (WHO). (2015). WHO issues best practices 
for naming new human infectious diseases. https://www.who.int/news/
item/08-05-2015-who-issues-best-practices-for-naming-new-human-infectious-diseases

Wright, L. (2020). Crossroads: A scholar of the plague things that pandemics wreak havoc  – 
and open minds. The New  Yorker. https://www.newyorker.com/magazine/2020/07/20/
how-pandemics-wreak-havoc-and-open-minds

M. Laituri

https://doi.org/10.1038/s41559-020-1237-z
https://www.thenation.com/article/society/pandemic-definition-covid/
https://doi.org/10.1007/s10393-006-0076-y
https://doi.org/10.1068/b35157
https://www.cairn-int.info/journal-annales-2008-5-page-1127.htm?contenu=article
https://www.cairn-int.info/journal-annales-2008-5-page-1127.htm?contenu=article
https://doi.org/10.1038/ncomms12558
https://www.satellitetoday.com/uncategorized/2014/03/26/declaration-on-illegal-wildlife-trade-opportunities-for-satellite/
https://www.satellitetoday.com/uncategorized/2014/03/26/declaration-on-illegal-wildlife-trade-opportunities-for-satellite/
https://doi.org/10.25561/78965
https://www.who.int/news/item/08-05-2015-who-issues-best-practices-for-naming-new-human-infectious-diseases
https://www.who.int/news/item/08-05-2015-who-issues-best-practices-for-naming-new-human-infectious-diseases
https://www.newyorker.com/magazine/2020/07/20/how-pandemics-wreak-havoc-and-open-minds
https://www.newyorker.com/magazine/2020/07/20/how-pandemics-wreak-havoc-and-open-minds


23

Chapter 3
Defining First- and Second-Order Impacts 
Through Maps

Robert B. Richardson 

�Introduction

The impacts of the COVID-19 pandemic have been significant and wide-ranging, 
and they have touched nearly every dimension of the human experience globally, 
even as the effects have been felt unevenly. It is important to emphasize that the 
impacts of the pandemic are also still ongoing, and our understanding of its effects 
on our lives—across time and space—is still emerging as the novel coronavirus 
continues to spread globally. This chapter introduces a characterization of the 

Personal Story
My personal experience during the COVID-19 pandemic is delineated into 
two distinct phases. The first phase was a lockdown, but with the companion-
ship of a pet. I had just relocated to Washington, DC, USA for a one-year 
fellowship, and I was accompanied by my 14-year-old dog and quarantine 
buddy, Toohey. Typically, I would have been at work at my university campus 
for around 8 hours a day, but in this new era, I worked from home every day 
with Toohey at my side. She and I went for long walks in our new city, visiting 
parks and trails, and meeting the neighbors, and we grew more attached to 
each other in this new lockdown lifestyle. However, a year into the pandemic, 
Toohey’s physical health and quality of life diminished quickly, and it became 
apparent that I had to say goodbye to her. At 15 years old and in frail condi-
tion, it was time to let her go. Thus began the second phase of the pandemic, 
which for me has been marked by mixed emotions, including grief, gratitude, 
and loneliness, but also relief in knowing that rapidly developed vaccines will 
help us end this global crisis. In this second phase, I miss Toohey a great deal, 
and I still feel her absence. The one-year fellowship in Washington, DC, has 
ended, and I now look forward to a new chapter of life, without Toohey, even 
as the story of the pandemic continues to unfold.

R. B. Richardson (*) 
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impacts of the COVID-19 pandemic and defines both the direct and indirect effects 
of the virus and of efforts to contain it and mitigate its negative consequences. In 
addition, the chapter describes how these impacts can be better understood 
through maps.

The virus initially emerged with the first known case in Wuhan, China, in 
December 2019, and it quickly became a global concern. On January 30, 2020, the 
World Health Organization (WHO) declared the coronavirus a Public Health 
Emergency of International Concern (WHO, 2020a). Soon after, on March 11, 
2020, the WHO Director-General announced that the COVID-19 disease could be 
characterized as a pandemic because of the alarming levels of spread, severity, and 
inaction. Since that time, numerous institutions have provided near real-time data 
dashboards with information about daily new cases and deaths (e.g., CDC, 2020; 
JHU, 2020; WHO, 2020b), and each of these resources uses maps at different scales 
to depict the spread of known infections, and the locations where severe cases have 
led to deaths. These institutions provide a range of practical online and mobile map-
ping dashboards and applications for tracking the COVID-19 pandemic and associ-
ated events as they unfold around the world over time (Boulos & Geraghty, 2020). 
These data and their associated maps communicate information about the direct 
effects of the virus and cases of the COVID-19 disease—that is, the first-order 
impacts of the pandemic. This information has been critical to efforts to contain the 
outbreak of the virus and mitigate its effects.

As the virus spread globally, governments, communities, businesses, and indi-
viduals responded with a variety of actions, policies, and behaviors aimed at con-
taining the spread of the virus. Local responses included the rapid deployment of 
testing capacity and contact tracing. Other measures ranged from travel restrictions 
and border closures to the suspension of in-person education at all levels, the clo-
sure of office activities, face covering requirements, and social distancing guide-
lines. These responses to the COVID-19 pandemic, in turn, sparked a wave of 
second-order impacts that will likely continue to be felt globally for years, including 
a global economic crisis. Second-order impacts have specific ramifications and tan-
gible consequences that derive from human responses to the pandemic, rather than 
from the virus itself (Laituri et al., 2021). For example, the pandemic has exacer-
bated pre-existing inequities in areas such as income inequality, poverty, and food 
insecurity, effectively reversing previous gains and setting back hard-earned prog-
ress toward sustainable development. Some of these second-order impacts can be 
easily measured, analyzed, and mapped, such as economic impacts, migration, 
shifts in demographic trends, and other effects for which data are available. Other 
second-order impacts may be more difficult to measure, such as the effects of the 
disruption in traditional learning in schools, the psychological effects of increased 
social isolation, and the effects of misinformation about the virus on trust in science 
and institutions. Nevertheless, measuring and mapping the second-order impacts of 
the COVID-19 pandemic will be crucial in mitigating negative effects and inform-
ing investments in recovery and resilience.

Many research questions related to the impacts of the COVID-19 pandemic are 
geographic in nature, as emphasized in Chap. 1 of this volume. The first- and 
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second-order impacts of the pandemic are seasonal, spatial, and scalar across mul-
tiple sectors of society, and geospatial approaches to examining these impacts can 
be useful to policy makers and inform their efforts to mitigate their negative effects 
(Laituri et al., 2021). Not surprisingly, the virus and the COVID-19 disease have 
inspired the rapid publication of research related to the pandemic across many sci-
entific disciplines, and many researchers have used geospatial approaches for exam-
ining, tracking, and projecting the many impacts of the pandemic. Much of this 
published research acknowledges the limitations and challenges associated with 
geospatial applications, such as time, space, and scale, as well as other challenges 
associated with data collection during a pandemic, and the need to minimize contact 
in order to contain the spread of the disease.

Early in the pandemic, the scientific and medical communities quickly recog-
nized that a global response to contain the spread of the virus would certainly 
involve some sort of immunization program. Developing, testing, approving, and 
deploying effective vaccines to increase immunity to the virus became a global 
priority. Vaccine development is typically a lengthy and arduous process that has 
required 10–15 years to accomplish; the fastest a vaccine has ever been developed, 
the mumps vaccine in 1967, took 4 years (Roos, 2021). By July 2020, two biophar-
maceutical companies—Pfizer and Moderna—emerged as leaders in the race to 
develop a COVID-19 vaccine using rapidly-deployed clinical trials. The Pfizer vac-
cine—developed in collaboration with the German-based BioNTech—was approved 
for WHO Emergency Use Listing in December 2020, and this approval was soon 
followed by the listing for the vaccines developed by AstraZeneca, Johnson & 
Johnson, Moderna, and others in early 2021 (WHO, 2021). These actions sparked a 
global movement to vaccinate the public, and maps depicting vaccination rates by 
country were soon part of many COVID-19 data dashboards. Vaccinations continue 
to be tracked and mapped, although vaccination rates vary widely by country, 
depending on vaccine availability, deployment capacity, and public willingness to 
receive the injection.

�Mapping First-Order Impacts

Maps have been central to the story of the COVID-19 pandemic and its first-order 
impacts. The proliferation of interactive maps related to the first-order impacts of 
the pandemic has been an important contribution towards better understanding the 
evolving threat of the virus. Since the onset of the pandemic, information related to 
daily new cases, hospitalizations, and deaths from COVID-19 has been collected 
and published on the websites of numerous public health institutions (e.g., CDC, 
2020; JHU, 2020; WHO, 2020b), and each of them portrays this information spa-
tially using maps at different scales—from county to nation to world maps (Boulos 
& Geraghty, 2020). These choropleth maps illustrate the prevalence of the disease 
using shaded colors of countries by rates of transmission. Daily rates of new infec-
tions are reported as average daily cases per 100,000 people, which allows for 
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comparison across jurisdictions with different population sizes. Average daily cases 
are provided as the average number of new cases a day for the past 7 days, as a 
seven-day rolling average is calculated to smooth out fluctuations in daily case 
count reporting (CDC, 2021; Mayo Clinic, 2021). These maps and data dashboards 
highlight the importance of sharing and visualizing public data in the interests of 
public health (Laituri et  al., 2021). Tracking these maps of daily new cases and 
deaths from COVID-19 became a daily routine for many people, and the maps and 
data were provided on news media sites around the world. In addition, these maps 
were used by policymakers to identify hot spots and trends and respond with actions 
aimed at protecting public health.

The COVID-19 pandemic has enabled and accelerated scientific research across 
many disciplines, and numerous publications using geospatial approaches have 
examined the spread of the virus, mapped infection hot spots, and analyzed death 
rates. Incorporating geographic information systems (GIS) into COVID-19 pan-
demic surveillance, modeling, and response enhances understanding and control of 
the disease. Applications of GIS include (i) surveillance and data sharing, (ii) infec-
tious disease forecasting, (iii) digital contact tracing, (iv) integrating geographic 
data in COVID-19 modeling, (v) investigating geographic social vulnerabilities and 
health disparities, and (vi) communicating the status of the outbreak or status of 
facilities for return-to-normal operations (Smith & Mennis, 2020). The locations 
and availability of personal protective equipment, ventilators, hospital beds, and 
other items can be optimized with the use of GIS and other geospatial approaches to 
examining and managing the virus. There are numerous challenges in applications 
of GIS, including the protection of individual privacy and civil liberties and the 
integration of knowledge from geography with the fields of medicine, public health, 
and public policy (Kim et al., 2021). However, geospatial technologies may provide 
a balanced solution for enabling effective use of location-based data while protect-
ing citizens’ privacy. For example, developing innovative spatio-temporal comput-
ing and aggregation algorithms could enable the efficient extraction of population 
flows from less sensitive social media data (Yang et al., 2020).

In a scoping review of the geospatial techniques and associated findings in rela-
tion to the characteristics of the pandemic, Fatima et al. (2021) provided a synthesis 
of published, peer-reviewed journal articles based on the spatial analysis of 
COVID-19. The authors found that researchers used a wide range of spatial and 
statistical software to apply spatial analysis for the purpose of disease mapping, 
exposure mapping, and epidemiological modeling. Factors limiting the use of these 
spatial techniques included the limited availability and bias of COVID-19 data—as 
well as the scarcity of fine-scaled demographic, environmental, and socioeconomic 
data—which restrained most of the researchers from exploring causal relationships 
of potential influencing factors of COVID-19. Most of the studies found centered on 
Asia and the Americas, which highlights the need for more comparable spatial stud-
ies using geographically fine-scaled data in other areas of the world.

Geospatial technologies have been critical tools for tracking the spread of the 
virus, examining transmission rates, and mapping death counts worldwide (Ahasan 
et al., 2020). These technologies have aided local and national decision makers in 
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their efforts to slow the spread of the virus and contain the COVID-19 disease. 
Multiple data dashboards and maps have been developed to track global and 
country-level data and depict geographic visualizations of cases, hospitalizations, 
and deaths that allow for the dissemination of vital information in the interests of 
public health.

�Mapping Second-Order Impacts

Early in the pandemic, responses to the novel coronavirus were implemented swiftly 
and ranged from executive actions such as business closures, travel restrictions, and 
lockdowns, to individual actions such as changes in consumption patterns, the use 
of face coverings, and maintaining physical distance from others. These responses 
triggered wide-ranging second-order impacts of the pandemic, such as increased 
unemployment, migration, and food insecurity, among others (Laituri et al., 2021). 
The COVID-19 pandemic has interrupted the functioning of social and economic 
systems worldwide in ways that are evolving and are not yet fully understood. 
Disruptions to education, income losses, mental health effects, and socio-political 
divisions related to the virus and the efficacy of vaccines are just a few examples of 
second-order impacts of the pandemic. There is evidence that COVID-19 has had 
significantly negative effects on psychological well-being, in part because of loneli-
ness, social isolation, and the added anxiety and stress related to coping with the 
changes associated with the pandemic (Groarke et al., 2020; Okruszek et al., 2020). 
Furthermore, research has shown that the COVID-19 pandemic has exacerbated 
gender, racial, and economic inequality (Alon et al., 2020; Abedi et al., 2021).

The World Bank maintains the COVID-19 Household Monitoring Dashboard, 
one of the most comprehensive sources of second-order impacts of the COVID-19 
pandemic across developing regions (World Bank, 2021). The Dashboard provides 
data and maps depicting the socioeconomic impacts of COVID-19 on households 
and individuals across 72 countries, based on 142 harmonized indicators across 16 
topics ranging from education and income to food security, health, and housing, 
among others. The indicators are based on high-frequency phone surveys, and the 
Dashboard allows for comparisons among countries and over time. Figure 3.1 pro-
vides an example of a map of these countries depicting the share of the working 
population that stopped working since the COVID-19 outbreak. The Dashboard 
reveals a complex spatio-temporal story about the pandemic, including information 
about the actions taken to cope with the impacts of the pandemic, such as reducing 
consumption or selling assets to pay for basic living expenses.

The coronavirus outbreak led to severe consequences in significant sectors of the 
global economy (Sharma et  al., 2021). The economic impacts of the COVID-19 
pandemic can be measured and mapped to portray spatial and temporal information 
about trends in unemployment, wages, spending, and prices for basic goods and 
services, among others (Chetty et al., 2020). A group of scholars, in collaboration 
with Opportunity Insights, developed an online economic tracker that monitors the 
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Fig. 3.1  Map of 72 countries depicting the share of respondents to a high-frequency phone survey 
that stopped working since the COVID-19 outbreak. (Source: World Bank, 2021 © 2022 Mapbox, 
© OpenStreetMap)

economic impacts of COVID-19 on people, businesses, and communities across the 
United States in real time (Opportunity Insights, 2021). The Economic Tracker pro-
vides data and visualizations that depict trends in economic indicators since the 
beginning of the pandemic, including consumer spending, small business revenue, 
and employment, among others. The Economic Tracker is interactive, and indica-
tors can be mapped to allow for visual comparison between states or counties.

The economic impacts of the COVID-19 pandemic have been most acutely and 
widely faced in areas where the hospitality and tourism sectors are important to 
regional economies (Laituri et al., 2021). Indicators of these impacts include trends 
in air travel, hotel bookings, restaurant revenues, and visitation to attractions, and 
this information can be collected as data and mapped to understand trends in the 
travel and tourism industries, including their impacts from the pandemic and rates 
of recovery. Research on the impacts of the COVID-19 pandemic on the tourism 
sector has expanded rapidly, and the literature on this topic has been summarized in 
an integrative review that identifies important gaps and highlights a future research 
agenda (Zopiatis et al., 2021). Geospatial approaches have been applied to map and 
assess the economic impacts of the COVID-19 pandemic on tourism that has 
expanded rapidly to include studies on tourism in China (Qiu et al., 2020), India 
(Chandel et al., 2021; Singh et al., 2021), Nepal (Sah et al., 2020), and South Africa 
(Rogerson & Rogerson, 2020), among others.

Food insecurity has risen sharply during the pandemic, particularly in urban 
areas. The United Nations World Food Programme (WFP) estimates that 768 mil-
lion people faced chronic hunger in 2020, up nearly 20% from 2019 (WFP, 2021). 
Urban food security has deteriorated during the COVID-19 pandemic in part 
because of disruptions to national and globalized food supply chains that drove up 
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food prices, highlighting concerns about the vulnerability of food systems (Laborde 
et al., 2020). WFP has developed the HungerMapLIVE dashboard to track and predict 
key aspects of food insecurity every day, including key indicators such as the num-
ber of people with insufficient food consumption and those employing crisis-level 
or above coping strategies. HungerMap provides maps and other visualizations 
depicting various dimensions of food security at global, national, and subnational 
levels. Indicators include the prevalence of insufficient food consumption and acute 
malnutrition, along with spatial markers representing some of the drivers of food 
insecurity, such as conflict, hazards, drought, and economic shocks.

In addition, the NASA Harvest COVID-19 Dashboard provides worldwide data 
and maps depicting regional trends in virus cases by country, as well as measures of 
food security, crop conditions, trade, and market prices for food and other com-
modities (NASA, 2021). The Dashboard is part of the NASA Harvest Portal, which 
aims to enable and advance adoption of satellite Earth observations to benefit food 
security, agriculture, and human and environmental resilience worldwide.

One of the most significant social impacts of the COVID-19 pandemic is the 
disruption to education at all levels. The suspension of in-person learning in schools 
prompted changes in the delivery of education that ranged from digital learning 
platforms and online classes to the provision of learning resources via radio and 
television (Tadesse & Muluye, 2020). School closures have been substantial and 
uneven across countries. The United Nations maintains data dashboards on the 
global monitoring of school closures caused by the COVID-19 pandemic, including 
visualizations depicting regional and country-level data. Early in the pandemic, on 
April 1, 2020, schools and higher education institutions were closed in 185 coun-
tries, affecting more than 1.5 billion learners, or 89.4% of total enrolled students 
(UNESCO, 2021). Their data show that poorer countries reported the longest aver-
age duration of closures, widening the learning gap between countries. Availability 
of remote learning modalities has varied widely by socioeconomic levels. Research 
has suggested that the global lockdown of educational institutions during the pan-
demic will cause long-term interruptions in students’ learning and development, 
and that learning losses due to COVID-19 school closures could continue to accu-
mulate even after students return (Kaffenberger, 2021).

The outbreak of COVID-19 has affected global mobility in complex and unprec-
edented ways in the form of various travel restrictions, suspensions of air travel, and 
border closures imposed by governments and authorities since the onset of the pan-
demic. To better understand this, the UN International Organization for Migration 
(IOM) has developed a global mobility database to map these impacts on human 
mobility, across global, regional. and country levels (IOM, 2022). Figure 3.2 pro-
vides a map of countries depicting the operational status at various points of entry, 
including airports, land borders, and maritime borders.

Since human movement is an important driver of the transmission of infectious 
diseases (Kraemer et al., 2019), geospatial data sources, such as public transporta-
tion use, geotagged social media data, and mobile phone data, can be used to detect 
and map such movement (Yang et  al., 2020), although using such data to track 
human mobility prompts privacy concerns (de Montjoye et al., 2018; Kim & Kwan, 
2021). The COVID-19 pandemic has significant implications for migrant workers, 
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Fig. 3.2  Map of countries depicting the operational status of points of entry. (Source: IOM, 2022 
© 2022 TomTom, © 2022 Microsoft Corporation, © OpenStreetMap)

livelihoods, and remittance flows in numerous regions throughout the world (Laituri 
et  al., 2021). Reverse migration—from urban to rural areas—has been a major 
second-order impact of COVID-19 primarily because of job losses, and one study 
described the effect as the largest mass migration in India in nearly 75 years (Mukhra 
et al., 2020). Figure 3.3 provides a map of India depicting the flows of migrants 
across states in response to the outbreak of COVID-19.

The environmental impacts of the COVID-19 pandemic have largely reflected 
the changes in human behavior globally. Numerous case studies have documented 
improvements in air quality, particularly in cities where lockdown measures were 
implemented in response to the spread of the virus. As such, these areas have been 
marked by a decrease in industrial activity and automobile travel, and a decline in 
greenhouse gas emissions in the short-term. Geospatial applications have been used 
to assess the effects of pandemic-induced lockdown measures on air quality in 
regional, country, and city scales in the South and Southeast Asian regions using 
satellite-based data (Roy et al., 2021). Other studies have found similar improve-
ments in air quality from lockdown measures in Brazil (Nakada & Urban, 2020), 
China, (Xu et al., 2020), Ecuador (Zalakeviciute et al., 2020; Zambrano-Monserrate 
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Fig. 3.3  Map of India depicting the migration trends between states. (Source: Mukhra et al., 2020)

& Ruano, 2020), Egypt (Mostafa et al., 2021), India (Singh & Chauhan, 2020), and 
the United Kingdom (Ropkins & Tate, 2021).

Research has also shown that the rapid decline in tourism activity in many 
regions has been associated with temporarily improved environmental conditions, 
such as reduced noise pollution, litter, and coastal water pollution (Cecchi, 2021; 
Ormaza- González et al., 2021). However, some studies have provided evidence that 
changes in household consumption during the pandemic have generated greater vol-
umes of municipal waste, including packaging from shipments, household waste, 
personal protective equipment, and medical waste (Mostafa et al., 2021), which has 
created additional burden on waste management systems and recycling centers 
(Kulkarni & Anantharama, 2020).

Other research has focused on the flows of information during the pandemic, 
including the political polarization and social divisions that have been exacerbated 
during the COVID-19 outbreak (Jiang et al., 2020). Some studies have used geospa-
tial applications to map the worldwide spread of misinformation and conspiracy 
theories about coronavirus (Stephens, 2020). Such misinformation has contributed 
to a rejection of COVID-19 containment measures, vaccine hesitancy, and eroding 
trust in science (Morgan et al., 2021).
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�Conclusion

Modern geospatial technologies that integrate web-based tools, improved data shar-
ing, and real-time information provide critical support to public and private decision-
making (Boulos & Geraghty, 2020). COVID-19 dashboards are based on the 
integration of these elements, and they have been vital tools for sharing information 
and advancing awareness of the spread of the SARS-CoV-2 coronavirus. 
Communication through map-based dashboards offers accessible information to 
people around the world eager to protect themselves and their communities. 
Furthermore, these dashboards are useful to policymakers and other decision mak-
ers who aim to lessen the downstream effects of the ongoing transmission of the 
disease. This chapter introduced merely a few examples of geospatial applications 
that examine the second-order impacts of COVID-19, and the body of knowledge 
that uses maps to convey information about the impacts of the pandemic continues 
to expand. However, these examples highlight the vast potential for geospatial 
approaches to investigate the impacts of COVID-19. Maps and other visualizations 
have been central to understanding both first- and second-order impacts of the 
COVID-19 pandemic across space and time, and at different scales, and they can be 
valuable tools for identifying and mitigating the most negative impacts.

Disclaimer  The views expressed in this report are solely those of the authors and do not represent 
those of the US government agencies or any of the organizations mentioned. Assumptions made 
within the analysis are not a reflection of the position of any U.S. government entity.
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Chapter 4
Quantitative Geographical Approaches 
in COVID-19 Research: A Review on First- 
and Second-Order Impacts

Junghwan Kim , Kevin Wang , and Sampath Rapuri 

�Introduction

Quantitative geographical approaches, such as spatial and spatiotemporal modeling 
and geo-visualizations, have played a pivotal role in COVID-19 research (Boulos & 
Geraghty, 2020; McLafferty et al., 2021). For example, COVID-19 data and map 
dashboards have served as an effective means of providing important COVID-19 
pandemic information to the public as well as to policymakers. Moreover, 
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researchers have developed and utilized various spatial and spatiotemporal models 
to enhance our understanding of virus transmission and changes in the behaviors of 
individuals (e.g., policy compliance). These quantitative geographical approaches 
are particularly important for public health policymakers to better formulate 
evidence-based COVID-19 mitigation measures, such as mobility restrictions.

It has become important to provide an overview of the role of quantitative geo-
graphical approaches in COVID-19 research. It allows researchers to understand the 
critical role of quantitative geographical approaches in COVID-19 research com-
prehensively. Moreover, it enables researchers to identify critical knowledge gaps 
that may pertain to developing effective pandemic mitigation methods. In this light, 
some previous studies provided an overview of the role of quantitative geographical 
approaches in COVID-19 research. For example, Franch-Pardo et al. (2021) discov-
ered that a growing number of studies have been utilizing quantitative geographical 
methods to investigate virus transmission during the COVID-19 pandemic. Fatima 
et  al. (2021) provided an in-depth review of 38 papers and identified clustering, 
hotspot analysis, space-time scan statistics, and regression modeling methods as 
popular approaches.

Although these previous studies provide a valuable overview of the role of quan-
titative geospatial approaches in COVID-19 research, we argue that there is a sig-
nificant research gap. These previous studies largely focused on first-order impacts 
of the COVID-19 pandemic while overlooking second-order impacts. First-order 
impacts indicate immediate health-related impacts of the COVID-19 pandemic, 
such as COVID-19 transmission and increases in confirmed cases and deaths 
(Laituri et  al., 2021). Second-order impacts indicate secondary impacts of the 
COVID-19 pandemic on various sectors of our daily life, including social, eco-
nomic, and environmental aspects (Laituri et al., 2021). Since the COVID-19 pan-
demic has substantially impacted almost every aspect of our lives and society, it is 
critical to review how quantitative geospatial methods have been used to investigate 
second-order impacts in addition to the first-order impacts that previous studies 
have reviewed. In other words, despite a few exceptions (Laituri et al., 2021), many 
previous studies (e.g., Franch-Pardo et al., 2020, 2021; Fatima et al., 2021) did not 
pay much attention to reviewing studies on second-order impacts.

This chapter fills this significant research gap by reviewing studies that adopted 
quantitative geographic approaches for COVID-19 research on both first-order and 
second-order impacts. Specifically, we ask two research questions: RQ1. What is 
the role of quantitative geospatial approaches in COVID-19 research focusing on 
first-order impacts? RQ2. What is the role of quantitative geospatial approaches in 
COVID-19 research focusing on second-order impacts? To answer these questions, 
we calculated metrics, such as the number of peer-reviewed academic research 
papers in terms of the journal, the study area, and the research topic. We also uti-
lized a text analysis approach to create word clouds illustrating the frequency of 
words used in the titles of the papers.
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�Data and Methods

We created a database of peer-reviewed academic research papers that adopted 
quantitative geographical approaches for COVID-19 research. We focused on 45 
journals in the fields of geography, geographic information science (GIScience), 
and urban and regional planning (Table 4.1). We selected general geography jour-
nals (e.g., Applied Geography) rather than journals that focus on specific topics 
(e.g., Journal of Transport Geography) because we aimed at investigating diverse 
research topics that quantitative geographers in general widely study. However, as 
an exception, we purposefully included journals directly related to health and medi-
cal geography (e.g., Health and Place) because not doing so would exclude impor-
tant papers that adopted quantitative geographical approaches for COVID-19 
research.

From the 45 journals, we found 331 COVID-19 research papers on quantitative 
geographical approaches and created the list. For each journal, we used “COVID” 
as a search keyword to find any COVID-19 research papers. We conducted the 
search process in late October 2021. We did not include commentary, opinions, or 
review papers. We focused on empirical papers that adopted quantitative geographi-
cal approaches. For each paper, we recorded the journal name, paper title, study 
area, whether the study was about COVID-19 first-order or second-order impacts, 
research topic, and digital object identifier (DOI). If the study involved multiple 
countries, we recorded “multiple countries” as the study area. Regarding the 
research topic, we had four categories: (1) human mobility, (2) health and well-
being, (3) environment, and (4) others. We selected these categories after an initial 
screening of the papers.

The average number of papers among the journals is 7.4 (papers per journal). 
Sustainable Cities and Society published the most papers (46 papers, 13.9%), fol-
lowed by ISPRS International Journal of Geo-Information (44 papers, 13.3%, 

Table 4.1  A list of academic peer-reviewed journals in geography, GIScience, and urban and 
regional planning that were included in our database

Annals of GIS; Annals of the American Association of Geographers; Applied Geography; 
Cities; Frontiers in Built Environment; Geocarto International; Geographical Review; 
GeoJournal; Geo-spatial Information Science; Health and Place; International Journal of 
Digital Earth; International Journal of Geographical Information Science; International 
Journal of Health Geographics; International Journal of Urban Sciences; ISPRS International 
Journal of Geo-Information; Journal of Geographical Sciences; Journal of Regional Science; 
Journal of Urban Health; Journal of Urban Management; Landscape and Urban Planning; 
Papers in Applied Geography; Population, Space and Place; Professional Geographers; 
Regional Studies, Regional Science; Spatial and Spatio-temporal Epidemiology; SSM 
Population Health; Sustainable Cities and Society; Transactions in GIS

This list illustrates selected journals that have at least three papers. The list is in alphabetical order 
by title
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open-access option only), Health and Place (27, 8.2%), Cities (25, 7.6%), and SSM 
Population Health (25, 7.6%, open-access option only). These five journals account 
for approximately 50% of the papers in our database. Moreover, the average number 
of papers per country is 6.2 (papers per country). The U.S. published the most 
papers (79 papers, 27.6%), followed by China (54 papers, 18.9%). These two coun-
tries account for approximately 47% of the papers in our database. Given the large 
body of scholars in these two countries, this result aligns with our expectations. 
However, we have fewer papers focusing on India (16 papers, 5.6%) than we 
expected, which is an interesting observation considering the large population of 
scholars in India. Please note that we excluded 46 papers that included multiple 
study areas or did not have a specific study area.

Next, we analyzed the database by obtaining descriptive statistics of metrics, 
including the number of papers, regarding the journal, the study area, and the 
research topic. Moreover, we created word frequency tables of the papers’ titles by 
adopting a text analysis method using an ad-hoc Python program (e.g., Bird et al., 
2009; Oesper et al., 2011). The word frequency table presents how frequently each 
word is used in the text. We also created word clouds that visualize the word fre-
quency tables. Word clouds are effective visualization tools to illustrate the relative 
importance of words. Words that are larger are more important (i.e., more frequently 
appearing in the text) than other words. We did not include words that are trivial or 
only appear once in the text.

�Results

�Papers on Quantitative Geographical Approaches: 
First-Order Impacts

This subsection reviews 186 papers that focused on COVID-19 first-order impacts. 
There are 186 papers (56% of the 331 papers) on COVID-19 first-order impacts. 
ISPRS International Journal of Geo-Information published the most papers (32, 
17.2%), followed by Sustainable Cities and Society (22, 11.8%), Health and Place 
(16, 8.6%), Spatial and Spatio-temporal Epidemiology (14, 7.5%), and SSM 
Population Health (12, 6.5%). These five journals account for approximately 50% 
of the 186 papers on first-order impacts. Regarding the study area, the United States 
and China account for approximately half of the 186 papers, which is not substan-
tially different from our previous findings obtained from reviewing all 331 papers.

Note that Spatial and Spatio-temporal Epidemiology is included in the most-
published journals. This journal accounts for 7.5% of papers on first-order impacts 
but only 5% of total papers (including ones on second-order impacts). This observa-
tion implies that spatial and spatiotemporal methods play a significant role in mod-
eling the COVID-19 pandemic compared to other quantitative geographical 
methods.
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Fig. 4.1  Word clouds illustrate the relative frequency of words used in the titles of (a) 186 papers 
on COVID-19 first-order impacts and (b) 59 papers on COVID-19 second-order impacts focusing 
on human mobility

Next, we created word clouds that visualize the relative frequency of words used 
in the titles of 186 papers on first-order impacts (Fig. 4.1a). The figure illustrates 
that the following words are frequently used in the titles: cases, spatial, city, spatio-
temporal, spread, risk, mortality, and urban. The result indicates that cities and 
urban areas are important in studies on first-order impacts (e.g., Ghosh et al., 2020; 
Liu, 2020; Mishra et al., 2020), corroborating our general expectations that cities 
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have been major epicenters of the COVID-19 pandemic. The word cloud result also 
reveals that spatial and spatiotemporal modeling of COVID-19 cases, risks, and 
mortality are important research topics for quantitative geographers (e.g., Appiah-
Otoo & Kursah, 2021; Kianfar et al., 2021; Zhang & Li, 2021).

Overall, we identified three overarching research themes of studies on COVID-19 
first-order impacts by observing the database and the word cloud.

The first theme (68 papers, 36.6%) is to investigate geographical disparities in 
COVID-19 confirmed cases and deaths as well as accessibility to COVID-19 rele-
vant facilities, such as testing and vaccination sites (e.g., Kamis et al., 2021; Kang 
et al., 2020; Park, 2021; Wu et al., 2020). This theme also includes many studies 
aiming to detect spatial and spatiotemporal clusters of COVID-19 cases and deaths 
(e.g., Cordes & Castro, 2020; Desjardins et al., 2020). Examining socio-spatial dis-
parities in COVID-19 cases and deaths as well as accessibility to health facilities 
(e.g., testing and vaccination sites) is crucial because the research outcomes provide 
essential insights into understanding existing socio-spatial inequity in health out-
comes. It also enhances our understanding of how the COVID-19 pandemic has 
widened those disparities in people’s health outcomes.

The second theme (97 papers, 52.2%) is to examine various factors that affect 
COVID-19 cases and deaths and to build a model that predicts COVID-19 cases and 
deaths in the future (e.g., Jaya & Folmer, 2021; Solis et al., 2021; Valente & Laurini, 
2021). These factors include built environment variables, sociodemographic and 
economic variables, environmental variables, policy variables (e.g., lockdown poli-
cies), and so on (e.g., Guo et al., 2021; Hamidi et al., 2020; Huang et al., 2021a; 
Meng et al., 2021; Tribby & Hartmann, 2021; Viezzer & Biondi, 2021). This is an 
important research topic as it provides an essential theoretical foundation for 
explaining how viruses spread. It will also eventually contribute to the development 
of COVID-19 prediction models that can play a significant role in formulating 
evidence-based public health policies to mitigate the pandemic.

The third theme (21 papers, 11.3%) includes other research themes that are 
relatively less studied than the first two themes. We identified several sub-themes. 
First, some studies focused on COVID-19 data quality/assurance issues and the 
effectiveness of COVID-19 dashboards (e.g., Carballada & Balsa-Barreiro, 2021; 
Fang et al., 2021; Kolak et al., 2021). Given the critical role of data in quantitative 
geographic approaches in COVID-19 research, the data quality/assurance topic is 
important to avoid potential “Garbage In, Garbage Out (GIGO)” issues. Second, 
some studies investigated geospatial data privacy and ethics in COVID-19 research 
and policies, such as digital contact tracing and COVID-19 dashboards (e.g., 
Houfaf-Khoufaf et al., 2021; Huang et al., 2021b; Kim & Kwan, 2021). Detailed 
geospatial data (e.g., a person’s mobile phone location trajectory) is critical in 
quantitative geographical studies on COVID-19. However, it also involves risks, 
such as geoprivacy breaches, legal issues, and ethical concerns. Third, other stud-
ies have developed and proposed new algorithms and methods (e.g., indoor con-
tact tracing) to control the pandemic (e.g., Ojagh et al., 2021; Usui et al., 2021). 
In sum, we observed that less attention had been paid to these three sub-themes. 
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Thus, we recommend that future research pay more attention to these areas to fill 
the significant gaps.

�Papers on Quantitative Geographical Approaches: 
Second-Order Impacts

This subsection reviews 145 papers (44% of the 331 papers) related to COVID-19 
second-order impacts. We observed that there are more papers on first-order impacts 
(56%) than on second-order impacts (44%). One possible explanation for this is that 
data needed to investigate first-order impacts can be accessed relatively more easily 
than those needed to investigate second-order impacts. For example, key variables 
for investigating first-order impacts include new confirmed COVID-19 cases and 
deaths, sociodemographic variables, and so on. Researchers can easily access these 
datasets through open-source data repositories, such as those provided by the 
Centers for Disease Control and Prevention. However, data capturing various 
second-order impacts (e.g., immediate income loss, change in mental health, and so 
on) are not widely and promptly made available to researchers.

Regarding the journals we covered, Sustainable Cities and Society published the 
most papers (24, 16.6%), followed by Cities (14, 9.7%), SSM Population Health 
(13, 9.0%), ISPRS International Journal of Geo-Information (12, 8.3%), and Health 
and Place (11, 8.6%). These five journals account for approximately 50% of the 
papers on COVID-19 second-order impacts. Regarding the study area, the United 
States and China account for approximately 42% of the papers on COVID-19 
second-order impacts, which is not substantially different from our previous find-
ings obtained from reviewing all papers.

We observed four research topics in studies on second-order impacts. The topic 
of human mobility has the most papers (59, 40.7%), followed by health and well-
being (37, 25.5%), environment (26, 17.9%), and others (23, 15.9%). This finding 
is in line with our general expectation that “how do people travel and move around 
different places?” is one of the fundamental research questions of quantitative 
geographers.

Perhaps the result – having the highest number of papers on human mobility – 
reflects good accessibility of the most up-to-date human mobility data. Specifically, 
we observed that many studies utilized human mobility data obtained from cell 
phone signal-based location data, which can be collected and processed much faster 
than traditional survey-based data. Moreover, private data providers  – such as 
Google Community Mobility Reports (e.g., McKenzie & Adams, 2020), Apple 
Mobility Trends Reports (e.g., Trasberg & Cheshire, 2021), SafeGraph (e.g., Huang 
et al., 2021c), StreetLight (e.g., Kar et al., 2021), and other smart card and location 
data providers (e.g., Bhin & Son, 2021; Eom et al., 2021; Long & Ren, 2022) – have 
widely distributed pre-processed and aggregated mobility data. The availability of 
mobility data that immediately captures human mobility trends has provided 
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significant research opportunities to quantitative geography researchers. This might 
eventually result in the publishing of many studies on COVID-19 second-order 
impacts focusing on human mobility.

In this chapter, we focused only on the topic of human mobility (i.e., the topic 
with the most appearances) in creating a word cloud. Figure 4.1b is a word cloud 
illustrating the frequency of words that appear in the titles of these 59 papers on 
human mobility. The figure illustrates that “pattern, lockdown, change, city, activity, 
population, behavior, urban, case, and social” frequently appear in the titles. 
Similar to what we observed in the word cloud of studies on COVID-19 first-order 
impacts (e.g., Fig. 4.1a), the result reveals that cities and urban areas are critical 
geographic areas of interest. The word cloud also suggests that many quantitative 
geographers are interested in investigating changes in human mobility caused by 
COVID-19 lockdown policies.

Although these studies provide significant insight into how human mobility pat-
terns have been impacted by the COVID-19 pandemic, there are several caveats, 
including algorithmic uncertainty of mobility data based on cell phone signal-based 
location data (Kwan, 2016; Mooney & Pejaver, 2018). First, cell phone users might 
not capture the distribution of the entire population as certain sociodemographic 
segments, such as low-income and senior people, might not be included. Second, 
cell phone signal-based location data might not capture short-distance trips or trips 
undertaken in certain areas where the signal quality is poor, such as rural areas or 
high-density building areas. Lastly, it might not provide meaningful information on 
people’s transportation mode choice behaviors, which is an important topic in 
human mobility studies. Therefore, we recommend that future studies fill these sig-
nificant gaps by actively utilizing traditional data, such as household activity-travel 
surveys, which can provide a more nuanced and comprehensive picture of our 
understanding of changes in human mobility during the COVID-19 pandemic.

�Conclusion

This chapter reviewed the role of quantitative geographical approaches in COVID-19 
research. We particularly focused on two types of COVID-19 research: (1) studies 
on first-order impacts that investigate immediate health-related impacts of the 
COVID-19 pandemic (e.g., virus transmission, confirmed cases, and deaths) and (2) 
studies on second-order impacts that examine COVID-19’s secondary impacts, 
including social, economic, and environmental aspects (Laituri et  al., 2021). We 
focused on 331 papers that adopted quantitative geospatial approaches. We selected 
these papers from 45 journals in geography, GIScience, and urban and regional 
planning.

Our result revealed that Sustainable Cities and Society published the most papers 
adopting quantitative geographical approaches for COVID-19 research, followed 
by ISPRS International Journal of Geo-Information, Health and Place, Cities, and 
SSM Population Health. These five journals account for approximately 50% of the 
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331 papers on COVID-19 research. Regarding the study area, the United States 
published the most papers, followed by China. These two countries account for 
approximately 50% of the 331 papers.

Regarding studies on COVID-19 first-order impacts, we identified three research 
themes. The first theme is investigating geographical disparities in COVID-19 cases 
and deaths and accessibility to COVID-19 relevant facilities, such as testing and 
vaccination sites. The second theme is examining various factors that affect 
COVID-19 cases and deaths and building a model to predict those in the future. The 
third theme includes other topics (e.g., geospatial data privacy and ethics, data qual-
ity and assurance, and so on) that are relatively less studied than the first two themes. 
Therefore, we recommend that future research pay more attention to the third theme, 
which is crucial to diversifying and broadening the role of quantitative geographical 
approaches in COVID-19 research.

We observed fewer papers on second-order impacts than on first-order impacts. 
The topic of human mobility was investigated the most, followed by health and 
well-being and the environment. We discussed that the recently growing availability 
of human mobility datasets (that are largely based on cell phone signal-based loca-
tion data in most cases) might contribute to the number of COVID-19second-order 
impact papers on the topic of human mobility.

However, there are several limitations to our study. First, we did not consider 
papers from other journals that are not classified as geography research but do con-
tain papers adopting quantitative geographical approaches for COVID-19 research 
(e.g., Environmental Research, Science of the Total Environment, and so on). Future 
research can benefit from including more papers from these journals to provide a 
more comprehensive review of the role of quantitative geographical approaches in 
COVID-19 research. Second, regarding text analysis methods, we only created 
word clouds. However, many other innovative text analysis methods (e.g., TF-IDF 
analysis) can provide additional interesting and significant insights. We recommend 
future studies adopt various text analysis methods to analyze papers’ titles and 
abstracts to enhance our understanding of the role of quantitative geographical 
approaches in COVID-19 research.

Despite these limitations, this chapter significantly contributes to the literature as 
it provides a relatively comprehensive review of the role of quantitative geospatial 
approaches in COVID-19 research and highlights important future research 
directions.
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Chapter 5
COVID-19’s Impact on Geospatial Data: 
Ethics and Values

Dara E. Seidl 

�Introduction

When COVID-19 hit the world stage, it necessitated a swift public health response. 
The pandemic response invoked numerous debates about how geographical data 
should be collected and used. Many of the tactics governments and health agencies 
employed to track the spread of the virus were geographical in nature, including the 
collection and sharing of geospatial data about individuals. Widespread phone-
based location tracking particularly incited debate for running counter to prevailing 
ethics and values regarding privacy and freedom of movement. This chapter exam-
ines the ethics and values positioned as at stake in the COVID-19 response.

Personal Story
In many ways, the COVID-19 pandemic made it feel like time had stopped. I 
spent the first few weeks hunkered down with my partner, somewhat worried 
and alert, but also enjoying many cozy days of delicious bread-making. Like 
most, we thought it would be a brief period to get through, rather than a years-
long experience. As time went on, we found ourselves fortunate to not be 
touched directly by illness or family sorrow, but there were other losses: the 
enduring calculation of risk for any outing, not seeing loved ones for years at 
a time, and the brief horror of watching a TV character walk into a public 
place without a mask. Most surprising, though, were the ways in which life 
continued. Four months into the pandemic, I accepted a new position which 
brought our family from the Central Coast of California to Leadville, 
Colorado, a small city situated at over 10,000 feet in elevation. It has been 
strange to move to a new place, live there for over a year, but not yet have a 
real sense of the town. We are fortunate to have this new adventure waiting for 
us when the pandemic risk eases, along with one more pandemic addition: our 
new collie puppy. Dara Seidl.
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While sometimes used interchangeably as concepts, values have a distinct mean-
ing from ethics. Rather than prescribing specific ways of behaving, values are ideals 
to which individuals or communities aspire (Barsky, 2019). While all humans have 
values, we may order them differently, viewing some as more important than others. 
This value ordering reflects our priorities as individuals. Examples of commonly 
held values are safety, social justice, happiness, and peace. Values inherently related 
to the COVID-19 pandemic include health, safety, privacy, equity, and freedom of 
movement. By contrast to these categories of ideals underpinning values, ethics are 
guidelines for types of behaviors considered appropriate or inappropriate. In this 
way, ethics essentially provides rules for acceptable behavior. For example, the 
Geographic Information Systems (GIS) Code of Ethics (Huxhold & Craig, 2003) 
provides guidelines for mapping professionals to follow in their work, including 
striving to avoid harm to individuals by protecting individual privacy. The GIS 
Certification Institute shares a similar ethical code,1 under which obligations to 
society include allowing people to know whether they are in a database and to view 
and correct information about themselves. These ethical guidelines for behavior 
make clear an adherence to favored values, including honesty, respect, and privacy.

Often it seems as though values are placed in competition with each other during 
a crisis. For example, the passage of the United States Patriot Act in 2001 following 
the September 11th attacks allowed the government to collect sweeping phone, 
email, internet, and banking data on American residents. This law was passed in the 
name of national security, as its stated purpose was to identify and catch terrorists, 
but the practice and law have been decried as running counter to the values of pri-
vacy and civil liberties (Mell, 2002). In the current pandemic crisis, privacy and 
civil liberties are again positioned by popular media as at odds with a common 
good: public health. With the rollout of tracking technology to aid in identifying and 
stopping the spread of COVID-19, the predominant debate was framed as a binary 
choice between saving more lives with digital contact tracing or forgoing the use of 
location tracking, thereby respecting privacy and civil liberties (Gasser et al., 2020).

However, a number of scholars have debunked this binary framing as too sim-
plistic, or even as a false tradeoff, as the benefits of digital tools against COVID-19 
remain unproven. Gasser et al. (2020) advocate for the examination of digital public 
health technologies with a focus on public health outcomes and the ethics guiding 
these outcomes, rather than a solutionist approach focusing on the benefits technol-
ogy can bring to public health management. Kitchin (2020) suggests that if geospa-
tial health surveillance cannot deliver on its promised or intended public health 
outcomes, then the trade between public health and civil liberties is a false one. 
Goldenfein et al. (2020) trace the juxtaposition of privacy and public health as the 
latest in a familiar line of “privacy vs. X” debates leveraged by government and 
corporate entities to increase surveillance. The argument made by these entities is 
that data surveillance is key to solving each crisis, X, justifying the development of 

1 GIS Certification Institute. Rules of Conduct for Certified GIS Professionals (GISPs). Available 
at https://www.gisci.org/Ethics/RulesofConduct.aspx (Last accessed 08 January 2022).
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extensive surveillance infrastructures which remain in place beyond the end of each 
crisis. Sadowski (2020) specifically calls this privacy rights-public health debate an 
authoritarian trade-off, as the companies providing data surveillance position them-
selves as a universal solution, undergoing little scrutiny in each emergency situa-
tion. The next sections of this chapter outline the technologies introduced in 
response to COVID-19 and the tensions between them and established geographic 
ethics, privacy, and civil liberties.

�Smartphone Ownership

Public health researchers have identified four categories of digital tools deployed 
against COVID-19, all of which include the collection or sharing of device location 
data. These categories are contact tracing, symptom checkers, quarantine compli-
ance, and flow modelling (Gasser et al., 2020). These categories will be discussed 
in detail in the proceeding section. An important backdrop for the enthusiasm to 
deploy these individual-tracking tools is the worldwide growth in cell phone owner-
ship, and in particular smartphone ownership. Compared to prior pandemics, the 
rise of smartphones has equipped a large proportion of the world population with a 
personal tracking device. A Pew Research Center study found that in the United 
States, by the time the COVID-19 pandemic began, 81% of American adults were 
reported to own a smartphone, and 96% were reported to own a cell phone 
(Anderson, 2019).

Smartphone ownership also has an inverse relationship with the age group in the 
United States. Americans aged 65 and older are less likely to own a smartphone, at 
just 53%, compared to 96% of Americans between the ages of 18 and 29 (Anderson, 
2019). Lower rates of smartphone adoption are found among residents of rural 
areas, adults with lower incomes, and those whose educational attainment was a 
high school diploma or less. Similarly, smartphone adoption rates a year before the 
pandemic varied widely between countries. According to another Pew Research 
Center study (Taylor & Silver, 2019), practically 100% of adults in South Korea 
have a cell phone, with 95% of adults having a smartphone, the highest adoption 
rate of any country. Besides the United States with smartphone adoption at 81% of 
adults, Spain, Australia, Sweden, the Netherlands, and Israel all have adult smart-
phone rates of 80% or higher. Taylor and Silver (2019) found a stark difference in 
cell phone adoption between countries deemed advanced economies and emerging 
economies, as determined by World Bank income group and gross domestic product 
(GDP) rates. The median smartphone adoption rate for emerging economy coun-
tries is 45%, compared to 76% in advanced economies. Some of the countries in the 
emerging economy list are India (smartphone adoption at 24%), Nigeria (39%), 
Mexico (52%), Brazil (60%), and South Africa (60%). While smartphone adoption 
worldwide was higher than ever before, the variable rates across countries and 
demographic groups called into question whether any smartphone-based health 
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surveillance measures could be effectively or equitably harnessed to mitigate the 
spread of COVID-19.

�Existing Location Data Infrastructure

Despite uneven adoption across populations, the precision with which cell phones 
and smartphones could be applied to detect travel patterns seemed to make them an 
irresistible target in the quest to stop the spread of the virus, particularly pre-vaccine 
and before the factors behind transmission were fully understood. A large body of 
research harnesses location data from mobile devices to study and predict human 
behavior (Rout et al., 2021), including to assess travel patterns (Vich et al., 2017), 
tourist locations (Shoval & Ahas, 2016), and even spatial behaviors related to men-
tal health (Chow et al., 2017; Gong et al., 2019), including trajectories of depression 
(Canzian & Musolesi, 2015). In addition to a healthy research body on individual 
location sensing with participants willing and consenting to be tracked, there was 
also widespread pre-pandemic data collection infrastructure tracking individual 
locations without their knowledge. The location intelligence or location data broker 
industry is an estimated $12 billion market (Keegan & Ng, 2021), whose main play-
ers include at least 47 companies, including Near, Mobilewalla, PlaceIQ, Cuebiq, 
Place.ai, SafeGraph, X-Mode (Outlogic), and Unacast. These location data brokers 
collect, aggregate, and sell individual location data, often scouring it through phone 
apps requesting permission for user locations, such as with map, weather, coupon, 
video, and gaming applications, with many companies not disclosing their sources 
of location data. In one example of these behind-the-scenes location data flows, data 
broker X-Mode, now called Outlogic, was found selling location data from Muslim 
prayer apps Muslim Pro and Qibla Compass to military contractors (Cox, 2021). In 
a more targeted example, a Catholic news organization purchased “anonymized” 
data from a mobile location broker that outed a priest who was found to be visiting 
gay bars through location data collected in the Grindr dating app (Boorstein et al., 
2021). These examples signal the widespread existence of location data flows where 
mobile users might not consent if they fully understood the potential for location to 
be used against them.

When COVID-19 started spreading, many location data brokers saw an opportu-
nity to advertise their close-to-real-time location repositories as instrumental to the 
pandemic response. The company SafeGraph advertised its social distancing met-
rics with maps showing percentages of phones by block group traveling away from 
home, with locations collected from undisclosed mobile applications. Unacast simi-
larly created a social distancing scorecard, assigning letter grades to counties and 
states based on phone Global Positioning System (GPS) data and detections of 
changed travel behavior (Morrison, 2020). In a notorious example, a partnership 
between X-Mode Social and Tectonix GEO released a geographic visualization of 
5000 devices at a beach in Fort Lauderdale, Florida, during spring break, then trav-
eling across much of the United States, flaunting social distancing 
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recommendations in March 2020 (Holmes, 2020). These data companies capital-
ized on the popularity garnered through free COVID-related geographic datasets to 
forge partnerships with researchers for future projects. Hu et  al. (2021) use 
SafeGraph location data to detect changes in visits to bars and liquor stores. Althoff 
et al. (2021) similarly partner with SafeGraph for data to assess the geography of 
remote work. Such studies reflect the normalization of incorporating location data 
from mobile users who are likely unaware they are being tracked for such purposes. 
Mobile users are routinely exposed to dark patterns, in which application interfaces 
are designed to confuse users into accepting settings that are inconsistent with their 
preferences, such as accepting higher levels of tracking (Luguri & Strahilevitz, 2021).

The rollout of phone-based contact-tracing apps in service of pandemic mitiga-
tion is an example of technological solutionism, in which technology is presented as 
a solution before a problem is fully investigated and defined, or before the potential 
pitfalls and unintended consequences of the technology are studied (Morozov, 
2013). An example of a topic treated in this way is the use of smartphone brands and 
usage to predict human altruism and compassion (Anand et al., 2021). As Taylor 
(2021) writes, the hasty deployment of contact-tracing apps by higher-income coun-
tries demonstrated a belief that technology could be used to solve a problem as 
complex as the pandemic. Taylor notes that before the summer of 2020 in the Global 
North, the failure to stop the spread of the virus was framed by policy-makers as an 
issue of technology acceptance and individuals unwilling to install tracking applica-
tions. Kitchin (2020) argues that the widespread solutionism of the app-based pan-
demic response is in part due to years of lobbying by technology companies and 
states’ desire to stimulate high-tech economic sectors. Under technological soluti-
onism, the rush to deploy tracking technology as a primary means of stopping virus 
spread is not pared back when the technology’s shortcomings become apparent. The 
solutionism also reinforces a dichotomy between privacy and public health, as if 
location data were the missing link in the ability to effectively contact trace.

�Location-Based Technologies for the COVID-19 Pandemic

With this background of widespread (but variable) smartphone adoption, existing 
structures of tangled personal location data collection, and high interest in 
technology-based solutions, the stage was set for rollouts of location-based tools to 
combat COVID-19. A first category of these tools is proximity and contact tracing, 
which track interactions between individuals based on their estimated spatial prox-
imity (Gasser et al., 2020). Proximity tracing may leverage GPS, Wi-Fi, cell tower 
location, or Bluetooth with mobile phones (Kedron & Trgovac, 2021), or it may also 
take advantage of facial recognition in video feeds to identify individuals who are 
not maintaining two meters of distance. For example, Singapore’s TraceTogether 
app applies Bluetooth to detect proximity between phones and alerts users found to 
be sufficiently close to a COVID-19-positive individual (Gasser et al., 2020). India 
deployed the Aarogya Setu application, which harnesses Global Navigation Satellite 
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System (GNSS) and Bluetooth to notify users if they have come into contact with 
someone who has tested positive (Gupta et al., 2020). The Aarogya Setu app also 
collects personal details such as name, age, sex, and medical conditions. Israel 
moved to access a trove of cell phone data collected by its security agency, Shin Bet, 
for the purposes of contact tracing (Halbfinger et al., 2020). Kitchin (2020) writes 
that neither Bluetooth nor GNSS has the spatial precision required to effectively 
establish contact tracing, which would involve consistently and accurately deter-
mining proximity of less than 2  meters. GNSS, including GPS, is accurate to 
between 5 and 20 m (Lee et al., 2016). Combining Bluetooth and Wi-Fi positioning 
can locate devices to under 1 m of accuracy but cannot determine whether a wall or 
window is separating individuals, which is important for accurate proximity 
detection.

In the United States, the use of targeted contact tracing apps for COVID-19 is 
coordinated by state. One reason public health officials cite for the deployment of 
digital contact tracing apps is the insufficiency of traditional contact tracing meth-
ods to keep up with cases (Simmons-Duffin, 2021). This slowness was in large part 
due to a lack of workers, with a secondary reason being a lack of trust by Americans; 
many on the contact list refused to pick up the phone. A study of traditional contact 
tracing in the United States found that two-thirds of individuals with COVID-19 
were either not reached for contact tracing or named no known contacts, thereby 
failing to stop transmission (Lash et al., 2021). As of March 2021, more than 28 
million Americans, or approximately 8.5%, had downloaded smartphone mobile 
apps for contact tracing using Bluetooth technology (Van Ness, 2021). In total, 24 
states and Washington, D.C. have developed apps or exposure notification systems 
for use by residents, most relying on the Apple-Google Bluetooth exposure 
notification.

A second location data tool deployed against COVID-19 is the symptom checker. 
Users report their symptoms online and possibly obtain a diagnosis of COVID-19 
(Gasser et al., 2020). The user inputs are stored, including location, for use in dis-
ease modelling and the allocation of resources. Examples include the CoronaMadrid 
symptom checking application from Spain and the COVID-19 Symptom Tracker 
serving the U.K. and the United States. Symptom checkers collect sensitive health 
data as well as IP (Internet Protocol), cell-tower-derived, or GPS locations. Aside 
from specific phone applications where users self-report their symptoms, thermal 
cameras and biometric wearables have also been deployed to detect COVID-19 
symptoms and geographic patterns (Kitchin, 2020). The Kinsa HealthWeather map2 
based on temperature reads from smart thermometers is an example of a sensed 
symptom checker, where location and human temperature data are aggregated to 
show geographical trends.

A third geographical COVID-19 response is quarantine enforcement. This 
involves the monitoring in real time of individuals to ensure compliance with 

2 Kinsa HealthWeather COVID Map. Available at https://healthweather.us/ (Last accessed 08 
January 2022).
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quarantine restrictions. Mandatory quarantine enforcement apps were deployed in 
parts of China, Poland, and Taiwan. In China, in order to access particular buildings 
or transportation systems, visitors were required to scan their phones to obtain a 
color-based response as to whether they could enter or had to leave and quarantine 
(Goh, 2020). Poland required residents with confirmed diagnoses to send out a geo-
tagged selfie within 20 min of receiving a text message from a health authority to 
ensure that they were quarantining at home (Nielsen, 2020). In Taiwan, a compul-
sory GPS tracking application was deployed to detect when infected individuals 
were leaving isolation and to issue fines of $33,000 (Timberg & Harwell, 2020). Tan 
et  al. (2020) developed the SignatureHome system, deployed in Hong Kong as 
StayHomeSafe, which leverages a wristband-smartphone pairing to notify authori-
ties when individuals assigned to quarantine have exited the geofenced home region. 
These enforcements are said to conflict with the value of freedom of movement and 
the personal autonomy that comes with it (Spadaro, 2020).

The fourth category of geographical tools deployed against COVID-19 is flow 
modelling, also known as mobility reports. The social distancing scorecards released 
by data brokers Unacast and SafeGraph are examples of these types of reports, 
which aggregate data on the movements of users. Public health researchers use flow 
modelling to show the general effectiveness of social distancing or quarantine poli-
cies across larger geographers (Gasser et al., 2020). Another widely considered flow 
model is Google’s COVID-19 Mobility Reports, for which user locations are auto-
matically detected from mobile users who have activated a location history setting. 
Because individual contributors to flow modelling do not need to download separate 
applications or specifically opt in, as they may for proximity-based contact tracing, 
there may be less awareness of how their locations are being shared for COVID 
research. Nevertheless, all of these tools rely on the ability to detect location from 
individual devices, collecting personal location at a very granular level and sharing 
it with both government and private entities.

Outside of applications that systematically collect location from mobile devices, 
maps of disease spread with traditionally collected geographic statistics became 
widely available. One of the most well-regarded platforms for viewing geospatial 
data related to the pandemic was the Johns Hopkins University COVID-19 
Dashboard (Dong et  al., 2020). The dashboard includes total cases, deaths, and 
administered vaccine doses when vaccines became available. The tool continues to 
be updated at the time of writing and is currently at over five million deaths and 
eight billion vaccine doses administered. Frequently cited by government and pub-
lic health officials, the Johns Hopkins researchers confirm the case numbers with 
regional and local health departments across the world before publishing the statis-
tics. Many smaller regions and local governments developed their own public health 
dashboards to track cases more closely in their immediate areas and share informa-
tion with their constituents.

Even COVID tracking maps and dashboards became subject to debate as the 
spread of COVID became politicized. Rebekah Jones, a geographic information 
systems manager for the Florida Department of Health at the start of the COVID-19 
pandemic, had her employment there terminated for insubordination in 2020. Jones 
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claims that the firing was based on her refusal to manipulate the state’s COVID-19 
data in a way that would support the state’s reopening and lifting of pandemic 
restrictions (Mazzei, 2020). Forbes Magazine named Jones the Technology Person 
of the Year (2020) for the COVID-19 tracking dashboard she established after the 
health department termination and subsequent police raid at her home (Popkin, 
2020). The case attracted the attention of many geographers and news outlets, and 
Jones was invited as a keynote speaker at the 2021 American Association of 
Geographers Meeting with a talk entitled “A Geographer’s Perspective on High-
Stakes Public Science” (Loomar, 2021). Jones’ personal and professional back-
ground came under scrutiny in the publicized controversy, which gained public 
interest in the narrative that a scientist was resisting pressure to skew statistics in 
favor of a government’s stance on a public health issue. The story was initially 
framed as a matter of public accountability and holding fast to objectivity in the face 
of political pressure, a value espoused by many scientists.

�Ethical Considerations for Digital COVID-19 Tools

While deployed in support of the values of public health and safety, the geographi-
cal response to the COVID-19 pandemic challenged professional codes of ethics for 
public health and GIS practitioners and ran counter to the established values of 
privacy, civil liberties, and freedom of movement. The GIS Code of Ethics calls for 
the privacy and confidentiality of data subjects, such that individuals are protected 
from secondary uses of their information and are able to inspect and correct their 
records. In the data broker industry, where collection of location data is not trans-
parent, data subjects are seldom given the opportunity to understand or even view 
their personal data flows (Kedron & Trgovac, 2021). Kedron and Trgovac (2021) 
identify five core principles to measure the ethical standing of new digital contact 
tracing technologies: efficacy, privacy, equity, transparency, and accountability. 
Similarly, public health ethics seek to protect the values of privacy, autonomy, and 
justice (Gasser et al., 2020). With uneven adoption rates of smartphone technology, 
equity and justice are at stake as surveillance is applied unevenly to different groups. 
Another ethical principle challenged with COVID location tracking technology is 
data minimization, which keeps the data collected to only the data necessary to 
complete a task and minimizes the use of such data to just the original intended 
purpose (OECD, 1980). However, now that location data have been collected for the 
pandemic crisis and the digital infrastructure has been developed, scope creep is 
emerging. For example, Singapore used tracking data from its TraceTogether app to 
investigate a murder after the minister promised it would only be used for COVID 
mitigation purposes (Tarabay, 2021).

Even where location tracking technology has been made mandatory in the pan-
demic response, there are still occasions for individuals to exert personal choice and 
opt in or out. Throughout the United States, proximity-tracing applications are 
optional, and even participants who have opted in can turn off the device’s locating 
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receivers for satellite-based GPS and Bluetooth, thereby engaging in personal loca-
tion masking (Seidl et al., 2020). Exploring privacy concerns and social acceptance 
of COVID-19 protocols in the United States and South Korea, Kim and Kwan 
(2021) find lower privacy concerns among South Koreans along with higher levels 
of perceived social benefits for COVID location-tracking protocols. The researchers 
hypothesize that this is because South Koreans, with a collectivist, rather than indi-
vidualist orientation, are already used to surveillance systems and previously wit-
nessed the success of the measures taken to control COVID-19. Despite offering a 
personal choice, optional tracking apps put the onus on the individual to decide 
whether to opt in or out, rather than receive uniform treatment and uniform data 
protection from the collecting agency. This arguably leads to less effective virus 
mitigation, but also to less equitable data representation across a population.

�Discussion

In the deployment of applications meant to mitigate the spread of COVID-19, some 
government entities have voiced an adherence to the value of privacy, while others 
have not. South Korea initially published detailed location histories for individuals 
testing positive, which led others to uncover their identities and publicly shame 
them (Singer & Choe, 2020). This led health officials to stop the practice of publish-
ing location histories in the name of human rights and privacy. In addition, officials 
were concerned that over-disclosure of such location histories would cause symp-
tomatic individuals to avoid testing (Zastrow, 2020). Stigma over a positive 
COVID-19 diagnosis appears to be especially acute in India, leading to fear and a 
loss of social capital (Bhanot et al., 2021). The potential for stigma and discrimina-
tion is a driver for protecting personal privacy in the geospatial response to 
COVID-19. In some regions, privacy is not considered a highly-ranked value, and 
so the required collection of location data does not raise many ethical flags. For 
example, a COVID-19 close contact detector deployed in China in 2020 was well-
received by the Chinese public because of high appreciation for the power of data 
for good (Kamel Boulos & Geraghty, 2020). Public opinion of location-based 
COVID-19 technologies likewise differs between countries with different value pri-
orities. With similar conclusions to Kim and Kwan (2021), discussed previously, 
Altmann et  al. (2020) measured the acceptability of a theoretical contact-tracing 
application in five countries: France, Germany, Italy, the United Kingdom, and the 
United States. The researchers found high support for the app overall, but less sup-
port in Germany and the United States, where there were higher concerns for cyber-
security and privacy, and less trust in government.

The deployment of location-dependent technologies in pandemic response will 
have implications for the norms surrounding location data flows moving forward. 
Future research in this area should focus on the extent of scope creep for the 
location-tracking infrastructure. Are the location data collected through government 
mobile apps being re-directed for unrelated activities? What unintended 
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consequences have arisen from the expedited rollout of these technologies? How 
has public opinion changed over the course of the pandemic on location-tracking 
technologies? In what ways has pandemic-related location tracking had a chilling 
effect on individual behavior and personal autonomy? Researchers in this area 
should also examine any inequities in treatment arising from uneven adoption of 
these technologies.

�Conclusion

The rollout of the geospatial response to COVID-19 was rapid and commonly justi-
fied as a necessary solution in stopping the spread of the disease. The technological 
solutionism of the first few months of the pandemic, captured in the expedited roll-
out of contract tracing apps, symptom checkers, quarantine apps, and mobility 
reports, positioned privacy protection as the enemy of public health with pervasive 
location data as the key to ending the crisis. This wedging between two values—
privacy and public health—is a similar conceptualization to the post-9/11 debates 
positioning privacy versus national security in the eagerness to find terrorists 
through the vast surveillance networks of American telecommunications. In reality, 
the relationship between these values is more complex, and there are many oppor-
tunities to build privacy by design into technologies that serve the ends of public 
health and national security.

This chapter reviewed the backdrop and precedent for the rollout of geospatial 
applications in response to COVID-19: namely, the widespread adoption of mobile 
devices and existing digital infrastructure for pervasive location data collection. The 
geospatial response, reliant on personal mobile devices, was divided into four cat-
egories: contact tracing, symptom checkers, quarantine enforcement, and flow mod-
elling. A strong eagerness to apply digital technology to solve the pandemic is 
reminiscent of technological solutionism, where challenges in procedure and effi-
cacy are overlooked in the enthusiasm to solve the problem. Global backlash 
towards mandatory location tracking and refusal to opt-in where options were given 
are evidence of adherence to the values of privacy, autonomy, and individualism. 
The COVID-19 pandemic shined a light on existing location data broker infrastruc-
ture and the extent to which, without government intervention, individual trajecto-
ries are captured on a regular basis through a plethora of apps and sold to myriad 
third parties. With little opportunity for data subjects to dissent or opt out of specific 
uses, these practices present an ongoing challenge to geographers’ professional 
codes of ethics. As the COVID-19 crisis continues, geographers will need to assess 
how location data practices fit in with their stated ethics and values.
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Chapter 6
The City and the Pandemic: The Cities’ 
COVID Mitigation Mapping (C2M2) 
Program

Laura Cline  and Melinda Laituri 

�Introduction

In 2020, the rapid spread of the COVID-19 pandemic to cities across the world 
illuminated the need to understand the distribution of resources and social dynamics 
in these densely populated heterogeneous areas. Urban geographies are complex 
and interdimensional, however the data needed to understand these critical socio-
economic relationships is infrequently available, particularly in lower- and middle-
income countries (LMIC). Such data are necessary to better identify and understand 
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the second-order impacts of the pandemic. Identifying the spatial outcomes of 
second-order impacts exposes the locations of inequitable distribution of basic ser-
vices, newly emerging vulnerable populations, and changing patterns of mobility 
and migration (Laituri et al., 2021). Decision-makers and communities need this 
data and additional analysis to identify the second-order social and economic inter-
dependencies that are impacted by first-order public health restrictions. Capturing 
local knowledge (i.e., who lives where and why?) as human geography data for 
analysis to mitigate COVID-19 impacts emphasizes the practical need for local geo-
spatial capacity and participatory mapping partnerships among local stakeholders to 
support community recovery and resilience. Human geography data are inclusive of 
demographics, critical infrastructure, economies, ethnicities, green space, commu-
nity and cultural sites, education levels, environmental resources, ecosystem ser-
vices, and medical facilities. Some of these data are available at the national and 
state or province scale but are often lacking at local levels (i.e., city, towns and rural 
villages). The Cities’ COVID Mitigation Mapping (C2M2) Program led by the 
U.S. Department of State’s MapGive Initiative from summer 2020 through fall 2021 
illustrates the value of participatory mapping partnerships to address the second-
order impacts of the COVID-19 pandemic. The geospatial model of data generation 
and community participation offers lessons applicable to developing urban resil-
ience and sustainability.

�Fine Scale Human Geography Data Is Needed to Understand 
Cities, Especially During the COVID-19 Pandemic

Prior to the emergence of the pandemic in 2020, cities around the world were grow-
ing rapidly and the UN predicts that between 2021 and 2050 all of the world’s popu-
lation growth will be in cities (United Nations Department of Social and Economic 
Affairs, 2019). In LMIC, this growth frequently results in the expansion of informal, 
unplanned settlements as migrants move to urban areas to flee conflict or seek eco-
nomic opportunity combined with a continued increase in natural population growth 
(Perry et al., 2021). Unplanned settlements frequently lack the basic services and 
social structures which would enable residents to meet public health measures such 
as washing hands frequently and maintaining social distance to disrupt the spread of 
COVID-19, while at the same time enabling them to continue to support their fami-
lies and maintain livelihoods. While cities present challenges due to the prevalence 
of unplanned development, they also continue to offer opportunities to power local, 
regional, and national economies, accounting for 70% of the world’s wealth prior to 
the pandemic (Garland, 2015, p1).

All urban geographies are complex and multidimensional. However, cities in 
LMIC are particularly challenging environments to understand. Expanding infor-
mal settlements, migration and movement patterns, or a lack of basic services are 
difficult to track if data about the fundamental infrastructure is not available. 
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Mapping infrastructure is key to all functions of daily life: livelihoods, mobility, 
medical, education, cultural, shopping/markets, religion, recreation, and home 
(Worldwide Human Geography Working Group, n.d.). Mapping infrastructure is 
critical for understanding local conditions when data is generated at the appropriate 
scale. This infrastructure includes not only roads, water supply, and energy net-
works but also data about the kinds of infrastructure that is a critical part of socio-
economic relationships (i.e., education, employment, health).

Human geography data captures local knowledge about these socio-economic 
aspects, focusing on data that considers people and how they interact within their 
communities and beyond. Collecting data about waste flows and water management 
highlights modified hydrology for planning to reduce flooding and water-borne dis-
ease. Data can identify impacts of coastal sea level rise to urban transportation and 
other networks (e.g., energy grids, communication lines) to inform adaptive plan-
ning (Perry et al., 2020). During the COVID-19 pandemic, these data illuminate the 
extent and adequacy of the existing infrastructure, its accessibility, and allow assess-
ment of gaps in serving urban populations (Laituri et al., 2021). Such data enable 
location-based analysis to site health facilities, COVID-19 testing locations, and 
vaccination sites. Decision-makers and communities need georeferenced data for 
analysis to identify the second-order social and economic interdependencies that are 
impacted by first-order public health measures and mobility restrictions during the 
pandemic.

�Local Partnerships Are Invaluable for Mapping Urban Areas 
During a Crisis

An avenue to collect human geography data is through participatory mapping that 
empowers local groups to be included in decision-making about their communities 
(Crampton & Stewart, 2004). Increasingly geospatial tools and technologies are 
used in  local situations to give communities a voice. This local agency gained 
through participatory mapping is further enhanced by geospatial capacity building 
at the local level. Efforts in local participatory mapping combined with geospatial 
analysis build community networks, support collaborative planning, and enable 
data-driven decision-making (Crampton & Stewart, 2004).

International communities continue to recognize and emphasize the importance 
of supporting local agency across humanitarian and development frameworks. 
When considering the response to humanitarian crises, such as the COVID-19 pan-
demic, the humanitarian community continues to be guided in part by the Grand 
Bargain framework. Announced in 2016 at the World Humanitarian Summit, this 
framework was termed the ‘participation revolution’ recommending that there 
should be more emphasis that those who are receiving aid should be making 
the  decisions that will affect their lives (Sanderson, 2019, p  079). In addition, 
Sustainable Development Goal #11 brings a global focus to making cities and 
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human settlements inclusive, safe, resilient, and sustainable. In 2016, the New 
Urban Agenda emphasized inclusion, which some jurisdictions interpret as “cities 
for all” (United Nations Department of Economic and Social Affairs, n.d. & United 
Nations General Assembly, 2016).

Africa, Asia, and Latin America host large urban populations, which comprised 
approximately 80% of the world’s urban population in 2020 (United Nations Human 
Settlements Program, 2020). Urbanization and urban populations continue to 
increase, and such growth is both planned and haphazard. The need for human 
geography data in rapidly growing cities inspired the creation of a participatory 
mapping model – the Secondary Cities (2C) Initiative – implemented through the 
U.S.  Department of State’s Office of the Geographer. From 2015–2019, the 2C 
Initiative worked with U.S. Embassy officers to facilitate local partnerships with 
academics, governments, and NGOs to generate georeferenced human geography 
data for emergency preparedness, resilience, and sustainability.

The lessons learned during the 2C Initiative are critical in furthering a global 
network of geospatial experts focused on technical tools and geospatial approaches 
for decision-making and civic engagement. These lessons included the need to 
adapt methods created in the developed world to address the different scenarios of 
LMIC secondary cities. The emphasis on secondary cities was due to the fact that 
these cities remain under-examined. This lack of data inhibits planning efforts in 
this type of city which is typically a rapidly growing urban area that provides critical 
local and regional services. Facilitating local participation and conducting field-
based data generation was foundational to establish local partnerships to produce 
open data, clear and concise printed map products, and accessible web-based tools. 
Web-based tools were adjusted and optimized for smart phone access when stake-
holder communities were primarily reliant on phones for web access vs computers.

During a crisis, local inhabitants provide the initial response in their community. 
They provide critical information about the status of infrastructure to first respond-
ers and can track and monitor community needs for long-term support (UN OCHAb, 
2021). Enabling this local agency is critical during the COVID-19 pandemic, as all 
communities are impacted and need to provide some level of response to raise 
awareness about local conditions and requirements. Focusing on locally-based geo-
spatial data generation, analysis, and application in urban areas during the COVID-19 
pandemic allows for merging the application of geographic methodologies for cri-
ses and public health with this greater need for understanding the human geogra-
phies of urban areas. Urban geospatial approaches used in or appropriate for LMIC, 
such as the 2C model, can be adapted to address COVID-19 second-order impacts 
because of the original focus of furthering human security and development goals. 
Two decades of development gains to address poverty have eroded during the 
COVID-19 pandemic, including negative impacts on education, employment, food 
security, and healthcare (UN OCHAa, 2021). The 2C human geography participa-
tory mapping model is relevant for communities today, as needs for resilience and 
sustainability are further challenged by the compounding effects of the COVID-19 
pandemic restrictions upon development gains and other potential emergencies.

L. Cline and M. Laituri
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�Partnerships to Apply Geospatial Tools to Examine COVID-19 
Second-Order Impacts; the Cities’ COVID Mitigation 
Mapping (C2M2) Program

Evan in late spring 2020, it was clear early in the pandemic that the dynamic chal-
lenges of urban poverty would be exacerbated by curbs on mobility and other public 
health restrictions. The U.S. Department of State’s MapGive Initiative and its inter-
national partners began to adapt its Secondary Cities (2C) model of local participa-
tory mapping to examine the socio-economic problems which could occur as 
second-order impacts of the COVID-19 pandemic, including the lack of access to 
basic services, reduced incomes due to closures, and resulting changes in mobility 
or migration patterns. The MapGive Initiative is a long-term effort of the 
U.S. Department of State’s Humanitarian Information Unit, within the Office of the 
Geographer and Global Issues, to promote geographic approaches internationally 
and encourage open mapping and data sharing by remote and local mappers alike. 
Developing an international applied research program remotely during the pan-
demic initially relied upon participatory mapping partnerships from the 2C Initiative.

Existing relationships from the 2C Initiative enabled the new Cities’ COVID 
Mitigation Mapping (C2M2) program to identify regional geospatial experts to 
remotely develop and lead city-level partnerships in mapping and assessing vulner-
able communities in LMIC as part of three regional hubs of geospatial excellence, 
one each in Africa, Asia, and Latin America. These hubs leveraged their existing 
networks to create 12 city-level C2M2 projects (Fig. 6.1). In Africa, project teams 

Fig. 6.1  Cities with C2M2 project activities in 2020–2021. (https://mapgive.state.gov/c2m2/)
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examined education and other access issues in vulnerable communities in Bukavu, 
Democratic Republic of Congo; Nairobi, Kenya; and Pemba, Mozambique. In Asia, 
project teams examined changing patterns of mobility in Dhaka, Bangladesh; 
Kathmandu, Nepal; and Ulaanbaatar, Mongolia. In Latin America, project teams 
examined changing impacts due to increased poverty in Cusco and Lima, Peru; 
Ouro Preto (Minas Gerais), Brazil; Quito and Santa Cruz (Galapagos), Ecuador; 
and Santiago, Chile.

�Building Partnerships to Understand Communities

Previous experience with the 2C model demonstrated the importance of building 
partnerships, enhancing geospatial capacity, supporting data creation and analysis, 
and emphasizing visualization and dissemination to key stakeholders to support 
data-driven decision-making (Fig. 6.2). The C2M2 program was designed to sup-
port data-driven decision-making by local stakeholders developing mitigation strat-
egies for COVID-19 second-order impacts. Initial C2M2 city-level project activities 
required socializing the project across the community to build partnerships and key 
stakeholder buy-in for the city-level project design, which allowed for discussions 
to identify needed datasets that may already exist in the community or could be used 
as a proxy to answer relevant questions. Local and regional geospatial experts 
hosted numerous geospatial workshops for local participants and contributors to 
support data gathering, creation, and analysis; many of these were virtual, but some 
in-person events occurred if local restrictions allowed and public health require-
ments could be met. The program leadership offered guidance and technical support 
when needed. Also, as a key requirement for any participatory mapping program, 

Fig. 6.2  What is a C2M2 project?
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the regional hubs and C2M2 program leadership ensured that all participants were 
similarly trained on the ethics of participatory mapping by providing a web-based 
training available to all project participants.

�Using Geospatial Tools to Generate Open Data

Foundational to both the C2M2 program and 2C Initiative was the need to examine 
national and local laws and regulations to determine if there would be any legal or 
political constraints to mapping a selected city. Some countries have declared their 
open data policies. Regardless of formal declaration or informal practice, it is the 
duty of the program and project designers to know if this type of activity will be 
accepted. Also, if a country has begun to implement its open data policy, then there 
may be a national or regional metadata standard that is appropriate to use to ensure 
the data can easily be integrated with other datasets for local decision-makers’ use.

Whenever possible, and in agreement with the local communities, the data and 
products are shared openly, either through open data portals such as OpenStreetMap, 
the UN OCHA Humanitarian Data eXchange (HDX), or published on websites. 
Lastly, the international, regional, and local C2M2 project partners came together to 
identify effective visualization techniques, products, and dissemination methods 
that took best advantage of their online and in-person reach.

�Sharing Results About COVID-19 Second-Order Impacts

One method to share the results of C2M2 analysis included the city-level project 
partners hosting local in-person and virtual meetings. Both city and regional C2M2 
partners also used websites and social media to share meeting announcements, map 
products, and web-based interactive map portals. International C2M2 partners at the 
MapGive Initiative and American Association of Geographers (AAG) highlighted 
announcements across their networks using existing websites and social media 
accounts. MapGive co-hosted an international symposium as part of an academic 
partnership with Harvard University’s Center for Geographic Analytics, delivering 
a four half-day virtual event to examine the Geography of COVID-19 Second-Order 
Impacts, that combined discussions with academics and practitioners on the fore-
front of examining global impacts on mobility, economics, and gender. The sympo-
sium included a day of demonstrations of new geospatial techniques and 
methodologies being developed to examine these issues. The large audience for the 
Symposium became so engaged on the topic that many chose to participate in a 
follow-on virtual networking event 2 months later.

This 18-month C2M2 program demonstrated that a largely virtual international 
participatory mapping research program can achieve success and overcome a num-
ber of challenges when grounded in shared field-based experiences and trusted 
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professional partnerships. Local partnerships were multi-faceted, composed of key 
community members, municipal decision-makers, and academics or NGOs with 
technical expertise. Local data created at the appropriate scale and generated accord-
ing to cultural and ethical guidelines enabled analytic visualization and map pro-
duction. Field based data generation was conducted using multiple hand-held, 
mobile devices (i.e., tablets, cell phones, drones). Ensuring the physical safety of 
any field mappers is essential and can be achieved through coordination with the 
community and adopting recommended safety measures (i.e., wearing identifica-
tion badges or outreach to community leaders to raise awareness before the data 
collection activity). These data informed the geographic tools and methodologies 
locally appropriate for our project cities in LMIC. Access to these tools through 
unique licensing relationships with private geospatial industries or the adoption of 
open source tools is part of the C2M2 approach. Key to the C2M2 program was 
training to ensure data analysis was conducted based on sound scientific practices 
and documented through creating replicable workflows. These mapping projects 
would not have been possible without having technology and infrastructure to con-
nect the program, regional hub, and project partners.

LMIC countries are challenging environments to conduct participatory mapping 
and geospatial analysis. Connectivity is central to the C2M2 program. Virtual map-
ping (Esri Story Maps, Google Earth Voyager) and virtual meetings (i.e., Zoom) dem-
onstrated how a sense of community could be built during the pandemic. Sharing 
stories of the pandemic during meetings solidified relationships and allowed for learn-
ing from each other. Adaptations to ensure communication and connectivity were suc-
cessful included video-recording presentations before meetings, targeting workshops 
to smaller groups of individuals in a single location, and keeping continuously open 
lines of communication using email, Slack, and Google folders (to share documents). 
Identifying virtual common ground across the C2M2 program meant using the appro-
priate infrastructure for mapping and analysis in a disconnected environment. For 
example, limiting the use of proprietary software if the licenses will later be prohibi-
tively expensive, and seeking to use existing open data sharing portals when possible, 
to ensure continued access to and maintenance of the data beyond the end of the pro-
gram. Partnerships with local geographic professionals, whether in academia or an 
NGO, help identify existing GIS tools and resources that can be used for a mapping 
project. The C2M2 projects overcame many challenges, including personal health 
concerns due to the ongoing pandemic, to deliver quality analytic products for their 
local decision-makers and their communities more broadly.

�Outcomes and Impacts of C2M2

Each regional hub emphasized different aspects of the pandemic due to the myriad 
geographies reflected by their locations. We asked project partners to focus on 
second-order impacts most relevant to their project communities (see Chap. 2, 
Richardson, this volume).
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�C2M2 Africa Hub

Initially, the COVID-19 impact on African countries followed a gradual trend as 
opposed to the rapid surges occurring elsewhere. However, variants of the virus 
have increased COVID-19 cases across the continent, coupled with a slow vaccine 
rollout that has seen the pandemic surge in selected countries. Africa is an important 
region to examine and understand how countries have prepared themselves to man-
age the second-order impacts of the pandemic built upon experiences of contending 
with other pandemics such as HIV, AIDS, and Ebola. Using the tools and open data 
from the 2C Initiative, the City Navigator application provides an online, interactive 
web application to share locations (i.e., health facilities) and information about 
access to services (i.e., water points) (Mblonglou et al., Chap. 10). The projects in 
Bukavu, Democratic Republic of Congo; Nairobi, Kenya; and Pemba, Mozambique 
addressed second-order impacts related to access to social services, such as educa-
tion, water, and health. The Nairobi project analyzed access to water points and 
access to technology for remote learning within two informal settlements of the 
city – Kibera and Mathere. The Bukavu project created the first ever geo-located 
database of education and healthcare facilities for the city. Pemba project partners 
also created a geo-referenced database of critical services to identify gaps in ser-
vices throughout the city.

�C2M2 Asia Hub

The Asia Hub guided three city projects: in Dhaka, Bangladesh; Kathmandu, Nepal; 
and Ulaanbaatar, Mongolia. In Dhaka, the city project studied the migration of eco-
nomically vulnerable populations to coastal regions. The project examined the 
changing economic conditions of a sub-district of Dhaka to inform adaptive strate-
gies for employment of those workers most impacted by the pandemic. In 
Ulaanbaatar, the project worked in ger communities  – informal settlements  – to 
assess access to critical health services. The local Asia Hub project partner, Public 
Lab Mongolia, created a health portal that identifies where health facilities are 
located in relation to public transportation services for ger communities. Kathmandu, 
Nepal, focused on the local economy in the form of impacts on tourism and infor-
mal employment (Karki et al., Chap. 9). The Asia Hub also created data and analy-
sis methodologies for use throughout the region.

�C2M2 Latin America Hub

Latin America experienced critical economic challenges due to the pandemic. The 
Latin America Hub focused on the spatial analysis and visualization of the emergent 
properties of poverty from the collapse of the tourism industry in different cities and 
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the resulting impact on crime and domestic violence (Mena et al., Chap. 11). The 
relationship between economic impacts and social conditions was analyzed using 
multiple geospatial tools to create heatmaps of cities experiencing increased soci-
etal problems. Specifically, projects were undertaken in Quito, Ecuador; Santiago, 
Chile; and Lima, Peru, to track the impacts of vulnerable populations in urban areas 
and their access to services and resources to address domestic violence during the 
time of government lockdowns. The hub has incorporated the results of these stud-
ies into a data portal to share models and other decision-making tools for use by 
stakeholders in the region to mitigate COVID second-order impacts.

�Conclusion and Lessons Learned for Geospatial Partnerships

The C2M2 Program supported partnerships to use geospatial data to understand 
and address second-order impacts of the pandemic (see Chaps. 9, 10, and 11 in this 
volume). The resulting project deliverables can be divided into three categories: 
data analyses to create new information about the need to improve location-based 
decisions for basic services during a disaster; data dashboards and portals to provide 
access to information for local government and communities; and story maps that 
document the pandemic and share lessons learned. The creation and dissemination 
of these products built partnerships between non-governmental organizations and 
government within our project countries and across borders between non-
governmental organizations, industry, and universities.

There are some important lessons learned from this program that can be applied 
to ongoing efforts to improve local data and address critical issues related to disas-
ters such as the COVID-19 pandemic:

•	 Short-term programs cannot address long-term problems. The C2M2 program 
continued to expand a global network based upon the 2C Initiative, but issues of 
continuity and sustainability remain. Longer-term funding is essential to sup-
porting this network.

•	 Place-based projects illuminate the importance of physical and human geogra-
phy and the multiple ways geospatial approaches can be used. Locations, such as 
urban areas, have specific needs that are varied. Vulnerable populations face 
unique challenges in both formal and informal urban areas.

•	 The value of scale-appropriate data. C2M2 projects focused on sub-city loca-
tions to examine vulnerable populations that are often overlooked in country-
level datasets.

•	 The need to identify and create georeferenced data at the sub-city scale (i.e., city 
districts or neighborhoods). Many of the city projects collected data that had 
never before been created, providing new insights for city planning and decision-
making (i.e., locations of all types of healthcare facilities such as clinics, hospi-
tals, pharmacies).
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•	 Partnerships can leverage resources and expand networks. Exploring connec-
tions with government offices and international programs can raise awareness of 
a network and create new connections. Networking with industry and non-
governmental organizations can provide additional opportunities for local 
participants.

•	 Data generation can be standardized in terms of format, attribute definitions, 
database management, and data sharing. Geospatial data generation and manage-
ment can build bridges between projects through sharing such standards.

•	 Similarly, geospatial data creation and analysis can be applied to many different 
types of data. However, it is essential to include documentation (metadata, ana-
lytical flowcharts, workflows) on processes to ensure replicability and reliability 
of outcomes and to communicate any limitations of the data.

•	 Protection of personal information and informed consent. Ethics must underpin 
surveys and georeferenced data creation. Georeferenced data reveal sensitive 
information regarding locations and people. Protection of personal information 
is a necessary part of data generation and sharing. Ensuring participants under-
stood informed consent while protecting anonymity was essential to all projects.

•	 Visualization (maps, story maps, graphs) of geospatial data can inform decision-
making. For example, creating a map of basic services and identifying where 
there are gaps in services gives a voice to communities and a representation of 
what is needed to address a problem.

•	 Sustainability is key to facilitating a network which can build robust databases at 
a variety of scales (with an emphasis on local-scale data) and continue to main-
tain and manage data and products. Numerous COVID 19-related websites and 
databases are already out-of-date and not being maintained.

A key contribution of both the C2M2 Program and 2C Initiative is the creation of 
a global network of geospatial experts to address the integrated problems associated 
with vulnerable populations. These programs will continue as participatory map-
ping partnerships are pursued to further the reach of geospatially-based problem 
solving efforts. The pandemic exposed the nature of inequalities around the world. 
This network addresses one aspect of these inequalities by developing support to 
train and support LMIC partners in the use of geospatial technologies and applica-
tions. In the digital data age, access to and an understanding of the uses of geospatial 
data is essential to data-driven decision-making and place-based solutions.
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The global impacts of the pandemic have drawn the world closer together where we 
are experiencing uncertainty with respect to international travel, strains on the sup-
ply chain for goods, and dependence upon medical science for finding solutions to 
the virus. Using case studies and examples of geospatial analyses, Part II examines 
several places around the world that have experienced the effects of the pandemic in 
different ways. Each case study uses a geographic lens that highlights the differ-
ences and commonalities across space and time where fundamental inequities are 
exposed and further exacerbated, governmental response is varied, and outcomes 
remain uncertain. This moment of global collective experience starkly reveals how 
inequality is ubiquitous and vulnerable populations – those unable to access basic 
needs – are increasing.

These case studies demonstrate different geospatial methods, models, and analy-
ses that help us to understand the pandemic. Chuluunbaatar and Sumiyasuren 
(Chap. 7) describe a health data portal that provides information on transportation 
networks and health facilities services and operating hours in peripheral, informal 
settlements of Ulaanbaatar, Mongolia. Mblonglou and John (Chap. 11) explain a 
mobile app – City Navigator – residents are using in multiple cities of sub-Saharan 
Africa. This app allows participation from citizens to upload information on a vari-
ety of city services. This was particularly helpful during the pandemic to find out 
where and when services were available.

Geospatial modeling and analyses use data to create new information. The inter-
section of statistical analysis and geospatial visualization is explored by Li et al. 
(Chap. 13) using demographic data from China of case counts, population density, 
and transmission. Campbell et al. (Chap. 14) examine the social and spatial patterns 
where the multiple factors of the pandemic interplay to create a syndemic that 
extends beyond their case study situated in Aotearoa New Zealand.

Part II
Global Impacts, Local Responses 

(Overview)

Melinda Laituri  

M. Laituri 
Colorado State University, Fort Collins, CO, USA
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The underlying theme of these chapters is an emphasis on vulnerable popula-
tions that are found throughout the world. There is no country that has avoided the 
ravages of the pandemic and attendant issues related to inequity. Two chapters focus 
specifically on the United States. Huang et al. (Chap. 8) focus on the disparities of 
demographic and socioeconomic characteristics that drive inequitable outcomes of 
the pandemic experience in terms of access to resources and vulnerability to the 
disease. Guhlincozzi and Wallace (Chap. 9) describe how the Latine community is 
impacted by the pandemic emphasizing immigration and access to health services. 
The impact of the pandemic due to stay-at-home orders changed patterns of domes-
tic violence. Mena et al. (Chap. 12) track these changing patterns through an exami-
nation of domestic violence complaints and create heat maps that identify 
aggregations of complaints over time in Quito, Ecuador. Yashadhana et al. (Chap. 
15) describe the relationship between access to community services for Aboriginal 
and Torres Strait Islanders where cultural diversity must be prioritized in providing 
critical health services.

Economic patterns were disrupted during the pandemic and these impacts were 
also unevenly distributed. Karki et al. (Chap. 10) examined the impact of the pan-
demic on tourism in Kathmandu, Nepal, where the informal tourist economy was 
particularly hard hit. Kebirungi and Mwenyango (Chap. 16) describe the impact of 
government policies on the Boda-Boda drivers of Uganda.

This place-based approach identifies how geospatial analyses and resulting maps 
depict the pandemic as it ebbs and flows across the globe. Data-driven decision 
making is needed as we navigate the pandemic and determine ways to address 
future events to enable local and regional governments in prioritizing limited 
resources to minimize the long-term consequences of COVID-19. The use of geo-
spatial approaches to data-driven decision making is fraught due to the limitations 
of the technology, the lack of appropriate data, and access to the specific geospatial 
platforms. These limitations are juxtaposed with strategies for addressing these 
issues for improving access and applications in using geospatial approaches. We 
used examples from around the world to explore the outcomes of the pandemic and 
how various places adapted and reacted to this global event through spatial analysis.

Global Impacts, Local Responses (Overview)
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Chapter 7
Improving Access to Health Services 
in Mongolia via Open Data During 
and Beyond the COVID-19 Pandemic

Enkhtungalag Chuluunbaatar , Erdenetsogt Sumiyasuren , 
Byambatsetseg Lkhagvasuren , and Nyamsuren Tsadmid

�Introduction

Mongolia faces a unique challenge amid the COVID-19 pandemic. The least densely 
populated country in the world has half of the population living in the rapidly urban-
izing capital city of Ulaanbaatar. The centralized health services and inadequate and 
unequal access to available health services both in urban and rural areas exacerbate 
the impacts of the pandemic on the population.

The Cities’ COVID Mitigation Mapping (C2M2) program is an initiative of the 
Office of the Geographer and Global Issues at the U.S. Department of State that 
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The COVID-19 pandemic has been full of new and old challenges for many 
around the globe. The Public Lab Mongolia team has also been impacted by 
the pandemic on a personal level where every staff, implementing partners 
and their families, contracted the virus at some point during the pandemic. We 
all faced the challenges with health and medical service access during the 
pandemic while working on precisely this issue in Mongolia. Some of us were 
stranded abroad, and we learnt to navigate working remotely across several 
time zones as well as finding ways to conduct fieldwork during lockdowns 
and social isolation. The insights from our own personal experiences with dif-
ficulty in healthcare information and access helped inform the project adapt to 
the changing social, policy and economic circumstances. We believe that our 
project in Ulaanbaatar has established a solid foundation for facilitating health 
service access across the country because of its relevance to our own lives 
during the pandemic. Public Lab Mongolia team
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builds partnerships to enhance geospatial capacity, generate data, and share maps to 
support planning for mitigating COVID-19 second order impacts.

The C2M2 Ulaanbaatar project is focused on reducing the second-order health 
impacts due to the COVID-19 pandemic for the vulnerable population of the capital 
city. We worked to create a comprehensive health service information portal of all 
available health services. The health service information portal would facilitate 
access to available health services for the city’s population during the pandemic. We 
identified high risk areas and worked to facilitated health service access for the resi-
dents of the capital city, more specifically, for the ger area. The ger1 area is com-
posed of settlements not connected to central infrastructure such as running water, 
centralized heating, and sewerage. The centralization of health services in the city is 
primarily located around in the city center, leaving the ger area residents inade-
quately serviced.

In order to alleviate the existing challenges with inadequate health services, 
exacerbated by the pandemic, the project worked to provide an easy, safe, and reli-
able way for the residents of the capital city to find and access health and medical 
services during the pandemic.

�Impacts of COVID-19 on Health Service Access in Mongolia

Mongolia remained COVID-19 free until November of 2020, except for the 
imported2 cases. Since the first community outbreak of the COVID-19 virus, the 
number of cases soared and continues to climb despite the high vaccination rate in 
the country (https://covid19.who.int/region/wpro/country/mn).

There is very little data, if any, in terms of sizing up the quantifiable impact of 
change in the level of access to health and medical services during the COVID-19 
pandemic. In December 2020, one in three Mongolians who needed health or medi-
cal services did not receive it. As of October 2021, one in five people who needed 
health and medical services did not receive them. The reasons for this inaccessibil-
ity to health and medical services include fear of contracting the virus, health and 
medical facilities being full, and lack of transportation or means of mobility (World 
Bank, 2021).

We expect that the financial access to health and medical services has decreased 
due to overall decline in income as well as increase in the price of stable food prod-
ucts (Graceffo, 2022), especially for low-income households. News reports also 
indicate closures of various essential, non-COVID-19-related health and medical 
services such as rehabilitative services, urgent care, oncology, and so on 
(Khukhnokhoi, 2021).

1 Ger means “home” in Mongolian and is a traditional Mongolian housing made from circular 
wooden frame and felt covering.
2 The imported cases were those who entered Mongolia with COVID-19 infection and were quar-
antined upon arrival at a government-run isolation facility to prevent community outbreak.
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Unfortunately, there is no comprehensive data which documents the changes in 
the level of access to health and medical services and its impact on the population. 
Anecdotally, several deaths and numerous stories of challenges in health service 
access have been reported as a result of inability to access emergency or other medi-
cal services due to lockdown measures, physical or geographic distance, and other 
COVID-19 policies (Tsetseg, 2020).

�Examples of Reported Cases of the Impact of Health 
Service Access

On December 8, 2020, a woman from Arkhangai province died at the Ulaanbaatar 
city‘s border due to travel restrictions and being unable to access emergency medi-
cal care (TIME, 2020). According to the World Bank Household Survey Round 3, 
in December 2020, “1 out of 3 who needed medical treatment did not receive ser-
vices, mainly due to people’s concerns of contracting the virus and mobility restric-
tions”. On January 8, 2021, a woman needing post-operative treatment was unable 
to get the health/medical care she needed at the public hospital due to COVID-19 
outbreak at the facility. The family could not afford private medical care. One of the 
most notable news relating to healthcare access in Mongolia happened on January 
21, 2021, where a new mother and her newborn were promptly taken out of the 
maternity hospital, under what the public considered inhumane conditions, after she 
was confirmed to be COVID-19 positive, sparking a public outburst (AFP, 2021).

In June of 2021, a COVID-19 positive man dies from complications shortly after 
being denied medical care and sent home. Ambulance and other health and medical 
services are unavailable to many during the pandemic. On June 22, 2021, the 
Minister of Health announced that the country is in deficit of health infrastructure 
and human resources, especially specialists in intensive and emergency care. 
Volunteers are called for, in addition to mobilizing resident doctors and final year 
medical students (Enkhbold, 2021).

Due to increased workload and minimal pay, health workers protested outside 
the government building on July 6, 2021, demanding additional wages amidst com-
batting the increasing COVID-19 cases.

�Health Service Information Access Behavior

Before we began the project, we conducted an informal interview with randomly 
selected people of all ages, occupations, and regions to confirm or reject our assump-
tion that people in Mongolia mostly rely on word-of-mouth information sharing 
when it comes to health service access.

Word-of-mouth inquiry was the most common among interviewees from the out-
skirts or rural areas or those with less online search experience or skills. We infer 
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from this that many of the rural population, the elderly, and those from low-income 
or low-education households would rely most on this method of obtaining informa-
tion about health services. The word-of-mouth inquiry is often used when a person 
knows someone in the health sector, especially doctors in their social circle. 
Therefore, not everyone can also take advantage of the word-of-mouth way of get-
ting information about health and medical services.

In-person inquiry refers is where a person would visit the health service site 
personally by commuting to get the information and possibly getting the service 
itself. We observed that people who travelled into the city from rural areas for health 
or medical services or those who recently moved to the city and are still unfamiliar 
with the city tend to resort to this method of inquiry. This method of inquiry is 
highly time and energy intensive as one must commute, search for the location, and 
wait in line in order to get the information on site. We infer that many of the recent 
migrants in the capital city, living in the fringes of ger area will rely on this 
inquiry method.

Online inquiries include phone calls, social media, and search engines. Most 
interviewees expressed that they prefer to talk to someone rather than search for 
information on websites or social media pages for reasons such as a lack of online 
research experience and uncertainty about whether the information found is reli-
able. However, the way to get the phone number for health services is to call an 
information call center to get the number for the service provider or search online. 
The call centers may not always have the detailed, or up-to-date contact information 
for smaller private health or medical service providers. Social media pages are com-
mon. However, the amount and reliability of the information is an issue. Search 
engine results are also sporadic and uncomprehensive and can be out of date.

The informal interviews confirmed our assumption that a comprehensive health 
service information portal would be highly beneficial.

�State of Data on Available Health Services

The information on available health services was not only inaccessible but also, to 
a certain extent, unavailable. There was no comprehensive, up-to-date database of 
available health service providers. While we found sets of data on health services in 
various formats such as Excel, PDF, and lists published on websites, there was no 
comprehensive dataset to rely on completely.

We worked with the multiple sets of available data to triangulate and develop a 
final list of health services. The final list contains information such as name, loca-
tion/address, contact information, opening hours, wheelchair access, services avail-
able, and whether the service provider is a private or public entity. However, we 
found that the information on the health service providers was not accurate, espe-
cially regarding location. This prompted the unforeseen need to carry out an exten-
sive level of fieldwork. The fieldwork was completed section by section of the city, 
where project staff and volunteer mappers went around the assigned administrative 
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units of the city to collect any available health services such as hospitals, pharma-
cies, dentists, and clinics. The field mappers used the ArcGIS Survey123 tool to 
collect data, mostly from outside of the Point of Interest, and did not go inside the 
health services to prevent infection, in addition to wearing masks, using hand sani-
tizers, and social distancing.

Our interaction with some key stakeholders in the health sector, including the 
Ministry of Health, revealed this data gap to be the case. A government agency 
responsible for registration and licensing of health service providers, Medicine and 
Medical Equipment Registration Agency, sought our support in presenting the loca-
tions of available health services to the Ministry of Health of Mongolia. We pro-
vided an online link to the collected health service data and also prepared static 
maps of any available health services by administrative boundaries.

Similarly, the National Emergency Management Agency (NEMA) benefitted 
from the health service database and the improved OpenStreetMap data developed 
by the project in COVID-19 response. NEMA uses OpenStreetMap as one of its 
main geospatial tools. This was especially relevant when we trained local volunteer 
mappers in 21 provinces to map health and other essential services in all 21 prov-
inces outside Ulaanbaatar, covering the whole country. The data collected are in the 
process of getting inputted onto OSM for public use.

�Challenges with Open Data in Mongolia

The culture of open data has been a significant barrier for Mongolia’s development, 
despite laws and policies describing access to information (Mongolian Law on 
Information Transparency and Right to Information, 2011).

Inaccessibility and unavailability of more detailed and granular public data pres-
ent a challenge for all sectors in making informed decisions. For example, we were 
unable to obtain a consistent, complete, up-to-date, and granular set of socio-
economic status data. Each dataset, we were able to obtain only for certain districts 
or settlements of the city of Ulaanbaatar, from different years, and at district or 
large-scale level. Khoroo, or the smallest administrative unit-based data, was lack-
ing consistently. These challenges limited our ability to further our vulnerability 
assessment.

The vulnerability assessment was developed using existing data on available 
essential services such as water, health, education, transportation, and grocery 
stores. It is intended to provide a visual illustration of the communities in Ulaanbaatar 
with the least access to such services to inform government and non-governmental 
stakeholders.

Moreover, the use and availability of geospatial data remains limited with key 
challenges in terms of recency, completeness, and reliability. The overall limited 
technical capacity at all levels of government entities results in poor or nonexistent 
geospatial data. More importantly, the lack of technical GIS capacity at the lowest 
level of public administration is the key barrier because all the data is collected 
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through the primary level of administration where key surveyors are not trained or 
equipped with the tools and knowledge necessary.

Most government organizations use paid geospatial services such as Mapbox, 
Google Maps, or ArcGIS or more commonly contract paid map services from a 
private sector. Our meetings with government stakeholders illustrate the lack of 
understanding, awareness, and technical capacity for OpenStreetMap or open-
source geospatial tools. While geospatial data is becoming more available, there are 
a few efforts to develop public GIS databases. The efforts are uncoordinated and 
uncollaborative and lack sustainability planning. For example, two different minis-
tries may commission nearly identical GIS projects to a private service provider 
without ensuring technical capacity within the government agencies. Such projects 
soon run out of resources to hire private service providers and maintenance, trouble-
shooting, and future developments are halted, resulting in outdated, failed platforms.

�Description of the Health Service Information Portal

The health service information portal can accommodate nation-wide health service 
data and search functions from a technical standpoint. The project team was able to 
collect and verify health and essential services data from 21 provinces outside the 
capital city of Ulaanbaatar. Inputting the collected and verified data for the prov-
inces outside the capital city would establish the portal as the first-ever national 
health service search tool that is available (Fig. 7.1). More importantly, extending 
the product nationally would significantly improve usership and therefore sustain-
ability and enable further development of the portal.

Users in Mongolia can search or browse any available health services at https://
www.i-med.mn/. A user can search by using filters including location, service 

Fig. 7.1  Health service information portal
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specialty, a specific service, wheelchair access, opening hours, etc. The browsing 
function allows the user to use the zoom function on the website to browse available 
health services near them. The mobile app of the portal, I-Med, is also available for 
Android phone users with additional functions such as navigation, sharing, and sav-
ing a specific point of interest.

The portal is a good foundation to provide information about health services in 
one place. One of the key functions of the portal also allows users to leave a com-
ment and rate the service they have received from a specific health service provider, 
be it a hospital, a family clinic, or a dentist. The data collected are still being input-
ted into OSM as the portal’s reference map base. As more data is inputted and more 
users are using i-med as a reference tool, the quality will continue to improve.

�Conclusion

Based on the project results, challenges, and successes, we have compiled a list of 
recommendations for government and other stakeholders. First, an inter-sectoral 
stakeholder collaboration is recommended to ensure up-to-date, comprehensive, 
geo-location data of available health and medical services in the country. Second, 
building local, technical capacity in GIS and geospatial data management for gov-
ernment stakeholders to maintain and update health and medical service databases. 
Third, provide timely, useful, easy-to-understand information and resources related 
to accessing health and medical services on the public-facing information portal 
where detailed information about available services is accessible.

One of the most important future components of the work carried out during the 
project is to conduct large-scale awareness and engagement activities for the public, 
especially those located in areas with higher vulnerability factors. In line with 
awareness and outreach activities, capacity building, community building and 
expanding, local representative training workshops, outreach, and engagement 
activities are recommended to improve and strengthen the existing OpenStreetMap 
community in Mongolia, but also to promote the culture of open data in the country.

�About Public Lab Mongolia

Public Lab Mongolia was founded in 2018 because we saw the need for a voice that 
advocates for a meaningful collaboration among stakeholders such as civil society, 
academia, government, and the media. We work to promote the culture of open data 
so that different actors, leaders, and communities can address the environmental and 
public health challenges of today and tomorrow by engaging in informed and inclu-
sive discussions. Our mission is to cultivate a healthy environment and resilient 
communities through open data. We work to foster data-based decision-making and 
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increase youth contribution in achieving sustainable development goals via open 
data by creating and improving data on environment and environmental health issues.
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Chapter 8
The Inequities in the United States During 
the COVID-19 Pandemic

Xiao Huang , Siqin Wang , and Xiao Li 

�Introduction

I couldn’t help sitting there reflecting about sometimes when you’re in the middle of a cri-
sis, like we are now with the coronavirus, it really does … ultimately shine a very bright 
light on some of the real weaknesses and foibles in our society—Anthony Fauci, Director 

Personal Story
As the leading author of this chapter, I am grateful for being invited to con-
tribute to this book. I was born in Wuhan, China, where the initial outbreak of 
COVID-19 was first declared. My strong ties with Wuhan motivated me to 
devote my time and direct my research focus to the investigation of the 
COVID-19 pandemic, hoping to make some contributions to the understand-
ing of the COVID-19-induced societal impact with my data mining expertise. 
In August 2020, I became an Assistant Professor in the Department of 
Geosciences at the University of Arkansas. Despite the fact that I had to work 
from home during the 2020 Fall and 2021 Spring semesters, I was able to 
maintain my daily routine without worrying about the economic burden. 
However, not everyone has such a privilege as I do. For many people, being 
able to work from home is a dream. Vulnerable populations have far fewer 
economic opportunities, and the jobs they hold do not have a work-from-
home option. I started to realize that the long-standing social inequity in the 
US has  disproportionately affected spatially and socially disadvantaged 
groups and lead to other inequalities in their daily lives. The consequences are 
probably worse than we have anticipated. Xiao Huang
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of the National Institute of Allergy & Infectious Diseases, White House Coronavirus 
Task Force.

Major disasters make the poor poorer, if not the rich richer. The COVID-19 pan-
demic we are facing is not an exception. Amidst the COVID-19 pandemic, inequi-
ties and biases have become more visible, as many pieces of evidence reveal that the 
pandemic affects all segments of the population and is particularly detrimental to 
members of those social groups in the most vulnerable situations. In this chapter, we 
aim to summarize relevant studies that reveal, analyze, and discuss the inequities in 
the United States during the COVID-19 pandemic from three different perspectives: 
(1) inequity in COVID-19 testing rates, confirmed cases, and mortality, (2) inequity 
in stay-at-home compliance and short-/long-term recovery, and (3) inequity in vac-
cination tendency, vaccine allocation, and vaccination rate. These inequities that 
disfavor the vulnerable populations (a group of people who are less able to respond 
to, cope with, resist, and/or recover from the impacts of the COVID-19 pandemic) 
can further compound other disadvantages, such as underlying comorbidities and 
poor access to high-quality medical care, further causing negative health outcomes 
for the vulnerable populations. This chapter summarizes evidence that unravels the 
disparity potentially triggered by sociodemographic inequities and other imposed 
inequities in terms of infected cases, policy compliance, and vaccination. We pro-
vide further suggestions on mitigation strategies to reduce the potential inequity and 
vulnerabilities induced by future epidemics.

�Inequity in COVID-19 Testing Rates, Confirmed Cases, 
and Mortality

A growing number of studies have demonstrated that the COVID-19 has dispropor-
tionate impacts on the population, more profoundly influencing the vulnerable ones. 
A range of social issues (e.g., discrimination and segregation) and underlying health 
inequities expose vulnerable populations to a higher risk of infection, developing 
severe illnesses, and eventually dying from COVID-19. This section summarizes 
the emerging evidence from existing studies to illustrate the inequities in the 
COVID-19 testing rates, confirmed cases, and mortality. We also explore the poten-
tial causes of these disparities and discuss the suggested interventions.

�Testing Rates

COVID-19 testing plays a vital role in preventing viral spread. Equitable and acces-
sible testing can help people determine if they have been infected, leading to the 
proper action of self-isolation and timely treatment. However, the testing sites were 
not equally distributed. The disparities of testing rates exist among different 
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population groups and geographic contexts (e.g., communities and counties). For 
example, Dalva-Baird et al. (2021) conducted a nationwide study to examine the 
racial and ethnic composition of neighborhoods surrounding COVID-19 testing 
sites in the US. They compared the current distributions of testing sites with the 
simulated random distributions. The results demonstrated that testing sites were not 
equally distributed by race, underrepresenting minority populations, especially the 
Hispanic residents. The low testing rates among Hispanic residents led to an 
increased disparity in their mortality. Some studies found that socially vulnerable 
communities were associated with lower testing rates. For example, Bilal et  al. 
(2021) examined the relationship between communities’ social vulnerability levels 
and testing rates in three US cities – New York, Philadelphia, and Chicago. They 
modeled the relationship between the test rate and the Social Vulnerability Index 
(SVI) published by the US Centers for Disease Control and Prevention (CDC) 
through the analysis of a negative binomial regression. Figure 8.1 presents the CDC 
SVI (the 2018 version) in the contiguous US at the census tract level. The results 
from Bilal et al. (2021) showed that a higher level of social vulnerability was associ-
ated with 3%, 9%, and 13% lower testing rates in New  York, Philadelphia, and 
Chicago, respectively. In fact, the disparities in testing rates do not just exist at the 
community or city level; studies found that countries distinct in socioeconomic sta-
tuses were significantly associated with different testing rates. Marziali et al. (2021) 
examined the testing rates of 86 countries with a group of selected socioeconomic 

Fig. 8.1  Social Vulnerability Index (SVI) in 2018 at the census tract level in the Contiguous US 
from the US Centers for Disease Control and Prevention. The variable mapped here is the overall 
tract summary ranking, i.e., “RPL_THEMES” in the dataset. Tracts with higher values (higher 
levels of vulnerability) are more vulnerable to the pandemic, thus demanding more attention and 
care from governments and public sectors. SVI values are classified into ten groups via the quan-
tile method
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factors, including the Human Development Index (HDI), health expenditure, uni-
versal health coverage (UHC), and urban population. They found that testing rates 
were significantly correlated with the HDI and urban population at the country 
level; developing and underdeveloped countries with a lower HDI may experience 
a higher burden of conducting widespread testing, leading to a global inequity in 
COVID-19 testing.

�Confirmed Cases

Existing studies suggested a disproportionate burden of illnesses among racial and 
ethnic minority groups. For example, the CDC systemically examined the con-
firmed COVID-19 cases by race and ethnicity. The available data demonstrated that 
higher rates of confirmed cases were observed from non-White communities. For 
example, 34% of confirmed cases were Black Americans, who account for only 
13% of the total US population. Latinos and Hispanics also showed higher rates of 
infection (Garg et al., 2020). A similar result was obtained by Mude et al. (2021), 
who conducted a systematic review by summarizing 72 selected studies to examine 
the racial disparities in COVID-19 confirmed cases. This study demonstrated that 
Blacks and Hispanics experienced significantly higher percentages (156% for 
Blacks and 154% for Hispanics) of COVID-19 confirmed cases compared to Whites. 
Besides the racial disparities, income inequality can also contribute to the disparity 
in confirmed cases. Liao and De Maio (2021) assessed the association of income 
inequality with the COVID-19 confirmed cases in 3141 US counties. This study 
demonstrated that, in general, a higher level of income inequality is associated with 
a higher level of infected cases. Meanwhile, residents living in socially vulnerable 
communities were more likely to get infected. As reported by Bilal et al. (2021), the 
communities with higher SVI were associated with 22%, 33%, and 27% higher 
confirmed cases in Chicago, New York, and Philadelphia, respectively.

�Mortality

The inequities in testing rates and confirmed cases inevitably caused and exacer-
bated the disparities in COVID-19 mortality. The aforementioned studies also dem-
onstrated a more severe inequity issue in COVID-19 mortality compared to the 
testing rates and confirmed cases (Liao & De Maio, 2021). For example, Bilal et al. 
(2021) found that socially vulnerable communities were associated with 44%, 56%, 
and 58% higher mortality in Chicago, New York, and Philadelphia; the mortality 
burden is significantly higher than the testing rates and confirmed cases. A recent 
report published by the APM Research Lab showed that Pacific Islanders, 
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Indigenous, Latino, and Black Americans have a much higher death rate—double or 
more—than White and Asian Americans (APM Research Lab, 2021). Garg et al. 
(2020) also reported similar mortality disparities that Black and Hispanic Americans 
experienced substantially higher death rates than White persons. Studies showed 
that the confirmed COVID-19 patients with previous comorbidities, including car-
diovascular disease, hypertension, and diabetes, are more likely to develop severe 
symptoms or even lead to death. These comorbidities, however, are more prevalent 
in racial/ethnic minorities and socially vulnerable communities (Raifman & 
Raifman, 2020). It implies that, even at equal levels of viral exposure, the vulnera-
ble populations could experience higher burdens and more severe consequences 
from COVID-19.

�Discussion and Policy Implications

Health equity is among the primary goals of most governments and public health 
agencies. However, the apparent inequity in COVID-19 testing sites, confirmed 
cases, and mortality suggests we are still far from reaching this goal. The CDC 
selected five social determinants of health that could lead to the vulnerable groups 
being disproportionately affected by COVID-19, including neighborhood and phys-
ical environment, health and healthcare, occupation and job conditions, income and 
wealth, and education (CDC, 2020). However, some long-standing social issues, 
such as discrimination, racism, and segregation, significantly influence these social 
determinants. Note that modern US cities are characterized by strong residential 
segregation by both ethnicity and income. The racial and residential segregation 
result in stark differences across communities in multiple factors, such as household 
crowdedness, access to reliable transportation, assess to quality healthcare, job 
opportunities and types, the privilege of working from home, quality of living envi-
ronments, among others (Ellis et al., 2004; Phillips, 2007). These factors, directly or 
indirectly, exacerbated the transmission of the virus and the severity of illness, 
exposing the minorities and socially vulnerable communities to higher risks. To 
stop the spread of COVID-19 and protect vulnerable populations from future pan-
demics, greater efforts must be made toward promoting health equity. On the one 
hand, governments and public agencies need to ensure resources (e.g., free testing, 
affordable treatments, tailored medical, and mental healthcare) are equitably dis-
tributed and accessible for all people, helping them maintain physical and psycho-
logical health during the pandemic. On the other hand, policymakers, urban 
planners, and healthcare providers need to consider the negative impacts of segrega-
tion and racism when making health equity strategies. Effective solutions and poli-
cies are needed to address the structural factors linked to income inequality, racism, 
and segregation, which could fundamentally minimize the burden of the pandemic 
and promote population health and health equity.
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�Inequity in Stay-At-Home Compliance and Short-/
Long-Term Recovery

Social distancing has emerged as one of the most widely adopted nonpharmaceuti-
cal control measures to curb the viral spread, as it has been proved to effectively 
reduce physical contact with viral sources, thus decelerating the transmission rate. 
The US federal and local governments have issued stay-at-home orders to close the 
majority of nonessential businesses and limit the outdoor activities and large gather-
ings of residents, leading to a sharp decrease in human mobility and an increase in 
home-dwelling time (Huang et al., 2020a, 2022). On April 4, 2020, 95% of the US 
population was under stay-at-home orders (Baek et al., 2020). However, keeping 
people from unnecessary outdoor activities in rich and/or poor regions, in urban 
and/or rural areas, and in authoritarian and/or open societies is the ultimate human 
challenge (Van Rooij et al., 2020). These mitigation measures implemented in the 
US, with different temporal coverage, effectiveness, and stringency, have a volun-
tary nature (Rose-Redwood et al., 2020). People with different socioeconomic sta-
tuses and demographic backgrounds tend to respond differently to the implementation 
and lifting of restrictions, which exaggerates the discrepancies in stay-at-home 
compliance and short-/long-term recovery. This section summarizes the studies that 
reveal the disparity in stay-at-home compliance and recovery and explore the poten-
tial factors that lead to such disparity. We also discuss what can be suggested for 
better policymaking.

�Stay-At-Home Compliance

Efforts have been made to investigate the disparate responses to stay-at-home 
orders. Many pieces of evidence at various scales have been found, pointing to the 
social construct largely determined by demographic and socioeconomic variables 
(Huang et  al., 2020b, 2022; Chiou & Tucker, 2020). Taking the Atlanta-Sandy 
Springs-Roswell metropolitan statistical area as a study case and utilizing 45 mil-
lion digital devices in the US, Huang et al. (2020b) explored how people with demo-
graphic/socioeconomic backgrounds respond differently to the stay-at-home order. 
Their study suggested that demographic/socioeconomic variables can explain the 
disparity in home-dwelling duration in response to the stay-at-home order. 
Vulnerable populations are less likely to follow the order to stay at home, pointing 
to the extensive gaps in the effectiveness of social distancing measures between 
vulnerable populations and others. An extended study of the twelve most-populated 
metropolitan statistical areas in the US investigated, from a modeling perspective, 
the contribution of selected demographic/socioeconomic variables to the increase in 
home-dwelling time when stay-at-home orders were effective (Huang et al., 2022); 
their results indicated that median household income and percentage of high income 
are the two most important variables in predicting the increase in home-dwelling 
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duration, which proved the dominance of economic status in driving the adherence 
to stay-at-home orders. Similarly, Chiou and Tucker (2020) revealed that high-
income earners generally spent more time at home during stay-at-home orders and 
stated that access to high-speed Internet potentially plays a vital role. Besides the 
above efforts, other studies have linked racial/ethnic composition, risk awareness, 
educational attainment, and political affiliations to the disparate stay-at-home pol-
icy adherence.

�Short-/Long-Term Recovery

Numerous efforts have been made to explore the disparity in recovery that presum-
ably results from the disparity in sociodemographic settings. Leveraging multi-
source mobility datasets from Google, Apple, Descartes Labs, and Twitter, Huang 
et  al. (2021) investigated how people reduced their travels during the mobility-
restricting period and how mobility recovered after the reopening at the US county 
level. Their results revealed a great disparity in mobility dynamics in the recovery 
phase, as the poor counties tended to gain earlier and greater upward momentum in 
mobility following the lifting of stay-at-home orders than the rich counties. Such a 
rapid, short-term recovery following the lifting of stay-at-home orders in poor com-
munities can be explained by their employment types with limited options to remote 
working and their economic burdens that need to be addressed, which potentially 
caused unequal exposure to COVID-19 that disproportionately affects vulnerable 
groups (Huang et al., 2021). As for long-term recovery, even though it is difficult to 
decide (at the time of writing) when the post-pandemic recovery really starts, 
numerous endeavors have been made to investigate whether the degree of long-term 
recovery differs in communities with varying demographic and/or socioeconomic 
characteristics. One notable effort was by Saenz and Sparks (2020), who provided a 
broad and comprehensive overview of the inequities in job losses and recovery 
using data from the US  monthly Current Population Survey microdata from the 
Integrated Public Microdata Series (IPUMS – CPS). Their results suggested that, by 
June 2020, Blacks and Latinos had about 12% fewer jobs than they held in February, 
compared with 7.5% job losses among Whites. Meanwhile, women have experi-
enced higher likelihoods of unemployment than men during the pandemic, with 
women of color and Latina immigrant women having the most elevated jobless rates.

�Discussion and Policy Implications

The disparate exposure to vulnerable populations resulting from the stay-at-home 
compliance and rapid bounces following the lifting of orders can further compound 
other disadvantages, such as underlying comorbidities, limited access to COVID-19 
testing centers, and poor access to and low utilization of high-quality healthcare, 
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further causing negative health outcomes for the vulnerable populations. Mitigation 
measures at all levels need to recognize and account for the disparity in policy com-
pliance and recovery due to these inequities, keeping the public value of social 
equity at the forefront of actions to support stronger, more effective readiness for 
future epidemics. As for the disparity in long-term recovery, attention should be 
paid to the differences in vulnerability across sectors, which could create dispropor-
tionate risk levels for lower-income workers, minority business owners, and busi-
ness owners with less educational attainment. Protecting small businesses owned by 
vulnerable populations from permanent closure is of great importance, given the 
many roles they play in the economy as employers, engines of entrepreneurship, 
economic multipliers, and community hubs (Dua et al., 2020). It is imperative to 
reduce immediate health effects and ensure equitable allocation of healthcare 
resources and the proper allocation of financial resources, such as subsidies, for 
more vulnerable populations.

�Inequity in Vaccine Tendency, Vaccination Allocation, 
and Vaccination Rate

Apart from the inequity described in the preceding two dimensions, inequity also 
exists in vaccination tendency and vaccine allocation, which collectively lead to 
inequity in vaccination rates. Current estimates suggest that 60–90% of the US pop-
ulation will need to be vaccinated to reach herd immunity in order to effectively 
interrupt virus transmission (Bartsch et al., 2020). However, vaccination rates vary 
across population groups and geographic contexts, in tandem with the inequity in 
vaccine tendency amongst people with different demographic and socioeconomic 
statuses and the disparity of vaccination allocation across urban and rural spaces. 
We illustrate below how the vaccination tendency, vaccine allocation, and vaccina-
tion rate are intertwined and speculate on the mechanisms behind the inequity in 
these three aspects based on the findings and observations from existing studies.

�Vaccine Tendency

Prior research has unveiled that demographic and socioeconomic factors, such as 
age, sex, race/ethnicity, income, and education, are correlated to vaccine tendency 
(Szilagyi et al., 2021). Demographic and socioeconomic factors are understood to 
be dimensions of social positioning, reflecting life chances and experiences, subse-
quently influencing the attitude, perception, and assessment of risk in the context of 
vaccination (Duan et al., 2021). Current studies commonly observed that vaccine 
hesitancy varied by race and ethnicity. For example, Black/African Americans have 
reported the highest vaccine hesitancy and the lowest vaccine confidence (Duan 
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et al., 2021). The high level of their vaccine hesitancy would be concerning of vac-
cine safety on their own but also combined with the worrisome evidence that 
COVID-19 is exacting a disproportionate financial burden on racial minorities. In 
addition, racism within the medical establishment has been deeply rooted in the his-
tory of racist exploitation and past instances of medical experimentation, possibly 
triggering the distrust of the medical care system that may be more prevalent among 
racial and ethnic minority populations (Willis et al., 2021). The inequity in vaccine 
hesitancy by race and ethnicity could be further exacerbated by other factors, includ-
ing age, education, employment, financial status, and health conditions. A certain 
social group with the privilege of working from home (e.g., Internet-based workers) 
or with private medical insurance may have a lower intention of getting vaccinated 
than the essential workers who must work on-site with more risks of virus infection 
(Huang et al., 2022). Age and education may also affect the receiving of information 
about vaccination disseminated by the government and other authorities, given the 
various access to Internet, public and social media among people at different ages 
and educational levels. The existing inequity in individual health risks may also 
influence vaccine hesitancy among the US non-Hispanic Black, Hispanic, and 
American Indian/Alaskan Natives (Willis et al., 2021), as certain types of vaccines 
(e.g., Moderna and Pfizer) may bring larger risks to people with the onset of chronic 
conditions, such as cardiovascular disease, pulmonary disease, and diabetes. Taken 
together, the safety concern, improper dissemination, and misleading perception of 
vaccines potentially relate to the inequity in the vaccine that should be addressed 
essentially by vaccination authorities and governments as the priority.

�Vaccine Allocation

The equitable allocation of vaccines means that all areas should have equitable 
access to vaccines regardless of their socioeconomic status and topographic barri-
ers. However, it was widely noted that rural/regional areas and socioeconomically 
disadvantaged areas have more difficulties in accessing vaccines (Bachireddy et al., 
2021). People of color (e.g., Black and Latinx communities) were observed to be 
less likely to have private medical insurance, sufficient access to private transporta-
tion, and healthcare facilities. These disadvantages make it difficult for these com-
munities to get vaccinated and strengthen the disproportionate impact of the 
pandemic on these groups (Szilagyi et  al., 2021). In addition, the distribution of 
vaccines was imbalanced across urban and rural spaces, possibly due to the avail-
ability of physicians and nurses that have the capability to give vaccines. Although 
the US government dispatched mobile vaccine clinics in remote and rural areas, 
they may be insufficient in provision to cover the population living in such areas, 
particularly when most vaccines need more than one dose. The imbalanced distribu-
tion of vaccines may also be related to the effectiveness and stringency of vaccina-
tion policies (Agarwal et al., 2021). Some states (e.g., California and Connecticut) 
that started vaccination uptake at an earlier stage or implemented vaccination 
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policies more restrictively have obviously higher vaccination rates (Hughes et al., 
2021). With the principles of equity, ethics, and effectiveness, the strategies for the 
equitable allocation of COVID-19 vaccines should be prioritized to offer an over-
arching guideline for vaccine deployment to assist policymakers in governments at 
various levels.

�Vaccination Rate

Taking the preceding mechanisms to explain the inequity in vaccine tendency and 
allocation, it would be easier to understand the inequity in vaccination rates that 
need to be analyzed in the context of the dynamic process of infection, policy impli-
cations, and vaccine tendency and allocation (Agarwal et al., 2021). The reasons for 
the inequitable vaccination rates are multifactorial. People who have been infected 
by COVID-19 or residing in high-risk areas may have a stronger intention to get 
vaccinated. Areas and regions (e.g., California, Connecticut, and Florida) where 
vaccination policies were implemented effectively and stringently may have vac-
cine rollout and uptake more quickly, leading to a higher vaccination rate (Hughes 
et al., 2021). Moreover, the demographic and socioeconomic profiles of communi-
ties and their locations matter. Racial and ethnic minorities or communities in a 
lower socioeconomic status may be more likely to have barriers to obtaining suffi-
cient access to transportation, insurance, and health facilities where they can get 
vaccines. Such barriers were also exposed to those living in rural and remote areas. 
Therefore, policy implications can be given to address the current issues in vaccine 
tendency and allocation to boost vaccination rates, with recommended initiatives 
detailed as below.

�Discussion and Policy Implications

To diminish the concern and hesitancy about vaccination, governments and health 
authorities should provide proper education and dissemination of vaccination to all 
populations, correcting the misinformation and false perception of vaccine safety. 
Meanwhile, clinicians, physicians, and other healthcare professionals should admin-
ister vaccines, make better use of the vaccines already at their disposal, and strongly 
recommend vaccines to all patients. Empowered and visible community/political 
leaders need to set an example. Multiple parties (e.g., non-profit organizations, faith-
based entities, and community leaders trusted by racial and ethnic minorities) should 
partner up to establish trust and identify the best ways to meet the healthcare needs of 
disproportionately affected populations. To overcome the barriers in vaccine alloca-
tion, it is critical to pair the rising interest in vaccination with improved access to vac-
cines. Legislation that provides financial support to local communities, including 
critical access hospitals and mobile clinics in remote/rural areas, may provide 
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continued medical services and attract physicians to work and distribute vaccines to 
such areas. Furthermore, vaccine outreach to vulnerable populations will need to con-
tinue and even intensify these efforts. It is recommended to create hotline supports and 
telephone-based appointment systems to help those who cannot access the Internet. 
Taking on board the initiatives in the preceding two aspects, vaccination rates are 
expected to increase more equally to better achieve the threshold of vaccination cover-
age that would need to prevent the virus from spreading in the long term.
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Personal Stories
I stood under a tent in the rain-soaked parking lot to collect information from 
food pantry visitors, taking dozens of English and Spanish ID cards, some 
plastic, some fragile paper. I needed to quickly gather crucial information 
from every participating household. While dodging raindrops, the paper form 
I scribbled information on slowly became saturated. Pursuing brevity, I used 
shorthand for nearby towns and dashes for no information. Through an oft-
used KN-95 mask, I shouted over the rain in Spanish and English, “How 
many? “Cuántos personas?” straining to hear the shouted answers through 
many accents and rain hammering on the tent above me, contorting words. 
Tres became seis, and street names I drove on daily became unrecognizable. I 
tried my best to transcribe it all. By closing time, I had four soggy pages of 
attendee information, each record listed with questionable legibility. I walked 
inside, submitted the records, and breathed relievedly, seeing the tacos al pas-
tor awaiting volunteers. I forgot about the records written in my rain-addled 
shorthand and enjoyed my meal. Aída Guhlincozzi

The COVID-19 pandemic meant balancing either—in fear—avoiding 
healthcare systems or—in need—going to healthcare systems. I faced this 
difficult choice when accompanying a family member to the emergency 
department. The room was crowded, people waiting to be seen for over 10 h, 
including us. In the triage room, the nurse spoke mostly to me, a common 
action when clinicians hear my family member’s accent. I tried redirecting 
them to speak directly to my family member to no avail. When the nurse 
entered the information, I noticed the demographics section. Race: Black/
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�Introduction

Collecting accurate health data is always challenging, but doing so on historically 
marginalized populations can be especially difficult. Fine-tuning our data collection 
methods, including our questions, can improve our data quality and lead to better 
solutions. When looking at the issues of a group that is racialized or othered by 
structural racism, questions frequently focus on what a person’s self-reported race 
or ethnicity is. Yet, responses to these questions are broad and can be interpreted in 
various ways depending on context and lived experiences.

Further, researchers should interrogate why they need to know race and ethnicity. 
Race should not be used as a proxy for the effects of systemic racism or suiting a 
false notion of biological race (Lett et al., 2022). Questioning how we discuss the 
“Latine”1 community and their COVID-19 experience is central to this chapter 
because too often, only white Latines are conceptualized as “Hispanic or Latino.”

For example, Cecilia Márquez (2019) applies the racialized and geographic real-
ities of Latines within the context of legalized racial segregation (i.e., Jim Crow) in 
the contemporary US South. Juan Crow, appeared in 2008 as a response to the rac-
ist, anti-immigrant laws affecting Latines in the South. Márquez critiques the term 
Juan Crow for erasing the historical and contemporary presence of Afro-Latines in 
the South, who were subjugated to Jim Crow – a US version of apartheid – as racial-
ized Black people experiencing Black-specific oppression in the past and continu-
ing to be impacted in the present. This framing of Juan Crow as an immigrant and 
mestizo issue reifies the idea that Black and Latine peoples are categorically “sepa-
rate groups living under discrete systems of racial control” and that Latines across 
different geographies in the U.S. are always “new arrivals” or forever-immigrants 
(Márquez, 2019). Laws constructed to define racialized space by the state went 
beyond Jim Crow, they included racial covenants, which were written in property 
deeds to explicitly not sell homes to non-white people for the preservation of white 

1 Of note, there is no preferred term for people whose ancestors or have immigrated from Latin 
America, but in this publication, we choose to use the gender inclusive term, Latine.

African American, Ethnicity: Not Hispanic/Latino. That was incorrect, but a 
consistent experience of poor demographic data collection anytime my family 
interacted with any healthcare system. I wanted to correct the nurse, “Black 
AND Latino”, but we had more pressing matters at hand. Still, I knew the 
implications of this mistake—notably, inaccurate reports on healthcare utili-
zation. Another misunderstanding is who is being affected by COVID-19 
when supposedly “self-reported” demographics are inaccurately observer-
reported. This incident clarified the nuance of reported race and ethnicity data 
and who is and is not made visible during data collection. Deshira Wallace
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spaces (Gibbons, 2018). Additionally, “redlining” which legitimized the practice of 
maintained racial segregation through real estate practices and government pro-
grams restricting access to home loans and purchasing for non-white, but specifi-
cally for Black individuals (Gibbons, 2018).

Yet, as the law constructs racialized stratification through geography in the 
United States, it also does so in health and well-being. This was experienced during 
the COVID-19 pandemic, which has unevenly impacted the US population through 
the laws and policies passed to mitigate the pandemic’s effects (Asad & Clair, 
2018). The law’s role in emergency response can contribute to the inequities expe-
rienced by minoritized communities, immigrants, and those living in congregated 
spaces (Parmet et al., 2021). Joseph (2017) found a similar pattern in the healthcare-
seeking behaviors of various Latine groups in Boston. Dependent on whether they 
were racialized as white, Black, or “Latino” was the likelihood of being profiled on 
immigration and healthcare treatment status (Joseph, 2017). This is only one exam-
ple of the type of nuance critical to capturing health and healthcare access research, 
especially as it relates to COVID-19 and the varied Latine experience of the 
pandemic.

In this chapter, we briefly discuss who in the Latine population is counted, and 
how, and why this leads to flawed data collection on Latine health and healthcare 
experiences. We summarize the available COVID-19 data and the societal structures 
contributing to COVID-19 disparities. To support new data collection on this popu-
lation and speak more broadly to the use of race and ethnicity in health and health-
care data, we provide a framework for potential ways of asking about the Latine 
population and conclude with future directions.

�Latine Community: Who “Counts” and Why?

We begin our exploration of data collection with the foundational practice of defin-
ing the population. According to the US construction of Latines, “Hispanic” or 
“Latino” refers to a geopolitical grouping of “Cuban, Mexican, Puerto Rican, South 
or Central American, or other Spanish culture or origin regardless of race” 
(Census, 2021).

The US Census is important framing in the discussion of public health because 
socially constructed ethnoracial groups in the United States have been legitimized 
by the Census since the late 1700s (Zuberi, 2001). The Census currently uses 
national origin (or place of ancestral migration), tribal affiliation and membership, 
and physical characteristics (i.e., skin color) to categorize race. The model of count-
ing individuals for population estimates based on demographic criteria can change 
over time and place due to sociopolitical contexts. One example is how nations can 
change in size and territory, which can lead to differences in national identity. Yet, 
how public health conducts population-level and community-level studies is closely 
tied to this Census operationalization, even if it does not reflect the complexities of 
race and ethnicity. Instead, the questions posed in the Census are, “Is this person of 
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Hispanic, Latino, or Spanish origin?” and “What is this person’s race?” (US Census, 
2010, 2011). These questions are not always simple to respond to for Latines. The 
complexities of each question are explored briefly below.

First, the “ethnicity” question ties the nation-state as a descriptor for the ethnic 
group. This assumption of ethnicity as rooted in nation-states extends the settler-
colonial project of Latin American countries and flattens the Indigenous identities 
within these countries (Cardenas, 2018). According to US Census records, the 
Latine “ethnic” group, makes up approximately 18.5% of the population; however, 
the question remains if current conceptualization and enumeration is reflective of 
who the purported Latine populations are.

To address this issue, we explore race as the next domain. Clara Rodriguez 
(2000) noted that at the time, the conceptualization of race for the typical Latine 
person was the equivalent to “la raza”, which is a continuum and reflective of racial 
mixture, thereby having no categorically distinct races. Rodriguez argues that it is 
this disconnect between raza as operationalized in Latin America and race as opera-
tionalized in the United States that causes this confusion. For example, in the 1990 
Census, 43.5% of the self-identified “Hispanic” population elected “other race” 
when asked to fill in their self-identified race. This was similar in 1980 (~40%), 
42.2% in 2000, and 36.7% in 2010 (US Census, 2001). Note that “other race” often 
came in second to self-identified “white” race for the Latine population, which 
increased over this same timeframe. This does provoke the notion that while Latines 
hypothetically ascribe to a non-racial ideal, they will still endorse whiteness over 
other ethnoracial options. This perceived confusion about Latine ethnoracial posi-
tioning appears often during these Census reports, with one 2010 Census headline 
printing that over 75% of Puerto Ricans on the Island of Puerto Rico checked 
“white” for race, leading to think pieces of Latines, or in this case Puerto Ricans, 
understanding whiteness differently (US Census, 2010). Whereas results from the 
2020 Census – in which only 17% of Puerto Ricans on the island endorsed white – 
only resulted in more dialogue about Puerto Ricans’ self-identity and their racial-
ized experiences (Jensen et  al., 2021; Ortiz-Blanes, 2021). However, although 
endorsement of white-only labels has shifted over time, what was evident in the data 
was the consistent action of respondents positioning themselves away from endors-
ing Black or Indigenous self-identities, which are supposedly part of Latine culture 
(López Oro, 2021).

These examples can be interpreted as forms of racialized, geographic, and 
contextual-specific fluidities in race, and these also demonstrate the challenges of 
relying on self-identified race questions when the aim is not enumeration but to 
address structural determinants of health. Further, the argument of Latines not hav-
ing a set race and being fluid is perpetuated in public health, which has stunted the 
critical data collection of ethnoracial-focused demographics.

The questions “what is the person’s race?” or the alternative, “what is your race?” 
can be interpreted varyingly. Wendy Roth (2016) summarized the multidimension-
ality of measuring the concept of “race” as including racial identity, self-
classification, observed race, reflected race, phenotype, and racial ancestry. Most 
public health studies operationalize race and ethnicity questions only as 
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self-classification questions separated from time, the state, and power. However, 
according to Charles Mills (1997), what self-classification and similar types of 
questions get at are how the individual places themselves within the state-con-
structed racialized hierarchy. This hierarchy in the United States and across the 
Americas designates white as a class privileged with full personhood and non-white 
as individuals without full personhood. Thus, according to US Census patterns from 
the 1980s to today, when Latines across geographies select “white” or “other” as 
their self-classified race in a Census they are consenting to their own position in the 
racial order of being white or approximating whiteness rather than ascribe to 
Blackness or Indigeneity given the sociopolitical implications of aligning with these 
racialized groups.

Considering the social, political, and historical realities of the United States, the 
question of who are Latines is dependent on time, geography, and how we consider 
“race” in both law and practice. The current operationalization of Latine using stan-
dardized surveys attempts to simplify and flatten Latine populations as a homoge-
nous group based on geography and language(s). However, public health and social 
science more broadly will continue to miss the nuances within this group particu-
larly when addressing structural factors that impact health and well-being if we 
continue to aim to simplify demographic questions without interrogating context. 
The COVID-19 pandemic demonstrated issues with data collection and with the 
categorization of ethnoracial groups. Particularly for Latines living across the 
United States, the COVID-19 data did not highlight the full story of who was 
affected and how.

�COVID-19 and Data on Latine Population

As we consider these critical perspectives of the data we collect regarding Latine 
populations, how do we understand their experiences of COVID-19? Data from the 
Center for Disease Control and Prevention (CDC) show trends that the pandemic 
differentially affected racial and ethnic groups. At the peak of reported cases in 
January 2021, the highest number of incident cases per 100,000 of the population 
was among reported “Hispanic” individuals (CDC, 2021). However, it is unclear if 
the reports were self-reported and/or observer-reported race and ethnicity. At the 
start of the year, approximately 465.7 cases per 100,000 people were reported 
among “Hispanics.” This was closely followed by 418.5 per 100,000 cases among 
American Indigenous groups. However, there is an issue with the percentage of 
cases that reported race in general. The proportion of the data linked to reported 
racial or ethnic groups were 62.42%, indicating the potential for error or bias, in the 
case estimates. These data are also in flux, as case numbers are updated with reports 
from various regions in the United States.

As of November 2020, Latines accounted for one-third of all confirmed 
COVID-19 cases, where race/ethnicity data are collected (Rodriguez-Diaz et  al., 
2020). Latines account for one in five confirmed COVID-19-related deaths 
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(Rodriguez-Diaz et al., 2020). A study of national transmission rates of Latines in 
the United States found that COVID-19 diagnoses were greater in counties that had 
a significantly greater share of Latines than the national average (>17.8%) com-
pared to counties with fewer proportions of Latines. Greater cases of COVID-19 
cases and deaths were in the Midwestern Latine counties, and greater cases of 
COVID-19 in the Northeastern counties. County level data were collected from the 
US Census Bureau ACS and COVID-19 cases and deaths were from USAFacts 
(Rodriguez-Diaz et al., 2020). Rodriguez-Diaz et al. (2020), a scoping review pub-
lished in 2021, evaluated 37 articles that focused on the impact of the COVID-19 
pandemic on the living conditions of Latines in the United States. The articles were 
specifically evaluated using social determinants of health framework. Key risk fac-
tors were working an “essential” job, living in an area with a high population den-
sity of Latine and Black people, overcrowded living conditions, limited English 
proficiency, and barriers to execute recommended preventive behaviors.

Beyond actual exposure to COVID-19, and in relation to essential work, Latines 
represent a disproportionate number of workers in the food industry sector, and in 
service areas such as construction and housekeeping (Hawkins, 2020). These and 
similar jobs that could not be transitioned to a “work-from-home” environment, 
were affected earlier on in the pandemic when physical distancing measures were in 
place and organizations/companies had to lay off or furlough employees, causing 
extreme financial strain particularly for financially precarious individuals and fami-
lies (Salgado de Snyder et al., 2021).

Studies out of New York City (NYC) serve as examples of the use of data to 
demonstrate health disparities by race and geography. A study by Renelus et  al. 
(2021) examined racial disparities in COVID-19 related hospitalizations and in-
hospital mortality. The authors used electronic health record (EHR) data from a 
single hospital center for hospitalization data and used demographic data from the 
U.S. Census Bureau and the New York City Department of Health to calculate rates 
of hospitalization. Ultimately the authors found that Black people were more likely 
than white people to require hospitalization for COVID-19, and Latine people were 
more likely to experience in-hospital mortality compared to white people. In another 
NYC-based study on COVID-19 positivity, hospitalization, and mortality, the study 
authors used electronic health records from one NYC healthcare system and Census 
tract data to geocode patients on neighborhood socioeconomic status (Ogedegbe 
et al., 2020). The results of the study were that Black and Latine patients were more 
likely to have a positive COVID test than white patients but were less likely to be 
hospitalized in this healthcare system. Race and ethnicity were the predictor vari-
ables, and this study coded self-reported ethnicity as Hispanic regardless of race. If 
ethnicity was missing, self-reported race was assigned and for patient data with 
multiple entries for race, the entry with the most information was chosen. Although 
Ogedegbe et al. (2020) used EHR data and purported to focus on self-reported race 
and ethnicity data, these data may not have only been self-reported. Rather, these 
data could include observer-reported data, which could account for differences at 
different clinical encounters. These data also reference to the paradoxical standard-
ization of Latines having both all races and no race at all.
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Lessons learned from these studies in relation to how Latines were affected by 
COVID include the strict dichotomization of Latines as separate from other eth-
noracial groups. Latines are often described as multicultural, which can include 
multiracial; however, that does not mean that all Latines experience the same racial-
ized experiences, particularly in an environment such as New York City, which is 
the hub of Black Latine migration from the Caribbean and Central America. 
Contextualizing COVID-19 data from New  York City brings into question why 
intersectional methods were not used to account for the intersectional identities of a 
multitude of ethnoracial groups, including Latines. Intersectional methods such as 
those recommended by Lett et  al. (2022) would include incorporating additional 
data from other sources to contextualize the data and questioning what experiences 
study participants would have with racism and other biases. Further, the primary 
question these and similar studies evoke is, do studies that enumerate Latines using 
one dimension or “race” improve our understanding of health inequities? Or are 
they simplifying the experiences of Latines to the point of providing incomplete 
information about health risks and outcomes?

�Improving Public Health Data and Experiences 
of Marginalized Communities

In the discussion of affected race and ethnic groups, the CDC notes there is potential 
for error in the reported race and ethnicity of COVID-19 cases. In the work of 
Salgado de Snyder et al. (2021), they describe the only unifying element of “Latinos” 
is the shared Spanish language. However, we know this ignores the French and 
Portuguese colonization of Latin American countries. This also entirely erases peo-
ple from Indigenous nations in Latin America still fighting for their land and 
resource rights. Still, the geographic-rooted identity of Latines is just as diverse as 
the languages spoken and racial identities. With 33 nation-states in Latin America, 
and even more villages, townships, and other unique scales of local identity, there 
are many ways to diversify and examine the experiences of Latines. Failing to do so 
leads to gaps in knowledge, coarse details in our data, and an inability to fine-tune 
health and healthcare access interventions.

McLafferty et al. (2021) present the three P’s of data: perspective, purpose, and 
privacy. They encourage researchers to ask what the biases are embedded in the data 
creation and analysis, who is served by the data and results collected, and the analy-
ses conducted, and ask how the data, results, and related analyses impact the privacy 
the data is collected from.

While we already know some information about Latines, we do not know the 
data quality. Just as the stories this chapter opened with suggested, data collection 
contains errors affected by many factors. These include the environments the data 
were collected in, the humans doing the collection, the tools being used to collect 
the data, and the humans the data are being collected from. Incorporating these fac-
tors into the data collection process can help researchers address these biases, and 
better understand the nuances of the population being studied.
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Data collection and analysis requires interrogating our methods and biases as 
researchers as well (Gieseking, 2018; Graham, 1999). Considering how perspec-
tive, purpose, and privacy can impact the data collection, a broad set of questions 
when designing a study with data collection may include the following:

•	 What do I want to know?
•	 What information will help me answer that question?
•	 Why do I think this information will help me answer my question?
•	 How do I want to retrieve this information?
•	 How do I ensure that the data collected will not cause harm?
•	 Who is the referent group and why?
•	 Where is the referent group located and how would their placement potentially 

change their experiences from others?

Looking for information on Latines in the United States based on self-reported 
characteristics is a flawed measure. Racially, Latines in the United States have mod-
ified their racial identification to suit their safety, depending on their geographic 
placement, social status, and socio-economic structure of the societal context they 
are located within. Further, when we are asking about Latines’ health and wellbeing 
as researchers, what exactly are we asking? Who is in the cohort we are envision-
ing? Are they white, Black, or the often-fluctuating concept of “brown”? Are they 
bilingual, Spanish-speaking, Portuguese-speaking, or speaking another language? 
What is their immigration status? What is their educational background? The poten-
tial answers to these questions alone are numerous. The potential additional ques-
tions to include similarly so.

When using data collected by others, where efforts on asking questions around 
race and ethnicity are limited or constrained, questions to ask may be:

•	 What other information has been collected and can data from national censuses, 
local government structures, and other organizations be consulted to contextual-
ize the information? (Lett et al., 2022)

•	 How do these other sets of information provide details on the groups I am inter-
ested in asking about?

•	 How are these other sets of information able to speak to the structures that impact 
health and healthcare access for the group I am seeking to learn about?

We cannot always control the quality of the data available for our research. We 
can use more nuanced and critical frameworks when evaluating that data. For exam-
ple, many Latin American countries do not collect data for Black or “Afrodescendent” 
people in their censuses. However, shifting discourse has created opportunities for 
data collection incorporating Black people and their experiences. By 2010, 16 coun-
tries in Latin America had collected this information at one point in time. Using 
data compiled critically for the United Nations Economic Commission for Latin 
America and the Caribbean “Social Panorama of Latin America 2016” Report,2 this 
map of Afrodescendent people in Latin America was created (ECLAC, 2017) 

2 Population data is compiled from the censuses of only 16 Latin American countries spanning 
several years, with some population numbers estimated based on population growth. For more 
details, please see the Social Panorama of Latin America 2016, by the ECLAC, on page 222.

A. Guhlincozzi and D. Wallace



105

Fig. 9.1  Latin American countries by total population identified as Afrodescent

(Fig.  9.1). While limited in data, and ranging in timeframe, providing details of 
potential errors allows researchers to make better choices for analysis.

Other data limitations also exist. The Uncertain Geographic Context Problem 
(UGCoP), first named in 2012, is how geographic units used in analysis (such as 
census tracts) are not drawn to match the actual, socially-relevant geographic con-
text. This uncertainty in the geographic context can lead to less accurate findings on 
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environmental health effects, such as assuming good air quality because of where a 
person lives rather than where they work and spend most of their day (Kwan, 2012). 
The Neighborhood Effect Averaging Problem (NEAP) considers health research 
focusing on the residential neighborhood of the population under study, given that 
mobility can mean a significant amount of time is spent outside the residential 
neighborhood and thus have a significant impact on health effects from the environ-
ment (Kwan, 2018). Geographic research seeks more fine-grained data and collec-
tion methods for these problems and more attentively addresses the unique contexts 
and impacts on health given these variations. Similar efforts are needed in health 
research on Latines, and the varied impacts on health and healthcare access sys-
temic racism can have on Black, Indigenous, and white Latines.

�Conclusion

Between 2019 and 2020, there has been a significant push towards applying health 
equity in public health research. Whether or not this shift is short-lived or leads to 
needed change in how we approach public health, one major issue remains the 
same—our data collection tools have stayed the same since the late 1700s, despite 
technological advances. Whether we are examining health disparities to record a 
difference between groups or striving to shift towards a health equity approach to 
examine why the differences are there in the first place, we must interrogate how we 
are collecting data. If collecting race and ethnicity data has not significantly changed 
since the first U.S. Census in 1790, how do we work towards improving the health 
and quality of life of people? For Latines specifically, continuing to place Latines as 
a homogenous group linked to an imagined, singular cultural lived experience is a 
disservice to the diverse and rich narratives that individuals in different Latine com-
munities bring with them.
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Chapter 10
An Overview of the Impact of COVID-19 
on Nepal’s International Tourism Industry

Asmod Karki , Nama Raj Budhathoki , and Deepak Raj Joshi 

Personal Story
May 2021 was one of the worst months in Nepal from the COVID perspec-
tive. There was an unprecedented stress on the country’s limited health facili-
ties: hospital beds were completely occupied, intensive care units (ICUs) 
were full of patients, ventilators were out of stock, and oxygen supply was in 
severe shortage. Despite all my efforts to limit mobility and keep social dis-
tance, I got COVID positive on the second of May 2021. Naturally, I was 
anxious. I was also equally fearful about the possibility of infection to other 
members of my family. Fortunately, all of them tested negative. That gave me 
a huge relief. However, I still needed to spend 14 days in isolation before I 
could spend time with the family. I used to get a bit happy every morning as I 
could see people walking in my neighborhood and even hear them talking to 
each other from the window of my room. Passing time was relatively easier 
during the day. But I used to get worried when the day used to begin to convert 
to evening and then night. A couple of questions used to frequently come and 
disturb my sleep: What if my situation deteriorates in the night? How will I 
get to the hospital? Which hospital should I go to get medical care? I knew 
these questions were equally valid during the day as well, but somehow, I 
found them more worrisome during the night. I felt nights were longer than 
they usually used to be. Although I defeated the virus without any medical 
support, those 2 weeks were strange times. Nama Budhathoki
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�Introduction

Tourism is a major contributor to Nepal’s economy. In 2019, the sector contributed 
more than seven percent to Nepal’s GDP (WTTC, 2020). In addition to being a 
significant contributor to the economy, the tourism industry is also one of the major 
job providers. It is the fourth largest industry by employment of total formal jobs in 
the country (Prasain, 2021).

The surge of the Western tourists in Nepal began in the late 1960s and 1970s, 
where Western visitors discovered a pristine land with “natural” beauty (Lal, 2017). 
To capitalize on the potential of the tourism industry, the government of Nepal 
launched several campaigns to promote Nepal as an attractive tourist destination. 
For instance, in 1998, it launched the Visit Nepal 1998 campaign, which aimed to 
increase the tourist flow and length of stay in Nepal. Almost half a million tourists 
visited Nepal during the campaign year (Shakya, 2017).

The tourism industry has suffered several setbacks. From 1996 to 2006, Nepal’s 
civil war impacted tourism due to the conflict. As the internal politics of Nepal tran-
sitioned from a deadly civil conflict to a peaceful resolution towards the mid-2000s, 
the tourism industry showed signs of recovery. The World Bank (2022) data shows 
that the country received 0.8 million international visitors in 2011. Increased tour-
ism continued into the mid-2000s, until the massive earthquake hit Nepal in 2015. 
The megaquake of 2015 had a devastating impact on the tourism industry of Nepal. 
The quake severely damaged the cultural center of Kathmandu, a UNESCO World 
Heritage site and key tourist attraction.

However, the industry bounced back from these shocks in the succeeding years. 
Nepal’s GDP grew by 6.94 percent in 2016–2017. This was the fastest growth Nepal 
had seen after the mid-1990s. This impressive growth can be partly attributed to the 
growth in the hotel and restaurant sector, a large subsector of the tourism industry, 
as it contributed for more than seven percent of the total GDP growth in both in 
2016/17 and in 2017/18.

The upward trajectory of the growth in the tourism industry and in Nepal’s econ-
omy buoyed the tourism stakeholders, i.e., the businessowners, workers, and the 
government. As a result, the government, in collaboration with the private sector 
and other major stakeholders in the tourism industry, announced the Visit Nepal 
Year (VNY) 2020 campaign in mid-2018. One of the main objectives of the cam-
paign was to attract 2 million tourists to Nepal in the year 2020 (Mali, 2020). The 
preparations for the VNY 2020 began with the government appointing a prominent 
businessperson as a Campaign Coordinator to promote the campaign.

�COVID-19, Lockdowns, and Cancellation of VNY 2020

Just as the VNY 2020 began and a year full of tourist activities in Nepal was antici-
pated, COVID-19 started spreading around the world. In the third week of January 
2020, Nepal reported its first COVID-19 case. As the rate of infections accelerated 
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in the subsequent months, the government started taking precautionary measures 
nationwide to curb the rapid rise in infection. Beginning March 2020, the govern-
ment gradually started imposing travel restrictions. In the first week of March, the 
government issued a travel advisory against all non-essential travel. By late March, 
the government cancelled all international flights and Nepal entered its first lock-
down on March 24, 2020.

Tourism, which relies on the mobility of people, was severely impacted due to 
the travel restrictions and the subsequent lockdown. The cancellation of interna-
tional flights and the lockdown meant that the tourists already in the country had 
limited mobility and those who wished to arrive in Nepal had to hold their plans. 
The change in the number of international tourist arrivals between 2020 and 2021 
provides a proxy to understand the impact. The year-on-year arrivals of interna-
tional tourists declined by 34 percent in 2021 compared to 2020 (Department of 
Immigration, 2021, 2022).

As there were signals of the travel restrictions and lockdown prolonging beyond 
a few weeks or months, the government decided to cancel the much anticipated and 
planned VNY 2020 in March 2020 (Nepali Sansar, 2020). This was a major blow to 
the tourism sector’s entrepreneurs and workers, as the businesses had planned and 
prepared to absorb the increased flow of tourists.

�Prolonged Lockdown and Travel Restrictions

The daily reported COVID cases amounted to less than a thousand in the first few 
months of the lockdown. This could be either due to the low rate of infection due to 
the complete lockdown imposed all over the country or it could have been due to 
low rates of testing during the period. In fact, until July 2020, the average daily 
reported cases hovered below thousand per day (Fig. 10.1).

Fig. 10.1  Daily reported cases of COVID-19  in Nepal between January 23 and December 31, 
2020. (Source: Covid-19 Dashboard, 2021)
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Fig. 10.2  Daily reported cases of COVID-19 in Nepal between January 1 and October 31, 2021. 
(Source: Covid-19 Dashboard, 2021)

The lockdown checked the reported rate of infection while at the same time 
largely halting economic activities in the country. This lockdown had an overarch-
ing impact on the overall economy, not only the tourism industry. As concerns over 
the state of the economy grew and the reported rate of infection did not show signs 
of acceleration, the government ended the first country-wide lockdown on July 21, 
2020—almost 4 months after it was first imposed (Nepali Times, 2020).

When the lockdown ended, travel restrictions were still in place. Recreational 
places such as banquet halls, gymnasiums, and exhibition sites were still barred 
from opening. While hotels and restaurants were open, restrictions were imposed on 
their opening hours. The government announced that chartered international flights 
would resume from mid-August 2020. However, the government put a cap on the 
total number of travelers to 800 per day as travel restrictions were still in place in 
several countries around the world (CCMC, 2020).

As mobility increased and economic activities resumed, the infection rate also 
started to rise. In 2020, the infection rate started to accelerate in August, peaked in 
October, and started decreasing from November onwards. As a result, the initial 
plan to ease travel restrictions beginning mid-August was halted. The government 
extended the restrictions till September 2020 to curb the rise in infections 
(CCMC, 2020).

The situation in 2021 was like that in 2020, as the government-imposed lock-
down and restrictions followed the rise of infection rates. During the first quarter of 
2021, the reported cases of COVID-19 were below a thousand per day. During this 
period, the government eased travel restrictions, which resulted in increased mobil-
ity and high-risk activity for COVID-19 transmission. The second wave of 
COVID-19 hit Nepal during the second quarter of 2021, with infections peaking 
around late May and early June. During this period, the total daily infection peaked 
close to ten thousand on some days (Fig. 10.2).

The government-imposed lockdown mirroring the 2020 response, as the infec-
tions peaked in mid-2021. The authorities announced a week-long lockdown 
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beginning April 29, 2021. What began as a week-long lockdown extended for 
months until August 2021 (Business Standard India, 2021). The prolonged lock-
downs and restrictions had a devastating impact on the overall economy. The tour-
ism industry was also severely impacted as the industry was heavily reliant on the 
mobility of international tourists.

�Impact on the Tourism Industry

While a detailed study analyzing the impact of COVID-19 on Nepal’s tourism 
industry has yet to be carried out, the next two sections will consolidate the eco-
nomic and non-economic impact to provide a holistic understanding of the second-
ary impact of COVID-19 on Nepal’s tourism industry.

�Economic Impact

The overall economic impact of COVID-19 on Nepal’s economy and on the tourism 
industry by extension is difficult to assess as the majority of the country’s workforce 
is involved in the informal economy (ILO, 2021), and the data for the informal sec-
tors are either non-existent or limited. The available studies and estimates, there-
fore, should mostly be seen as proxies. Shivakoti (2021) has penned one of the few 
studies that strives to estimate such impact. In the study, she estimates that the tour-
ism sector was likely to lose “85 thousand direct jobs and 36 thousand indirect jobs 
(p. 9).” In the same paper, she references estimates from several government bodies. 
She notes that the Nepal Rastra Bank, the central regulatory bank in Nepal, esti-
mated that the expected tourist arrival in Nepal to fall by 31.6 percent.

In 2019, pre-pandemic year, Nepal received 1.2 million IVAs (international visi-
tor arrivals) and USD 48.00 per day per tourist expenditure. The average length of 
stay was approximately 13 days. In 2020, Nepal experienced 81% decrease in IVAs 
(Ministry of Culture, Tourism and Civil Aviation, 2020).

Tourism has employed more than 1 million people (directly and indirectly) in 
Nepal, which is nearly 7% of total jobs (WTTC, 2020). It signals the magnitude of 
impact on tourism created by COVID-19 pandemic. While the exact numbers are 
difficult to estimate, such figures could be taken as a proxy for the devastating sec-
ondary impact of COVID-19. A study conducted by Kathmandu Living Labs (KLL) 
in 2021 also presents a similar picture. KLL—with support of the State Department 
and American Geographers Association—conducted a survey of tourism businesses 
and workers to assess the secondary impact of COVID-19 (C2M2 Kathmandu 
Portal, 2021).1 The survey was distributed through a network of tourism partners 

1 The portal can be accessed here: http://tourismincovid.klldev.org/
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Fig. 10.3  Survey findings from the Kathmandu Living Labs (KLL). (Source: Kathmandu Living 
Labs, 2021)

such as the Hotel Association of Nepal (HAN), Thamel Tourism Development 
Council (TTDC), Joint Tourism Trade Union Forum (JOTUFF), Union of Trekking 
Travels Rafting Workers Nepal (UNITRAV), and Trekking Agencies’ Association 
of Nepal (TAN).2

The survey, which included more than a hundred businesses and 2 hundred work-
ers, found that more than nine out of ten tourism businesses shut down during the 
pandemic (Fig. 10.3). Similarly, more than three out of five businesses had their 
revenue completely stop during the pandemic. As a result of the reduced revenue, 
four out of five businesses could not cover their operating costs.

Such figures, if not already alarming in themselves, look worrisome when com-
bined with the economic impact of COVID-19 on tourism sector workers. Most of 
the workers faced challenges sustaining their livelihoods. For instance, around four 
out of five workers surveyed in the KLL’s study mentioned they had difficulty in 
paying rents. Similarly, more than ninety percent of the tourisms sector workers 
mentioned they had outstanding debts (C2M2 Kathmandu Portal, 2021).

�Non-economic Impact

Besides the direct economic impact, there are also several non-economic impacts of 
COVID-19 on Nepal’s tourism industry. However, such non-economic impact is 
difficult to assess given the relative lack of data measuring such impact. The studies 
have aimed to capture some of the non-economic impact, which provide us a 
glimpse of the wider effect. For instance, Shivakoti (2021) notes that issues related 
to mental health such as stress and fear due to financial insecurity had also risen 
during the period. Similar findings can be observed in the KLL’s study. The study 
sought to assess the psychological impact due to COVID-19. Ninety-five percent of 

2 The business and workforce survey questionnaires can be downloaded from the landing page of 
http://tourismincovid.klldev.org/
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the respondents mentioned that the pandemic has had some form of psychological 
effect. Similarly, eighty-seven percent of the tourism workforce in the survey men-
tioned that they had sought psychological support to deal with the pandemic. Given 
the stigma surrounding mental health in Nepali society, such high self-reported fig-
ures of people seeking mental health support are noteworthy.

�Expectations from the Government

The response to the severe impact of COVID-19 on Nepal’s tourism has been mul-
tifold. Among the many stakeholders in the tourism sector, such as media, business 
owners, workforce, tourists, and think-tanks, this section focuses on and presents 
expectations of two major stakeholders, i.e., business owners and workforce. 
Businesses and the workforce are the ones most impacted by COVID-19. Business 
owners’ expectations are included with the assumption that it will provide an orga-
nizational perspective on the impact of COVID-19 as business owners’ interests lie 
in sustaining business ventures. Similarly, including the expectations from the 
workforce provides an understanding of the expectations from a large segment of 
the tourism sector service providers, many of whom are employed as workers. 
Understanding the expectations of businesses and workforce provides useful 
insights for reviving the sector.

�Businesses

The tourism sector’s businesses were largely shut during the lockdown period in 
2020 and 2021, following the government’s orders. During the lockdown period, 
many tourism businesses were shut down as their sources of revenue were com-
pletely or partially halted. This dire situation among businesses engendered expec-
tations from the government. While there are no formal studies consolidating the 
response from the businesses, available evidence from interactions with the busi-
ness owners and media reports suggest that they had significant expectations from 
the government. Initially, their expectations were related to receiving relief pack-
ages for businesses and workers. Over the course of time, they demanded that the 
government make provisions including exemption of taxes and fines 
(Shrestha, 2020).

Not all the demands pertained to economic relief. Some of the demands from 
businesses related to easing the flow of tourists. They demanded that the govern-
ment make Polymerase Chain Reaction (PCR) testing available in the airport. 
Similarly, they also demanded the government to implement a “visa on-arrival” 
system that would ease international tourists’ arrival in Nepal (RSS, 2021).

10  An Overview of the Impact of COVID-19 on Nepal’s International Tourism Industry
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�Workforce

As the businesses were largely shut, the livelihood of the workforce was also 
severely impacted. While businesses largely looked to the government to come up 
with relief measures and regulatory responses to help alleviate the impact, the 
response from the workforce was diverse. Like businesses, the workforce, through 
labor associations, demanded that relief packages be provided to withstand the eco-
nomic impact of COVID-19.3 It was also interesting to note that the tourism workers 
diversified their livelihood sources as their primary income through tourism activi-
ties halted. Informal conversations with labor union leaders suggest that many for-
mal and informal workers adapted secondary professions such as ridesharing, 
investing in the stock market, and agriculture. These findings, however, should be 
further corroborated through larger studies as it is still unknown how the workforce 
coped with a significant economic and psychological shock due to COVID-19 
imposed lockdown and travel restrictions.

�Government’s Response

The Nepal government’s response was largely reactive in response to the secondary 
impact or economic impacts of COVID-19. Initially, the focus of the government 
was on mitigating the first-order impact, i.e., curbing the infection rate and provid-
ing health services to those affected by COVID-19. The government used lockdown 
as the primary means to restrict people’s movement to minimize the infection rate.

Such a unidimensional response was, however, inadequate to address the com-
plexity of challenges brought forth by COVID-19. While the restrictions and lock-
down helped curb infection rate temporarily, such measures were not without 
significant economic and social costs in a developing country such as Nepal, where 
around 5 million people (around 18 percent of the total population) are still under 
multidimensional poverty (UNDP, 2021). In the tourism industry, the government 
lost a significant tax income (equivalent to Rs. 34 billion between March and June 
2020), businesses lost significant revenues, and a large majority of the workers had 
difficulty sustaining livelihoods (Ministry of Culture, Tourism and Civil 
Aviation, 2020).

To address the secondary impact of COVID-19, the government introduced a 
variety of policy measures. One of the significant measures was the devolution of 
authority to impose lockdown. In late 2020, the federal government devolved the 
authority to impose lockdown to local governments. For the tourism industry, this 
meant that authorities in major tourism clusters (i.e., Kathmandu, Pokhara, and 
Chitwan) could independently decide on policy and program measures. Similarly, 
various government agencies and offices introduced safety measures to ensure the 

3 Based on conversations with labor union leaders on January 10, 2021.
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gradual reopening of the tourism industry. The Ministry of Tourism issued guide-
lines to be adapted across all tourism sectors (Ulak, 2021). Similarly, the Ministry 
of Foreign Affairs also issued guidelines “affecting the control and preventive mea-
sures” against the “new variant” of COVID-19 (Ministry of Foreign Affairs, 2021).

One of the most significant policy responses from the government was intro-
duced in the budget for the fiscal year 2078/79 (2021/22). The budget has a range of 
provisions to help businesses and the workforce recover from the COVID-19-related 
shock. For instance, the budget has allocated a 50 billion rupees fund as a stimulus 
package for Nepali businesses, including the tourism businesses (NRB, 2021). 
Similarly, the government has sought to promote domestic tourism through the bud-
get, considering the scenario that international travel restrictions might continue in 
tourism source countries. As part of the domestic tourism promotion campaign, the 
government has allocated a 10-day paid leave to all government employees (Online 
Khabar, 2021).

The budget has also allocated a host of resources targeting the workforce’s resil-
ience and recovery. The Prime Minister’s Employment Program, with a budget of 
NPR 12 billion, is one such program that is intended to absorb the unemployed and 
semi-employed workforce into the workforce. Similarly, the government has allo-
cated NPR 1.4 billion to upskill and reskill the workers so that they can diversify 
and upgrade their skillsets in the event of another economic shock.

While the government’s responses might not have been as holistic and as tar-
geted as demanded by the tourism sector’s businesses and workers, the government 
has introduced a series of policies and programs targeting businesses and workers to 
mitigate the secondary impact of COVID-19.

�Recommendations

The second and third waves of COVID-19 and the spread of new variants such as 
Omnicorn continue to create threats both for lives and livelihoods. In this context, 
the government should give special focus to the survival and revival of the tourism 
industry. Some key recommendations are as follows:

•	 The implications of crises increasingly require the government to engage with 
the private sector to improve crisis preparedness, management, and recov-
ery plans.

•	 Crisis preparedness must focus on building trust-based coalitions, assessing 
readiness, and developing emergency action plans as well as enhancing education.

•	 The effective management of a crisis requires the rapid activation of emergency 
plans as well as quick, accurate, and transparent communication.

•	 The government should ensure a speedy recovery with full transparency. Helping 
the sector regain its confidence and preparing it to attract more of the interna-
tional visitors to Nepal are crucial.

10  An Overview of the Impact of COVID-19 on Nepal’s International Tourism Industry
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•	 The government should allocate financial resources for technical assistance and 
revival of the Tourism Recovery Task Force, including supporting the team to 
gain alternative sources of revenue and using social media marketing and com-
munication tools for the tourism sector.

•	 Support the implementation of several potential pipeline ecotourism and infra-
structure projects such as the Khaptad Tourism Project and Ski Resort Project in 
Mustang to provide employment opportunities for tourism workers in destina-
tion areas and aid post-pandemic market recovery.4

•	 Support the sustainable development of nature-based, ecotourism or adventure-
related tourism destinations.

•	 Support local governments’ upgrading of ecotourism facilities, management of 
control of COVID-19 transmission risks, and destination development.

�Conclusion

The secondary impact of COVID-19 on Nepal’s economy, particularly in the tour-
ism sector, was significant given the contribution of the industry to Nepal’s overall 
GDP. The tourism businesses were severely impacted due to travel lockdowns and 
restrictions in Nepal and in major tourist source countries such as China, India, and 
the United States. This resulted in a large percentage of businesses losing their rev-
enues with many of them permanently closed. The workers were also highly vulner-
able to the secondary impact. Many of the workers resorted to taking loans and are 
in debt to sustain their livelihoods. The psychological impact due to lockdown 
induced social seclusion and financial insecurity.

Both the businesses and the workers had significant expectations from the gov-
ernment for relief measures. As a response, the government of Nepal has introduced 
a series of policy measures to address the demands of businesses and the workforce. 
However, introducing the measures in themselves might not be adequate. What 
remains to be seen is how those policies and programs are implemented to address 
the needs of the stakeholders, such as the business owners and workers who are 
impacted the most. The resilience of the people of Nepal to withstand major socio-
economic shocks has been demonstrated repeatedly in the last couple of decades, 
e.g., concluding a decade old civil war in 2005/06 and recovering after the 2015 
mega-quake. We need to wait for some time to see how Nepal’s tourism sector fares 
this crisis. If the sector revives, it can provide one more example for Nepal’s resil-
ience history. In addition, it would be valuable to anyone interested in learning how 
a developing country responds to the secondary impact of COVID-19.

4 A long list of major tourism projects could be found in the Investment Board Nepal’s site: https://
ibn.gov.np/project-bank/
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Chapter 11
Data and Dashboards for Measuring 
the Social Impact of COVID-19 in African 
Cities

Gaston Mbonglou  and Ranjit John

Personal Story
As a consultant, I used to travel to Europe and Africa every 2–3 months. With 
the onset of COVID-19, everything changed! The impact of the pandemic and 
news about the casualties across Europe in 2020 forced me to reconsider my 
travel plans. With my work on the C2M2 project, I had good insights on pre-
ventive measures and vaccination in most European and African countries 
where I normally travel to. Toward Q4 of 2021, I finally decided to travel to 
Germany and then to Cameroon for long awaited family visits. Of course, I 
got my vaccination and my booster shot and was ready to go.

On November 19th, I landed in Berlin and was set to go to Dresden on 
November 21 to visit my family, go shopping and do some sightseeing. 
Unfortunately, the government in Saxony (where Dresden is located) declared 
a state of emergency that week to curb the spread of the omicron variant. 
Implemented measures included mask mandates everywhere, proof of vacci-
nation to go shopping, limited business hours, closing of cultural sites, and 
more. Everything seemed like the early days of COVID again.

What this really thought me was the fact that this pandemic may be here 
for a while, and we just need to be Agile while we travel to quickly adjust to 
local realities. Of course, I did not want to stop my trip in Germany. In fact, I 
used that experience to better prepare myself for the unexpected while on the 
way to Cameroon, including making sure I had my vaccination card handy, I 
saved a digital copy of my vaccination and yellow fever cards, had enough 
masks, packed few bottles of gels. Welcome to our new world! Gaston 
Mbonglou
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�Introduction

The COVID-19 pandemic has had a profound impact on our world. It has disrupted 
economies, created new educational and health-care challenges, and affected the 
livelihoods of millions. The economic, social, and cultural changes induced by the 
COVID-19 pandemic will have significant long-term effects. The sooner we under-
stand and quantify the impacts, the better placed we are in addressing them in the 
future. The ability to measure the social impact of COVID-19 is critical to establish-
ing future best practices that are sustainable and that reinforce urban and regional 
resiliency in managing pandemics, natural disasters, conflicts, and climate-change 
related events.

One of the challenges in measuring impact is identifying appropriate globally 
agreed upon social metrics that can be used to track progress (or lack thereof), iden-
tify gaps, drive actionable insights, and at the same time provide a standard way to 
benchmark and compare status across regions and nations. Under the Secondary 
Cities (2C) project,1 a field-based initiative of the Office of the Geographer, data 
was collected to map and track a city’s resiliency and emergency preparedness. The 
focus was on urban jurisdictions (not the capital city in the respective country) that 
perform vital governance, logistical, and production functions at a subnational or 
sub-metropolitan region level within a system of cities in a country. The 2C project 
built partnerships in tier-2 cities to create local geospatial data skills, enhance 
understanding through data and mapping, and enable data-driven decision-making. 
The 2C project categorized health and educational facilities in these cities and 
showed that a facility-based data collection model could be used to create insights 
into a city’s readiness in managing emergencies.

The United Nations Sustainable Development Goals (UN SDG)2 provides a 
shared aspirational blueprint for achieving economic prosperity for all nations and 
a sustainable future for the planet. The goals recognize that ensuring economic 
prosperity and preserving the environment starts with removing inequities, creating 
opportunities, and making sure that basic services like food, health, and education 
are available to all.

This chapter details our experiences with using a facility-based data collection 
process and supplementing it with census data to do a baseline analysis for several 
of the UN SDGs in a few cities in Africa – Bukavu, Democratic Republic of Congo; 
Kericho, Kenya; and Pemba, Mozambique as case studies for the use of analytics 
and data dashboards during the pandemic for lower- and middle-income countries 
(LMIC) to demonstrate how geospatial tools, technologies, and applications can be 
used for decision support. These baseline metrics allow for the tracking of local 
developmental goals and can also be used to study second-order impacts of pan-
demics like COVID-19. It summarizes the best practices on how data can be 

1 Secondary Cities (2C), U.S. Department of State, https://secondarycities.state.gov/
2 https://sdgs.un.org/goals
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collected and structured leveraging standards and open-data principles to track, 
monitor, and create real-time actionable dashboards and community-based services.

�Measuring Impact

To measure social impacts, we had to identify data and the appropriate metrics that 
can track the desired social outcomes and benchmark current status. The UN SDG 
lists specific targets that should be met by the year 2030. Some of these are macro-
level targets that are measured and reported by governments and typically require 
government-level policies to achieve targets. For UN SDG 3 (Health for All), targets 
include reducing the global maternal mortality ratio, ending preventable deaths of 
newborns and children, ending epidemics of AIDS, tuberculosis, malaria, water-
borne diseases, and other communicable diseases, etc. Others are micro-level tar-
gets that specifically target the individual, one of which is  – Achieve universal 
health coverage, including financial risk protection, access to quality essential 
health-care services and access to safe, effective, quality, and affordable medicines 
and vaccines for all.3

How do we benchmark status and progress (or lack thereof) on these micro-level 
targets that may require individual or household enumeration? How do we measure 
the causal impact of COVID-19 towards these targets? Many countries measure the 
progress towards these goals during their national census. A national census is a 
considerable and expensive undertaking and is typically done about once a decade. 
The data for in-between years is extrapolated and may not accurately account for 
the dissimilar impact of pandemics and other events on different communities and 
regions. There is a need for more up-to-date local data for policy makers to make 
timely, data-driven, and well-informed decisions.

One way the SDG 3 target can be measured is by using a statistical sampling of 
the population during the national census. Another way that the target can be mea-
sured is by using a facility-based survey and periodically checking whether the 
availability of doctors, nurses, beds, medicines, vaccines, etc. meets the needs of the 
local population (GBD 2015 SDG Collaborators, 2016).

�Facility-Based Data

Facility-based data collection involves identifying the specific type of facility of 
interest, visiting the facility, and collecting data on service availability, service 
capacity, and service readiness. Once this data was available and linked with the 

3 https://sdgs.un.org/goals/goal3
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Table 11.1  UN SDG targets, categories, and data

UN SDG Facility type
Service 
availability Service capacity

Service 
readiness

SDG 3 Good 
Health and 
Well-Being

Dentist, diagnostic 
lab, hospital, medical 
clinic, pharmacy, 
veterinary care

Services 
offered, hours 
of service

Number of beds, 
number of doctors, 
number of nurses

Power 
reliability, 
primary water 
source

SDG 4 
Education for 
All

Primary school, 
Secondary school, 
high school, 
vocational, university

Online options Number of 
classrooms, number 
of teachers, number 
of students

Power 
reliability, 
primary water 
source

population and demographic data from the census, interactive dashboards were 
created to:

•	 Identify service and resource gaps, where to introduce new services and which 
services to scale

•	 Establish a baseline for service availability, capacity, and service readiness
•	 Monitor service availability, capacity, and service readiness over time and ana-

lyze trends and causal factors
•	 Prepare and provide transparency in policy-making for location-based services.

To establish a baseline for SDG 3 (Health for All) and SDG 4 (Education for All), 
data about the presence and distribution of health service and educational facilities 
and the capacity and availability of services was collected. For health facilities, data 
was collected about health services offered, and capacity in terms of beds, doctors, 
nurses, etc. For educational facilities, questions were asked about online options, 
and the number of classrooms, teachers, students, etc.

Table 11.1 illustrates the facilities that were surveyed and the survey questions to 
collect data for service availability, service capacity, and service readiness.

�Social Metrics (Healthcare, Education, Access to Water)

To measure progress on the SDGs, metrics that are key indicators of the desired 
outcomes need to be identified. For a facility, these metrics should benchmark ser-
vice availability, service capacity, and service readiness. We used the data and met-
rics to answer the following questions:

•	 Is the service accessible? This is a measure of the proximity of the service to the 
local population.

•	 Does the service have adequate capacity for the served population? For the health 
category, does the facility have enough beds, ventilators, vaccines, etc., to meet 
the needs of the local population?

•	 What is the quality of service? This is harder to measure using a single metric 
and may have to be derived from multiple streams of data or by a weighted 

G. Mbonglou and R. John
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Table 11.2  UN SDG outcomes, indicators, and targets

UN 
SDG Desired outcome Key indicator Desired target

SDG 3 Improve access to 
medical care

Medical facilities per 100,000 
population

4 facilities per 100,000

SDG 3 Improve care capacity Doctors per 1000 population, 
beds per 1000 population

1 Doctor per 1000, 3 nurses 
per 1000, 5 beds per 1000

SDG 5 Gender equality among 
doctors, nurses, teachers

Female-to-male ratio among 
doctors

Match local gender mix

SDG 6 Access to safe water Distribution of safe and 
unsafe water sources

Safe access to water for all

average of multiple indexes. An erratic power supply might limit hours of ser-
vice. A poor infrastructure leading to an unreliable supply chain will affect ser-
vice readiness. To get a measure of service readiness, we collected data on a 
facility’s primary power source and its access to water and sanitation.

One other aspect that was considered was data and metric granularity. Higher 
data granularity provides more information but must be weighed against data col-
lection costs and quality. A health facility might report data on the number of beds 
available for patients. The number of beds could be made more granular by specify-
ing the type of beds – ICU beds, ventilator beds, oxygen beds, VIP beds, and general 
beds. This additional level of detail provides more information and can be useful in 
providing readiness metrics for specific events, but it requires the willingness of 
surveyed facilities to provide this level of detail and methods to ensure the accuracy 
of the data that they provide.

The metrics were defined based on the SDG targets. The metrics determine the 
data model that drives the analytics and dashboards, which in-turn determines the 
data that is collected, and the framing of the questions in the survey forms. The table 
below illustrates target metrics that are key indicators for the desired outcomes. The 
World Health Organization (WHO) and the US Agency for International Aid 
(USAID) specify some of the minimum desired target metrics for meeting SDG 
outcomes (Table 11.2).4,5

�Data Model

A data model is an abstract that determines the structure of data and how data is 
collected, stored, and exchanged. The data associated with a particular facility or 
point of interest, was grouped into three types – base, static, and dynamic. The type 
of data determines how it is collected and at what frequency.

4 https://www.who.int/data/gho/data/indicators
5 https://data.worldbank.org/indicator/
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Base data attributes are common to all points of interest. These typically include 
name, location, and contact information like the name of the facility, address, zip 
code, latitude/longitude, and phone numbers. This facility-based data is public 
information that can be used to locate and communicate with the facility.

The base data attributes were collected using KoBoToolbox.6 KoBoToolbox is an 
open source tool for field data collection that is adapted for challenging environ-
ments, i.e., locations with limited to no Internet connectivity. With KoBoToolbox, 
we created forms for each type of facility. A team of data collectors visited each 
facility and recorded information that was then uploaded to the KoBoToolbox serv-
ers. KoBoToolbox provides tools for checking the consistency and completeness of 
the data collected (Fig. 11.1). Data was reviewed, cleaned and exported as CSV data 
that was then ingested into the Hawkai Data platform.7

Static data attributes are data that are mostly common to all points of interest 
with values that hardly change. These include the facility’s operating hours, primary 
water source, power source, etc. The information collected about the primary water 
and power sources was used to benchmark status for SDG 6 (Clean Water and 
Sanitation) and SDG 7 (Affordable and Clean Energy).

Dynamic data attributes are data that are associated with a specific category and 
facility type and that change over time. These may include current inventory of 
goods, available capacity of services, number of employees, etc. Data was also col-
lected on the gender mix of employees, which was used to benchmark status for 
SDG 5 (Gender Equity).

Dynamic data needs to be collected and updated at periodic intervals. Sending 
data collectors to each of the points of interest to record data is expensive. Instead, 

6 Tool is available at https://www.kobotoolbox.org/
7 Platform is available at https://hawkai.net

Fig. 11.1  KoBoToolbox provides tools to review data integrity
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Fig. 11.2  Form for self-serve update of data from a health facility

we identified a contact person at each of the facilities who took ownership for updat-
ing the data. The person was either an employee of the facility or was someone with 
the agency and empowerment to record the dynamic data about a facility on a peri-
odic basis.

The Manage My Service form was created in the Hawkai Data platform to update 
the static and dynamic attributes for a specific facility (Fig. 11.2).

Accurate data collection is key to maintaining the integrity of the metrics and the 
dashboards. A formal data collection process ensures that the data that is collected 
is consistent and accurate. This process also requires tools to collect and record the 
different types of data attributes.

�Data Collection Process

Different methodologies exist for conducting surveys and collecting data to bench-
mark and measure the desired outcomes. The choice of methodology depends on 
context, availability of resources with the requisite data expertise, and willingness 
of the facilities to share information. The following was the process developed for 
the 2C and C2M2 projects to collect data:

•	 Focus on specific SDGs and identify the corresponding category and type of 
facility that needs to be enumerated. C2M2’s focus was on SDG 3 and SDG 4. 
Identify key desired outcomes.

•	 Recognize the interlinked nature of the SDGs. Framing the survey questions 
appropriately and collecting data for SDG 3 and SDG 4 could provide key per-
formance indicators for SDG 5 (Gender Equality), SDG 6 (Clean Water and 
Sanitation), and SDG 7 (Affordable and Clean Energy).

11  Data and Dashboards for Measuring the Social Impact of COVID-19 in African…
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•	 Enumerate and collect basic data on all facilities of specific categories (Health & 
Medical and Education). Make sure data is consistent, complete, and accurate 
and develop quality assurance/quality control (QA/QC) protocols.

•	 Create a custom survey form for each category and type of facility. Make sure 
that the survey tool can handle queries in the local language. Forms were created 
in English, French, and Portuguese. Make sure that data can be collected in 
offline mode.

•	 Visit each of the facilities and fill out the custom survey form. Review and 
cleanse data as required using the defined quality assurance and control protocols.

•	 Identify/recruit a contact at each facility who would be responsible for providing 
updates periodically.

•	 Train the contact on the survey form that is used to provide updated data.

This process is general enough and can be replicated in any other city.

�Analytics and Dashboards

Live dashboards use up-to-date data to create visualizations that provide actionable 
insights.8 The following lists some of the possible dashboards that can be made 
available using the data collected for the Health & Medical and Education SDG 
categories.

•	 Trend charts for the availability of hospital beds, doctors, patients, and medicines 
over time by region.

•	 General health indexes – patients by population, chronic medications by popula-
tion. These indexes can be used to track the progress of UN SDG 3 and also for 
checking the secondary effects of COVID.

•	 Epidemic preparedness – availability of vaccines.

�Sample Dashboards for Access to Care in Bukavu

Figure 11.3 shows the summary data for the health category for Bukavu, Democratic 
Republic of Congo (DRC). The city of Bukavu was selected for this project given 
its strategic position and role in the DRC. Bukavu is in the eastern region of the 
Democratic Republic of the Congo at the extreme south-western edge of Lake Kivu. 
It is west of Cyan Gugu in Rwanda and separated from it by the outlet of the Ruzizi 
River. It is the capital of the South Kivu province, and as of 2012, it had an esti-
mated population of 806,940. In the 1990s, the city received thousands of refugees 

8 https://hawkaidata.net/apps/a/portal.html
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Fig. 11.3  Dashboard summarizing the Health & Medical category in Bukavu, DRC

fleeing ethnic violence in neighboring countries, Burundi, and Rwanda, and is now 
a cultural melting pot.

Bukavu is a commercial and industrial hub as well as a tourist destination. It is 
one of the most densely populated cities in the DRC and home to a major university 
with the resources required to successfully execute the C2M2 project.

Since the beginning of the COVID-19 pandemic in 2020, business activities have 
suffered a sharp decline for most of the population. To reduce and hopefully contain 
the spread of the coronavirus disease, authorities in the Democratic Republic of 
Congo established a quarantine in Bukavu starting May 27, 2020. While these mea-
sures significantly impacted both the citizens’ social life and the city’s economy, 
they did help reduce the spread of the disease. By August 2020, Bukavu was no 
longer the epicenter of the disease, and this project, launched in October 2020, was 
a well-timed opportunity to assess the second-order impacts of COVID-19 and pro-
vide recommendations on how to mitigate them going further.

Specific categories can be browsed visually, and service availability and gaps can 
be determined (Fig. 11.4).

Figure 11.5 shows the gender breakdown by occupation in the health and educa-
tion categories in the city of Bukavu, DRC.

�Sample Dashboards for Access to Water in Nairobi

Figure 11.6 maps and grades the access to water in the division of Kibera, Nairobi, 
Kenya. Nairobi was the epicenter of Kenya’s COVID-19 outbreak during the global 
pandemic. The Kenyan government imposed a lockdown in March 2020, which 
included the prohibition of in-country travel. This resulted in massive economic 
damage. Some trade was allowed to continue, but most individuals were negatively 
impacted. Schools were also ordered shut. While the country removed most of this 
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Fig. 11.4  Availability of healthcare service centers in Bukavu, DRC

Fig. 11.5  Gender splits across occupations in Bukavu, DRC

Fig. 11.6  Access to water (mapped water access points) in Kibera, Nairobi, Kenya; GroundTruth 
Initiative

G. Mbonglou and R. John
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lockdown during the latter half of 2020, on March 26, 2021, a new lockdown was 
imposed in response to the spike in COVID-19 cases throughout the country, with 
emphasis on the five counties with the highest caseloads including Nairobi. Those 
hit hardest by the economic toll of these lockdowns were people living in the infor-
mal settlements of Nairobi, such as Kibera and Mathare, where access to water 
became a major challenge.

These trends and metrics provide a quantifiable way for a city to measure and 
justify the impact of its spending on local initiatives while also providing a way for 
regions to respond effectively during disasters, drive economic growth, and increase 
resilience, gender equity, and social capital.

�Community Services

A facility registry for a city provides data and insights to local officials and the tools 
to measure, manage, and respond to the needs of the local populations. Collected 
personal data will meet defined security and privacy requirements. This same data 
can be used to create services for city residents who can access them on their mobile 
phones. The Cities Navigator app9 (Fig. 11.7) makes it easy for users to find facili-
ties of interest, check resource availability, and communicate with the facility. These 
capabilities illustrate the importance of geospatial data to facilitate access to care in 
under-examined locations. Using built-in dashboards, officials can track application 
usage and access metrics on service quality that will enable them to initiate policies 
to improve the quality of life of the local population. Sample metrics include, i.e., 
location of the nearest hospital, number of doctors in the city, number of beds, num-
ber of ICU beds, etc. This responsive web-based application can be accessed using 
any browser. No installation is required.

Such community-based services will bridge the digital divide and reduce the 
impact of such pandemics on vulnerable populations with a smartphone. Local data 
skills, data quality, data integrity, and up-to-date data will determine the success of 
the apps and their continued usage. Citizen adoption of these apps and services will 
increase social equity and reduce the impact of any future pandemics, disasters, 
conflicts, and climate-change events. The role of local governments is critical for 
the success of such applications in low- and middle-income countries as it provides 
legitimation for the application. Some of the ways this could be achieved include 
using the app by local officials to communicate with the population, providing 
incentives for public services to continuously update the application to ensure accu-
rate information, making sure city planning and emergency management services 
adopt the application, and using collected data for planning purposes. Below are 
some of the lessons learned in Bukavu that illustrate the impact of such applications 
and the benefits for the population and local governments:

9 App is available at http://citiesnavigator.com/lp/index-e.html

11  Data and Dashboards for Measuring the Social Impact of COVID-19 in African…

http://citiesnavigator.com/lp/index-e.html


132

Fig. 11.7  The Cities Navigator app enables community services using facility data

–– The project enabled the city to create the first ever geo-localized database of 
education and healthcare facilities.

–– The ability to feed collected data into the application and use it for decision sup-
port and communication is of paramount importance and was welcomed by local 
authorities and stakeholders who attended the final project workshop. As a result, 
the regional health department expressed interest in using the application for 
planning purposes.

–– Collecting dynamic data in an unusual context of repetitive lockdowns and 
movement restrictions was a big challenge for the team. This project allowed the 
team to develop adaptive strategies to approach and communicate with the 
respondents to complete data collection.

–– Working with education and healthcare facilities to gather geospatial data was a 
challenging undertaking. In this context, the collaboration with the state services 
in charge of education and health was very beneficial for smooth project 
execution.

G. Mbonglou and R. John
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�Conclusion

A facility-based data collection model was used to gather data in cities in Africa on 
service availability, service capacity, and service readiness. The data collected from 
the health and educational facilities was used to benchmark the region’s SDG 3 and 
SDG 4 status. The interlinked nature of the SDGs allowed us to use the data from 
these facilities to get insights into SDG 5 (Gender Equality), SDG 6 (Clean Water 
and Sanitation), and SDG 7 (Affordable and Clean Energy). We show that the 
facility-based data model offers a low-cost alternative to household enumeration to 
do a baseline analysis of SDG status. This data, when collected on a continuous 
basis, will allow cities and regions to track SDG progress, identify gaps, and gain 
insights into a region’s readiness to manage and mitigate the impact of disasters.

Disasters are inherently discriminatory (Belkhir & Charlemaine, 2007). The eco-
nomically, socially, and even informationally disadvantaged communities are dis-
proportionately impacted. We show that, if data is collected on a periodic basis, the 
quality and integrity of data are maintained, and this information is accessible to 
local communities, it can lead to more social equity during disasters.
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Chapter 12
COVID-19 and Domestic Violence 
Complaints in Quito, Ecuador: Temporal 
and Spatial Patterns and Drivers

Carlos F. Mena , Byron Lozada , Patricia Martinez ,  
Fatima L. Benitez , Carolina Sampedro , and María B. Zapata 

�Introduction

There has been an alarming increase in domestic violence during the COVID-19 
pandemic, from 2020 to 2021, compared to previous years (Anurudran et al., 2020; 
Boserup et al., 2020; Leslie & Wilson, 2020), especially during different stages of 
confinement. COVID-19 and the increase in domestic violence have been defined as 
a double pandemic (Bettinger-Lopez & Bro, 2020). Piquero et al. (2021) in a meta-
analysis of 18 studies across different countries find an increase in domestic vio-
lence between pre- and post-COVID-19 lockdown periods, which differ in time and 
intensity. The increase in domestic violence can be considered a second-order effect 
of the COVID-19 pandemic.

Personal Story
During the COVID-19 pandemic, Ecuador was hit very hard, especially at the 
beginning of the crisis. The negative cascading effects are still developing and 
present in all Ecuadorian families. In my nuclear family, one of the secondary 
effects of the pandemics is related to education: for me, the challenge to teach 
online university classes and for my daughters the challenge to attend high 
school and socialize with their peers using the Internet. We might never know 
the effect of COVID-19 on education, at home or in Ecuador, but we know 
that this effect will be huge in impoverished families with poor access to the 
Internet. We need to push for better education, at all levels, after this crisis, for 
a better world. Carlos Mena
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Domestic violence, or intrafamily violence, refers to violence that occurs within 
a home and is exercised by one member of the family against others (Chamorro, 
2008). Domestic violence, including the use of physical force, harassment, intimi-
dation, and provocation, occur within a family and can take different forms: physi-
cal, psychological, sexual violence and the murder of women as an extreme result 
of gender violence (femicide). Domestic violence exerted upon different types of 
victims include violence against women, violence against men, child abuse, child-
parent violence, and elder abuse (Gelb & Palley, 2009).

There are several triggers or factors that can explain domestic violence, for 
women, minors, and the elderly. In Latin America, among these factors, the lack of 
economic resources in families, educational level, employment situation, marginal-
ization, access to prosecutors and complaint units, as well as adverse conditions for 
the adequate care of members of the family (Wilson, 2014; Heaton & Forste, 2008; 
Flake & Forste, 2006). Thus, the current economic situation, as a result of the 
COVID-19 pandemic, appears as a factor that generates more domestic violence 
(Leslie & Wilson, 2020), especially in households where there has been stress-
inducing income loss (Silverio-Murillo et al., 2020).

The response of the legal system to domestic violence is one of the most impor-
tant institutional or formal answers for victims. Unfortunately, in Latin America, the 
administration of justice is full of obstacles for help-seeking victims, including 
inadequate laws and incorrect application of the specific legislation, excess bureau-
cracy and long and inefficient procedures, little privacy for women who report the 
offense, lack of specialized personnel, and slowness to face emergencies (Sagot, 
2005). In Ecuador, according to the public defendant, COVID-19 has created addi-
tional barriers for victims of domestic violence who cannot move or visit complaint 
units, leading to a significantly lower number of formal complaints than the number 
of actual crimes (Defensoría del Pueblo del Ecuador, 2020).

Within this context, the objectives of this study are twofold: (a) to explore the 
temporal and spatial patterns of formal complaints on domestic violence across the 
city before, during, and after the confinement caused by the COVID-19 pandemic 
and (b) to determine the demographic and socioeconomic factors that explain the 
reporting of domestic violence during these periods. More specifically, we want to 
explore if the lockdown affected domestic violence reporting.

This chapter uses a combination of geospatial tools and statistical analysis. Both 
approaches provide an insight into the importance of spatial relationships to explain 
intra-family violence, specifically during the period of COVID-19 pandemic. This 
chapter uses a set of georeferenced data on violence and makes use of tools to 
understand the degree of spatial autocorrelation, and geographical and temporal 
trends. This chapter shows the value of geographic data and spatial data analysis by 
adding spatial-explicit results to potential solutions to the challenges of reporting 
domestic violence.
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�Study Area: Quito City

This study focuses on the city of Quito, the capital of Ecuador. Quito is located at 
2850 meters above sea level in a valley surrounded by the Andes. Quito is the largest 
city in Ecuador with a metropolitan area of about 4217 km2 and 2.7 million people 
(INEC, 2022). According to the Municipality of Quito (Distrito Metropolitano de 
Quito, 2022), 51.3% of the population is female and 27.4% of the population under 
14 years old. Additionally, in 2021, 12.5% of the population was unemployed and 
20.7% had informal jobs (Fig. 12.1).

Poor areas of Quito, which account for 8.2% of the population, are mainly 
located in the north-east and south-west of the city (Wei et al., 2015) and are con-
sidered vulnerable to external shocks including the second-order effects of the 
COVID-19 pandemic. An econometric analysis shows how distance to the main 
source of employment, density of public transportation, education, healthcare cen-
ters, and ethnicity influence the probability of being poor or not in Quito (Olarte, 
2019). Quito is also a very unequal city as different processes of urbanization have 
produced new geographies of socio-spatial segregation, which include repeated dis-
crimination against migrants, LGBTI groups, and women (Carrión & Pinto, 2019).

Because of COVID-19, families in Quito have been forced to create new modes 
of coexistence, and new modes of violence have also emerged in households or have 
increased in families that had previously presented violent forms of relationships 
(Medina et al., 2020). In Quito, like in many other cities in Ecuador, services and 
legal remedies to deal with domestic violence exist; however, they are unevenly 
distributed across the city and fragmented in terms of availability, including eco-
nomic empowerment, expansion of services to diverse groups of victims, increased 
access to information, and trauma-informed training of staff (Sabina & 
Figueroa, 2019).

�Data and Methods

This analysis is based on exploratory spatial methods and regression analysis, which 
uses the following databases:

	(a)	 Individual formal complaints of domestic violence occurred in Quito, between 
2018 and 2021, presented to the General Prosecution Office of Ecuador (Fiscalia 
General del Estado, 2022). This database includes information about the type of 
violence, date, and geographic coordinates of events. The database contained 
data for 9933 individual cases.

	(b)	 The 2010 Ecuadorian Population and Housing Census (INEC, 2010), which 
includes information about the magnitude, structure, growth, and distribution of 
the population and its economic, social, and demographic characteristics.

12  COVID-19 and Domestic Violence Complaints in Quito, Ecuador: Temporal…
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Fig. 12.1  Map of Quito, with census sectors with population density. (Census sectors are the units 
of analysis in this research)
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	(c)	 The population projection at the cantonal level for the years 2010–2020 pre-
pared by the National Institute of Statistics and Censuses (INEC).

	(d)	 The 2014 Social Registry database, a cadaster containing social, economic, and 
demographic information at the individual and family level; that allows national 
public institutions to identify their target populations, in order to better focus 
policy efforts on groups living in poverty.

In terms of spatial resolution, individual records from the FGE were grouped into 
political division called “parishes” and “census sectors”, which is the unit of obser-
vation in this analysis. A census sector contains a defined number of census blocks. 
Our study covers 8264 census sectors. Similarly, the violence database from FGE 
was grouped according to their type: domestic, psychological, sexual violence, and 
femicide. In this study, we explore only domestic violence. All individual data has 
been aggregated at the census sector level to guarantee the privacy of the individual 
victims. Finally, different types of mobility restrictions were assigned to each event, 
including complete confinement due to COVID-19 (March 2020–August 2020).

�Geographical Analysis

To better understand the changes in spatial patterns of complaints to the legal sys-
tem during the COVID-19 pandemic, two methods for exploration of spatial depen-
dence were chosen: Moran’s Index and Getis-Ord’s I (Fig. 12.2). Moran’s I (Moran, 
1948) is a widely used correlation coefficient that measures general spatial autocor-
relation of the data. Moran’s I range from −1 to 1 and is positive if the data is 
clustered, negative if it is dispersed, and close to zero if it is random. The Getis-Ord 
Index (Ord & Getis, 1995) is another measurement of spatial autocorrelation and 
measures the concentration of high or low values in a fixed study area. In some 

Fig. 12.2  Scheme of the process followed to obtain the spatial correlation and clustering indices

12  COVID-19 and Domestic Violence Complaints in Quito, Ecuador: Temporal…



140

cases, the Getis statistic is dependent to geographical scale, including the size of the 
study area and the degree of detail (Fan & Myint, 2014).

In Ecuador, a “traffic light” system was used to communicate restrictions in 
mobility during 2020. “Green” was used to illustrate no restrictions to mobility and 
was applied between September and December of 2020, “yellow” illustrated some 
restrictions to mobility during the period of June to August 2020, and “red” illus-
trated complete lockdown during the period of March to May of 2020. In our analy-
sis, different periods in 2018, 2019, and 2020 were compared to explore differences 
due to mobility restrictions (Comité de Operaciones de Emergencia Nacional, 2020).

�Statistical Analysis

This analysis seeks to understand the drivers of the formal complaints of domestic 
violence to the competent entity and if there were some changes related to different 
restrictions in mobility. An Ordinary Least Squares (OLS) regression model was 
built to explore the direction and statistical significance of the relationship between 
the number of domestic violence cases in each census sector (dependent variable) 
and of independent variables that included:

Lockdown  Indicates the months when there was a complete lockdown or mobility 
restrictions (March to August 2020).

Demographic Variables  Include percentage of people (age, gender) and number of 
households per census sector. One of the hypotheses explored is that the levels of 
domestic violence in each census sector are related to the size of the population in 
each sector. Given that the only reliable and available source of information, the 
2010 Population Census, does not show the current size of the population, it was 
necessary to carry out a projection of the population at the census sector level for the 
years 2018, 2019, and 2020. After considering several alternatives (including the 
use of the 2001 Census to calculate an annual growth rate),1 it was concluded that 
the best way to carry out this projection was by using the INEC Population Projection 
2010–2020 available only at cantonal level.2 First, the participation of each census 
sector in the total population of the Quito canton was calculated. Second, the popu-
lation projections at the cantonal level for the years 2018, 2019, and 2020 were 
considered. With these data, the estimated population at the census sector level was 
calculated for each of the years considered in the study as follows:

	
Estimated Population INEC Proyection Shareiy y i� �

	

1 It was not possible to use the 2001 Census because changes were made in the census sectors due 
to administrative decisions, so that only 5457 sectors of a total of 8264 (66.03 percent) coincide 
between the bases of the FGE and the 2001 Census.
2 The political-administrative division of Ecuador comprises, from highest to lowest hierarchy, 
provinces (24), cantons (221), parishes (1499), and census sectors.
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where (i) represents each of the census sectors and (y) the years considered.

Distance to the Closest Crime Reporting Facility  A variable was constructed that 
reflects the average distance from the place where domestic violence was commit-
ted in each census sector to the closest reporting unit. Subsequently, an average of 
the distances of crimes in each census sector was obtained for each month and year 
from 2018 to 2020. It is important to note that only the distances of 9933 individual 
cases (crimes) could be calculated out of a total of about 12,500 cases, because of 
errors in the collection of coordinates.

Urban  This is a variable that indicates if the census block is urban or rural, accord-
ing to the definition of the National Census.

Education Variables  Include, (a) years of schooling or average years of study of 
people aged 24 or over and (b) the percentage of children aged 6–12 year old who 
report non-attendance to primary school.

Poverty and Vulnerability  These indicators are constructed according to the 
Unsatisfied Basic Needs (UBN) methodology.3 The simple indicators selected to 
measure the deprivations of the population were two composite indicators of pov-
erty by UBN were constructed at the census sector level: (i) percentage of individu-
als/households in poverty by UBN (one or more unsatisfied basic needs) and (ii) 
percentage of individuals/households living in extreme poverty by UBN (two or 
more unsatisfied basic needs). The unsatisfied basic needs are: (a) percentage of 
individuals/households in a situation of economic dependence (insufficient eco-
nomic capacity); (b) percentage of individuals/households with children 6–12 years 
of age who do not attend school; (c) percentage of individuals/households whose 
dwelling is built with materials considered deficient; (d) percentage of individuals/
households with poor access to basic services; (e) percentage of individuals/house-
holds in conditions of critical overcrowding.

Employment  Percentage of people over 15  years of age in employment or 
subemployment.

Economic Dependency  Indicates the percentage of individuals, children, and 
elderly, in a situation of economic dependency for each census sector.

At the end of this data management process, a final database with more than 70 
different variables at the census sector level was obtained, which was used to per-
form the regression analysis. In this analysis, we present the most important 
variables.

3 The UBN methodology is a multidimensional poverty measure developed in the 1980s by the 
Economic Commission for Latin America and the Caribbean (ECLAC). This methodology seeks 
to determine, with the help of some simple indicators, if the basic needs of the population are 
covered. Groups that do not reach a fixed minimum threshold (i.e., one or more unsatisfied basic 
needs) are classified as poor (Battiston et al., 2013).
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�Results

�Temporal and Spatial Patterns of Domestic Violence Complaints

There is considerable decrease in the level of formal complaints of domestic vio-
lence during the months of mobility restrictions, i.e., confinement, during March 
and April of 2020 in Quito, compared to previous years (Fig. 12.3). In May 2020, 
the number of complaints was considerably higher coinciding with a period of more 
mobility.

Spatial patterns are similar between the 3 years (2018, 2019, 2020). In 2020, 
there is a decrease in cases in the “modern or commercial center” of the city and an 
increase in intensity in the southern, poorer, areas (Fig. 12.4). This is an indication 
that domestic violence cases moved from areas of employment to areas of residence.

In terms of spatial autocorrelation of domestic violence complaints, Tables 12.1 
and 12.2 shows the results for Moran’s I and Geary’s C, respectively. In this case, 
traffic light colors were used to communicate restrictions of mobility in the city. 
Results of Moran’s I indicate statistically significant and positive spatial autocorre-
lation, only for “yellow level” of mobility restrictions, when we compare 2020–2018 
and 2019. At the local level, using Geary’s C, there is a mix between random and 
clustered patterns for the 3 years. Important to note that during March and April of 
2020, the periods of more restrictions, the spatial pattern is random.

Figure 12.5 shows the spatial representation of the results of the Getis-Ord Index.

Fig. 12.3  Heatmap that illustrate temporal pattern, March and April 2020, Quito, Ecuador
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Fig. 12.4  Spatial patterns of the location of domestic violence reported to the General Prosecutor 
Office, 2020

Table 12.1  Results of Moran’s I comparison across different periods in 2018, 2019, and 2020; 
*refers to restricted mobility?

Period of comparison
Mobility
restriction period Moran’s I

2020–2018 Red 1.5309
Yellow 3.40*
Green 1.50

2020–2019 Red 1.48
Yellow 2.3562*
Green 0.32

Table 12.2  Results of the Getis-Ord Index to explain different patterns of clustering across 
different months

2018 2019 2020

January Clusters January Clusters January Clusters
February Clusters February Random February Clusters
March Clusters March Random March Random
April Clusters April Clusters April Random
May Clusters May Clusters May Clusters
June Random June Random June Clusters
July Random July Clusters July Clusters
August Clusters August Clusters August Clusters
September Clusters September Clusters September Random
October Random October Random October Random
November Clusters November Clusters November Random
December Clusters December Random December Random
Total Clusters Total Clusters Total Clusters
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Fig. 12.5  Results of the Getis-Ord Index. Reddish colors indicate concentrations of high values of 
domestic violence in 2019 and 2020

�Drivers of Domestic Violence Complaints

Domestic violence and how victims decide to present complaints to the judicial 
system is complex with different underlying causes. In this exploratory analysis, we 
try to understand if the lockdown period or different mobility restrictions played a 
role in the number of complaints.

Table 12.3 shows the result of the OLS model. The model is a combination of 
selected variables, which were chosen based on domestic violence theory and the 
degree of multicollinearity. In general, we find that demographic variables are not 
statistically significant, while economic and geographic variables are important.

The lockdown variable, restrictions to mobility, is negative and statistically sig-
nificant to the number of complaints (−0.1982), which indicates that the lockdown 
affected the capacity of victims to seek legal solutions to violence. Distance to 
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Table 12.3  Results of the Ordinary Least Squares (OLS) model

Variables Coefficient SE

Lockdown −0.1982 −0.06222***
Population 0.00002 −0.00029
Number of households −0.00013 −0.0011
Share of women −0.45512 −0.53685
Distance to the complaint unit −0.06959 −0.02358***
Urban −0.03044 −0.16037
Years of schooling 0.06551 −0.01419
School absenteeism 2.36377 −1.25083**
Employment 1.01896 −0.34246***
Economic dependence 1.59331 −1.1543*
Deficient housing materials 0.89382 −0.93042
No access to basic services 1.04665 −0.89468
Overcrowding 1.52544 −0.95386*
Poverty NBI −0.88592 −0.87416
Extreme poverty NBI −1.71428 −1.22036*
Constant 0.4844 −0.74508
Year dummies ✓
Month dummies ✓
Parish dummies ✓
Number of observations 7618
R-squared 0.0671

Note: All specifications include a constant
***Significant at the 1 percent level (P-value <0.01); **(P-value <0.05); *(P-value <0.1)

complaint unit is also statistically significant and negative (−0.06959), which indi-
cates that there is a geographic factor that mediates whether someone will submit a 
complaint. The average distance to the closest complaint units in each of the census 
sectors has a negative effect on the number of complaints. The greater the distance, 
the lower the number of reported cases. Logically, given the lack or inefficiency of 
alternative non-face-to-face reporting mechanisms, physical distance from report-
ing units turns out to be a factor that reduces the possibility of people reporting this 
type of crime. This also reflects the fact that people find it difficult to get around 
and, therefore, the more remote reporting units are, the less likely it is that people 
will bear the transportation and opportunity costs that they must incur to 
report crimes.

How economic factors, including poverty, affect the level of domestic violence 
complaints is also very important to understand, especially in very unequal cities 
like Quito. Employment is a variable that is statistically significant and negatively 
related to the number of complaints. Census sectors with larger proportions of 
households with employment have a lower number of complaints, which indicates 
that income stability linked to employment (or the opposite, stress related to unem-
ployment) affects domestic violence and therefore the number of complaints (Staggs 
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& Riger, 2005). A sector with a higher level of employment means that it has more 
women working and, therefore, empowered to make the decision to report to the 
authorities when they suffer some type of abuse.

Economic dependence (1.59331), no school attendance (2.36377), overcrowding 
(1.52544), and extreme poverty (−1.71428) all are statistically significant but have 
positive and negative relationship with the number of domestic violence complaints. 
Less extreme poverty leads to more complaints, which might indicate that domestic 
violence complaints are linked to a certain level of wealth. No school attendance for 
children and overcrowding are also indicators of economic stress and the census 
sectors that with more extreme poverty generate less domestic violence processes.

The economic dependency indicator has a positive effect (1.59331) on domestic 
violence. Therefore, the higher the percentage of families with more than three eco-
nomically dependent persons, the higher the number of reported cases.

The indicator of school absenteeism has a positive effect of a considerable mag-
nitude (2.36377) on domestic violence in general. This means that, as the percent-
age of children who do not attend school regularly increases, the greater the number 
of cases of violence that are reported in the census sectors. Without a doubt, school 
absenteeism is an important indicator of the poverty situation in which many fami-
lies live in the city of Quito. Not having sufficient resources, many households find 
it necessary to force their children to work so that they can contribute financially to 
meet the immediate needs of the family, instead of enrolling them and sending them 
to school classes (Psacharopoulos, 1997). This serious problem is a trigger for the 
intergenerational transmission of poverty; since children do not acquire the educa-
tion and human capital, they require to overcome this situation in the future and end 
up trapped in what is known as a “poverty trap” (Aldaz-Carroll & Morán, 2001). 
Furthermore, school absenteeism appears to increase the probability of the occur-
rence of domestic violence significantly. This could be due to the fact that the mech-
anisms used by parents to force their children to work and make some financial 
contribution to the home often involve the use of violence, especially psychological 
violence (Pasquier-Doumer & Brandon, 2015).

Third, overcrowding inside the home also has a positive and significant effect 
(1.52544) on the number of reported cases of violence. It seems logical to think that 
the greater the number of people who share the same space, the greater the friction 
between them that can lead to the commission of these crimes. The magnitude of the 
coefficient is quite significant, reflecting that overcrowding is one of the factors that 
most influences the emergence of violence within the home. In general, three of the 
five simple indicators of poverty (economic dependency, truancy, and overcrowd-
ing) have a positive effect on total cases of domestic violence. This evidence con-
firms that the vulnerability and precarious economic situation of families explain a 
large part of the violent crimes committed within them. There are many factors that 
could explain this relationship, among which we can mention are the abuse of power 
of those who financially support the rest, the mechanisms that are used to force the 
other members to contribute financially and the frictions that are generated by coex-
istence in tight spaces.
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However, it is important to mention that poverty due to UBN does not have a 
significant effect on reported cases of violence; while extreme poverty has, surpris-
ingly, a statistically significant negative effect (−1.71428). The absence of poverty 
effects could be due to the fact that all of these impacts are being driven by the 
simple indicators of economic dependency, school absenteeism, and overcrowding. 
In other words, the poverty level of families increases domestic violence; however, 
it does so only through these channels, so that once included in the regression the 
percentage of poor is no longer significant to explain the levels of violence.

The fact that extreme poverty reduces cases of violence might seem somewhat 
more surprising. However, it must be considered that the cases of violence consid-
ered are only those that are reported. Therefore, it seems logical to think that, when 
the poverty situation of families is extreme, they have greater difficulties and less 
motivation to report the abuses of which they are victims. This would explain that 
as the percentage of households living in extreme poverty within a sector increases, 
the lower the number of violent cases that are reported. There are dimensions of 
poverty that, when present, increase the number of cases of violence, but when these 
dimensions are combined or are present at the same time, the situation of poverty is 
so serious that families stop reporting crimes.

Finally, the fixed effects of the year, month, and parish were controlled. The 
estimates show that the year 2019 presented a statistically significant reduction 
(−0.14359) in the total cases of violence compared to the other years. In addition, 
the months of March, April, and May 2021 have positive effects on domestic vio-
lence. The occurrence of these crimes increases during this particular time period. 
The positive effects are 0.1266, 0.1346, and 0.1351, respectively, for each of these 
months. Lastly, belonging to a particular parish has no effect on overall levels of 
domestic violence.

�Conclusions and Recommendations

Domestic violence can take different forms and respond to complex processes. This 
is an exploratory analysis that tries to understand different temporal and spatial pat-
terns of domestic violence through the complaints that victims submitted to the 
legal system during the COVID-19 pandemic.

As many reports suggest, domestic violence is a secondary effect of the 
COVID-19 pandemic. We can point out that our preliminary analysis in Quito shows 
that restrictions to mobility and lockdown have affected the way victims report 
domestic violence.

First, our analysis shows a decrease in the number of formal complaints of 
domestic violence in the months of March and April of 2020 when compared to the 
same period in 2018 and 2019. Heat maps show that there is a shift in the number of 
formal complaints of domestic violence from the modern center of Quito to the 
southern part, as shown in Fig. 12.4. Geary’s C Index of spatial autocorrelation also 
shows a smaller number of clusters and a more random spatial pattern in 2020.
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In terms of the demographic and socioeconomic drivers of domestic violence 
complaints, this analysis shows the negative effect of the lockdown on the formal 
reporting of domestic violence. It also shows the importance of the distance between 
victims and complaint units. In addition, our statistical model shows the negative 
effects of extreme poverty on the submission of complaints to the legal system.

This analysis is limited by several factors, which range from conceptual to meth-
odological. Domestic violence complaints submitted to the legal system are just a 
part of the problem. It is accepted that only a minor portion of domestic violence 
cases is taken to the different components of the legal system, including the police 
and prosecutor. Further research will analyze calls to emergency systems. From the 
methodological point of view, this is a quantitative analysis based on secondary 
data. It would be optimal to complement this analysis with qualitative methods, 
such as interviews with victims of domestic violence. A specific finding is that dis-
tance to violence reporting unit is important to explain lower levels of reporting, 
which suggests that creating more easily accessible units will improve how victims 
register abuse.

Finally, there is the need to understand better the secondary-order effects of the 
COVID-19 pandemic, which are, like the pandemic, very dynamic and spatially 
explicit. Policy implications and practical solutions will depend on our level of 
understanding of the underlaying factors and impacts.
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Personal Story
During the last 2 years, I personally experienced two very different policy 
responses to the COVID-19 pandemic, one in China and one in the United 
States, which made me think quite a lot. I went back to China during the win-
ter break of my job in an American college for a planned short family visit in 
January 2020. I bumped into the outbreak of the pandemic and got stuck 
there, because of the sudden and strict travel restriction. I managed to come 
back to the states after 13 months. When I was in China in 2020, because of 
my academic specialty in spatial epidemiology, I got invited by my hometown 
CDC (the CDC of Nanchang City) to help them develop a GIS-based system 
for dealing with the pandemic. This opportunity brought by the unfortunate 
delay of the trip and returning to my normal life allows me to get out of the 
ivory tower and gain the first-hand experience of a real-world war against a 
contemporary pandemic. With the implementation of extremely strict lock-
down policies, China effectively abated nationwide transmission of the dis-
ease in about 2 months. Nanchang City, the capital of my home province, 
Jiangxi Province, has a population of 5 million people and is the one among 
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�Introduction

Many spatial analyses of communicable diseases start with cluster detection, which 
seems to be a mindset carried over from the environmental health research of 
chronic diseases. Furthermore, many researchers directly applied the spatial auto-
correlation tools available in commercial GIS or cluster detection methods devel-
oped for chronic diseases to communicable diseases. Ever since the outbreak of the 
COVID-19 pandemic, numerous studies have used that approach. For example, 
Shariati et al. (2020) directly used the Getis-Ord Gi* and Anselin’s Local Moran’s I 
in ArcGIS to detect hot spots of the cumulative incidence rate and cumulative mor-
tality rate of all countries affected by the COVID-19 pandemic at the end of April 
2020. Das et al. (2021) used the Getis-Ord Gi* to identify hot spots of COVID-19 
incidence in the Kolkata megacity, India. Wang et al. (2021) applied global Moran’s 
I, Anselin’s Local Moran’s I, Getis-Ord Gi*, and the spatiotemporal scan statistics 
to the city-level COVID-19 incidence in China, from January to October 2020. 
Xiong et  al. (2020) used similar methods to explore the spatial patterns and the 
influencing factors of COVID-19 incidence at both prefecture and county levels in 
Hubei Province, China. Using daily case data at the county level, Desjardins et al. 
(2020) detected space-time clusters of COVID-19 in the United States with SaTScan 
for two overlapping periods: January 22 to March 9, 2020, and January 22 to March 
27, 2020. Using the same method, Hohl et al. 2020 updated that work by extending 
the study period to April 27, 2020 (Hohl et al., 2020a), and then further to May 31, 

all provincial capitals in China nearest to the epicenter, Wuhan, but eventually 
had only 248 cases up to January 31, 2021. When I came back to the states in 
early February 2021, I felt I was like a soldier who just came back from a 
fierce battlefield suddenly plunged into a relaxing and soothing normal life. 
I was not required to quarantine although I just had traveled internationally. 
Almost all stores and restaurants were open. Except for the masks on people’s 
faces, I could not tell much difference between what I saw and what had been 
before the pandemic. As a public health professional, I understood that such 
loose policies may lead to a higher risk of transmission, but why did not 
I want to refuse to enjoy this much more normal life? This question made me 
think about what the optimal policies and implementations would be, whether 
the strict policies in China are worth the cost in all aspects, and what we could 
do better next time (hope we do not have to answer the last question ever). 
I understand all these are complicated questions and I do not expect to have 
satisfactory answers to them shortly. This is why I am so glad to have this 
chance to contribute to this book by telling a little about the pandemic story in 
China. I see this contribution as a small part of a much bigger effort that seeks 
answers to those questions. Meifang Li
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2020 (Hohl et al., 2020b). Martines et al. (2021) used a similar method to detect 
daily COVID-19 clusters and examined the relative risk between several periods in 
5570 Brazilian municipalities.

With no exception, all these works ran spatial autocorrelation or cluster detection 
analyses essentially based on the incidence rate, essentially a ratio between the case 
count and the population size, apparently a methodological setting directly taken 
from the analyses of chronic disease. However, the assumption beneath the analyses 
of chronic diseases based on the incidence rate is that there is a strong association 
between the case count and the population. In other words, a certain disease has a 
normal range or a baseline of rate in a certain population, and thus, we expect the 
case count in a certain population to be within a certain range. The disease cluster 
detection then detects if the case count within a population, location, and time 
period is abnormally high or low, so as to suggest local environmental or social risk 
factors (Mclafferty, 2015). Therefore, the influence of the population size needs to 
be eliminated or at least minimized, to reveal the impact of environmental risk fac-
tors (Shi, 2009). The most common way to eliminate the influence of population 
size is to use the rate rather than the case count. However, the assumption of a nor-
mal rate is problematic to an acute human-to-human communicable disease like 
COVID-19, because usually, we can hardly claim that there is a normal incidence 
rate for such a disease, and thus, the relationship between the case count and popu-
lation size will not be straightforward. This problem has three major sources: First, 
the number of cases in a region is highly related to the number of primary cases, 
which are the cases that start the transmission in a region. For example, if there are 
no primary cases at all in a region, then no matter how large the population the 
region has, the number of cases in the region will be zero. Second, the number of 
cases is highly related to the chance of a patient to infect a susceptible person and in 
turn highly related to the population density, as a high population density increases 
the chance of contact between individuals. Third, the transmission process can be 
prevented and controlled, and thus, an epidemic may not have a natural develop-
ment in the population and thus can hardly demonstrate the “real” relationship 
between the disease and the population. This last point is especially true in a con-
temporary epidemic/pandemic.

There have been studies exploring the relationships among the population size, 
population density, and COVID-19. Bhadra et al. (2021) found a moderate associa-
tion between the population density and COVID-19 incidence rate and mortality rate 
at the district level of India. Kadi and Khelfaoui (2020) found a strong correlation 
between the population density and COVID-19 incidence in Algeria. Similar find-
ings were also reported in the United States (Carozzi, 2020; Sy et al., 2021; Wong & 
Li, 2020), Turkey (Baser, 2021; Coşkun et al., 2021), Japan (Kodera et al., 2020), 
and Brazil (Pequeno et al., 2020). However, Sun et al. (2020) and Fang and Wahba 
(2020) found that the population density or urban density was not related to the 
COVID-19 incidence in China, and they attributed it to the strict lockdown policy 
implemented by the government. Barr and Tassier (2020) found that the timing of 
early case arrivals is much more important than that of the population density. Until 
now, there have been no consistent findings or conclusions for COVID-19 on the 
associations among the population size, population density, and case count, let alone 
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for general communicable diseases. There is also a lack of in-depth exploration and 
discussion on this issue, which hampers our revealing, characterization, and under-
standing of the meaningful spatiotemporal variation of communicable diseases.

Here we used the COVID-19 data in China to explore its associations with popu-
lation size and population density. Since China had the earliest outbreak of 
COVID-19 and also is a country that has implemented one of the strictest control 
policies in the world, the findings of this study will not only be indicative and have 
important academic and practical implications, but also be meaningful to the gen-
eral study of contemporary communicable diseases.

�Data and Methods

�COVID-19 Epidemic Data

We obtained the COVID-19 data of China from an R package compiled by Wu et al. 
(2021), from which we extracted the daily cumulative number of confirmed cases 
since December 1, 2019, at the city and provincial levels. We inferred the daily new 
case count from the daily cumulative count. Figure 13.1 shows the daily new case 
count and daily cumulative case count from December 1, 2019, to December 31, 
2021. As of December 31, 2021, 115,042 cases were reported in China, including 
11,139 cases imported from outside China. The period from mid-January 2020 to 
the beginning of March 2020 was the primary peak period of the COVID-19 epi-
demic in China, followed by three small peaks occurring in August 2020, January 
2021, and August 2021. These later peaks were mainly caused by imported cases 

Fig. 13.1  Temporal distribution of daily numbers of COVID-19 cases in China from December 1, 
2019, to December 31, 2021
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and were quickly abated. In this study, we focus on the period of the primary peak, 
specifically, the 7 weeks from January 18, 2020, to March 6, 2020. A total of 80,751 
indigenous cases were reported in China during this period. We conducted analyses 
at both city and provincial levels.

�Population Data

To correspond to the disease data, we retrieved 2020 China’s Population Count data 
(Bondarenko et al., 2020; WorldPop, 2021a) from the WorldPop, an open-access 
spatial demographic dataset (WorldPop, 2021b). The data was produced based on 
the 2020 population census and constrainedly disaggregated based on building 
areas determined by the Built-Settlement Growth Model (BSGM) (Nieves et  al., 
2020). It is a raster layer with about 100-m resolution, and each cell contains the 
estimated number of people in that small area represented by the cell.

We used the zonal statistics tool in ArcGIS to calculate the population and area 
of each city and each province. We then calculated the population density of each 
city and each province by dividing the population by the area of the city or province. 

Fig. 13.2  The population size and population density at the city and provincial levels in 
China in 2020
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Notably, the area only includes the building area that is likely to have a permanent 
population. Figure 13.2 shows the spatial distribution of population size and popula-
tion density at the city and provincial levels.

�Statistical Methods

For our seven-week study period, we ran the linear regression to explore the asso-
ciation between the COVID-19 epidemic and the population size or population den-
sity on a weekly basis. This analysis was applied at both city and provincial levels. 
We applied the regression analysis to the weekly case data of those provinces or 
cities with at least one case in that week, to avoid the zero-inflation issue.

Besides the case count, we also evaluated the association between the transmis-
sion ability and population size or population density. Due to the limitation of data, 
in this study we simplistically calculated the transmission ability by dividing the 
case count of the later weeks of the 7 weeks by the case count of the earlier weeks, 
assuming that cases in the earlier weeks were imported and the cases in the later 
weeks were indigenous. The calculation of transmission ability is shown in 
Eq. (13.1):

	 r C C= l e/ 	 (13.1)

where r is the transmission ability, Cl is the total case count of a city or province in 
the later weeks, and Ce is the total case count of a city or province in the earlier 
weeks. We tested three specifications of the earlier weeks (i.e., the imported-case 
period): the first week (Jan 18–24, 2020), the first 2 weeks (Jan 18–31, 2020), and 
the first 3 weeks (Jan 18–Feb 7, 2020). The specification of the earlier weeks is 
based on the incubation period of COVID-19 (McAloon et al., 2020). Accordingly, 
the three specifications of the later weeks (i.e., the indigenous-case period) are all 
those weeks after the earlier weeks.

�Results

�COVID-19 Epidemics in China During the Primary Peak Period

Figure 13.3 shows the weekly COVID-19 epidemic at the city level of China during 
the primary peak period, January 18, 2020, to March 6, 2020. The maps show that a 
rapid spread of the disease across the country occurred during January 25 to 
February 14, 2020. Those are the 3 weeks following the lockdown of Wuhan, the 
epicenter of China, on January 24, 2020. After those 3 weeks, the epidemic declined 
sharply. Spatially, the transmissions mostly occurred in the eastern part of China, 
especially the cities close to Wuhan.
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Fig. 13.3  Spatial distribution of weekly COVID-19 case counts in China during our study period, 
January 18 to March 6, 2020

�Association of COVID-19 Epidemic with the Population 
in China at the City Level

Tables 13.1 and 13.2 show the city-level statistical results on the associations of the 
population size and the population density with the COVID-19 epidemic in China, 
evaluated using the linear regression analysis. To explore the potential nonlinear 
relationship between the population and case count/transmission ability, we also 
conducted regression analysis using log10-transformed population values.

Table 13.1 shows that only weeks 1, 2, and 3 (the period observing the majority 
of the cases) and the entire study period claim statistically significant associations 
between the case count and the original population size, and only weeks 1 and 2 
have statistically significant associations about the log-transformed population size. 
All associations about population size are quite weak (R2 ≤ 0.044), and those about 
the population density are even weaker (R2 ≤ 0.007), and none of them are signifi-
cant. The log10 transformation does not have a considerable impact on the results. 
Generally, the log-transformation slightly lowers R2 and reduces the statistical sig-
nificance for the population size, whereas it slightly raises R2 and increases the 
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Table 13.1  Weekly results of regression analysis on association of the COVID-19 case count with 
the population at the city level in China, calculated with those cities having at least one case in 
that week

Dependent variable Independent variable Coefficient P-value R2

Case count of week 1 Population size 0.000 0.007** 0.044
Log-transformed population size 21.430 0.028* 0.030
Population density 0.191 0.376 0.005
Log-transformed population density 13.970 0.275 0.007

Case count of week 2 Population size 0.000 0.002** 0.034
Log-transformed population size 68.370 0.011* 0.022
Population density 0.704 0.357 0.003
Log-transformed population density 36.337 0.348 0.003

Case count of week 3 Population size 0.000 0.025* 0.017
Log-transformed population size 77.050 0.195 0.006
Population density 0.677 0.761 0.000
Log-transformed population density 83.480 0.521 0.001

Case count of week 4 Population size 0.000 0.103 0.011
Log-transformed population size 412.100 0.153 0.008
Population density 3.314 0.665 0.001
Log-transformed population density 295.900 0.453 0.002

Case count of week 5 Population size 0.000 0.207 0.010
Log-transformed population size 49.840 0.484 0.003
Population density 0.686 0.803 0.000
Log-transformed population density 100.830 0.529 0.003

Case count of week 6 Population size 0.000 0.459 0.010
Log-transformed population size 24.750 0.599 0.005
Population density 0.169 0.935 0.000
Log-transformed population density 71.880 0.628 0.004

Case count of week 7 Population size 0.000 0.651 0.009
Log-transformed population size 21.130 0.656 0.009
Population density −0.318 0.882 0.001
Log-transformed population density 42.890 0.793 0.003

Case count of all weeks Population size 0.000 0.029* 0.015
Log-transformed population size 321.800 0.220 0.005
Population density 3.841 0.698 0.000
Log-transformed population density 425.400 0.446 0.002

Significant codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “” 1

statistical significance for the population density. There is also a trend that the asso-
ciations became weaker as the epidemic evolved.

As for the transmission ability, Table 13.2 shows that only the setting of using the 
first 2 weeks as the imported-case period results in slight albeit significant negative 
associations with the original and log-transformed population density (R2 ≤ 0.020), 
and using the first 3 weeks as the imported-case period results in significant negative 
associations with the log-transformed population size and log-transformed 
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Table 13.2  Results of regression analysis on the association of the COVID-19 transmission 
ability with the population at the city level in China, calculated with those cities having at least one 
case in the imported-case period

Dependent variable Independent variable Coefficient P-value R2

Infection rate calculated using week 1 
as the imported-case period

Population size −0.000 0.293 0.007
Log-transformed 
population size

−47.940 0.135 0.014

Population density −0.538 0.447 0.004
Log-transformed 
population density

−23.220 0.581 0.002

Infection rate calculated using weeks 
1–2 as the imported-case period

Population size 0.000 0.991 0.000
Log-transformed 
population size

0.288 0.555 0.001

Population density −0.030 0.030* 0.016
Log-transformed 
population density

−1.666 0.016* 0.020

Infection rate calculated using weeks 
1–3 as the imported-case period

Population size −0.000 0.216 0.005
Log-transformed 
population size

−0.231 0.001*** 0.033

Population density −0.000 0.947 0.000
Log-transformed 
population density

−0.379 0.012* 0.020

Significant codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “” 1

population density. All the other settings do not result in significant associations. 
The log-transformation generally gives somewhat stronger associations.

�Association of COVID-19 Epidemic with the Population 
in China at the Provincial Level

Tables 13.3 and 13.4 show the province-level results. At the provincial level, the 
associations become even weaker than their counterparts at the city level. None of 
the associations at the provincial level are significant. Another notable pattern is 
that, at the provincial level, the association between the case count and the popula-
tion density is consistently negative across different settings and for both original 
and log-transformed values (Table 13.3). For the transmission ability, this pattern is 
not consistent: the original values and transformed values of population density 
result in opposite signs for the association. However, since all the associations are 
very weak and not significant, it is hard to judge if this negative-association pattern 
is meaningful.
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Table 13.3  Weekly results of regression analysis on the association of the COVID-19 case count 
with the population at the provincial level in China, calculated with those provinces having at least 
one case in that week

Dependent variable Independent variable Coefficient P-value R2

Case count of week 1 Population size 0.000 0.363 0.028
Log-transformed population size 8.430 0.498 0.015
Population density −0.282 0.681 0.006
Log-transformed population density −4.227 0.938 0.000

Case count of week 2 Population size 0.000 0.333 0.029
Log-transformed population size 78.080 0.502 0.014
Population density −2.892 0.650 0.006
Log-transformed population density −93.270 0.852 0.001

Case count of week 3 Population size 0.000 0.539 0.012
Log-transformed population size 165.400 0.616 0.008
Population density −8.161 0.653 0.007
Log-transformed population density −443.700 0.757 0.003

Case count of week 4 Population size 0.000 0.712 0.005
Log-transformed population size 227.600 0.723 0.004
Population density −17.020 0.689 0.006
Log-transformed population density −737.300 0.787 0.003

Case count of week 5 Population size 0.000 0.699 0.005
Log-transformed population size 69.490 0.725 0.004
Population density −5.305 0.684 0.006
Log-transformed population density −237.200 0.777 0.003

Case count of week 6 Population size 0.000 0.839 0.002
Log-transformed population size 25.910 0.741 0.006
Population density −2.274 0.668 0.010
Log-transformed population density −117.300 0.742 0.006

Case count of week 7 Population size 0.000 0.846 0.004
Log-transformed population size 19.680 0.686 0.015
Population density −1.545 0.636 0.021
Log-transformed population density −58.690 0.790 0.007

Case count of all weeks Population size 0.000 0.563 0.011
Log-transformed population size 592.000 0.631 0.007
Population density −28.340 0.675 0.006
Log-transformed population density −1498.000 0.777 0.003

Significant codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “” 1

�Discussion

With the COVID-19 data of China during the first and primary peak period (January 
18–March 6, 2020), this research explored how the spatial variation of COVID-19, 
as an acute human-to-human communicable disease, was associated with the popu-
lation size and population density. This study was initiated by the consideration that 
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Table 13.4  Results of regression analysis on the association of the COVID-19 transmission 
ability with the population at the provincial level in China, calculated with those provinces having 
at least one case in the imported-case period

Dependent variable Independent variable Coefficient P-value R2

Infection rate calculated using week 1 as 
the imported-case period

Population size 0.000 0.177 0.060
Log-transformed 
population size

2.819 0.144 0.070

Population density −0.178 0.093 0.091
Log-transformed 
population density

−11.329 0.177 0.060

Infection rate calculated using weeks 
1–2 as the imported-case period

Population size −0.000 0.610 0.008
Log-transformed 
population size

−0.156 0.411 0.021

Population density 0.005 0.646 0.007
Log-transformed 
population density

−0.229 0.778 0.003

Infection rate calculated using weeks 
1–3 as the imported-case period

Population size −0.000 0.235 0.044
Log-transformed 
population size

−0.172 0.004** 0.228

Population density 0.005 0.117 0.075
Log-transformed 
population density

−0.034 0.903 0.000

Significant codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “” 1

the case count of a human-to-human communicable disease would not have a sim-
ple relationship with the population size like its counterpart of a common chronic 
disease, and thus, typical spatial analytical procedures originally developed for 
chronic diseases in environmental health studies, e.g., cluster detection based on 
disease rate, may not be directly applicable to a communicable disease.

This study found that neither the population size nor the population density is 
strongly associated with the case count or the transmission rate of COVID-19 in 
China, at both city and provincial levels. These findings are consistent with two 
previous studies (Fang & Wahba, 2020; Sun et  al., 2020) that point out that the 
population density is not associated with the variation of the COVID-19 epidemic 
in China and attribute this lack of association to the country’s strict lockdown poli-
cies. “Lockdown” in China means the implementation of some very strict measures. 
For example, when a case was identified and located, the entire apartment building 
or even the entire neighborhood this person resided in would be locked: no one 
would be allowed to come out from the building or the neighborhood, and daily 
necessities would be delivered by certain community managers to the door of each 
family. Our elaboration on this is that such measures apparently had effectively 
reduced the contact frequency among people, and thereby, the transmission got rap-
idly stopped and rarely formed a natural transmission process in the local popula-
tion. Moreover, the early lockdown of the epicenter, the Wuhan City and Hubei 
Province, had considerably lessened the spread of the disease to other areas. For 
example, Nanchang City in Jiangxi Province, the nearest provincial capital from 
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Wuhan, with a population of about 5 million, only saw 248 cases as of December 
31, 2021. This results in the small number problem that makes the incidence or the 
relationship between case count and population highly statistically unstable.

The finding of this study implies that an analysis based on the incidence rate of 
COVID-19 in China becomes less meaningful. For example, it may be not neces-
sary, or even misleading, to run cluster detection using the incidence rate to identify 
the high-risk area of COVID-19 in China. Instead, depending on the research ques-
tion to answer, simple use of the case count may be more informative. Ideally, if the 
available data can support it, the optimal measurement should be the case-
reproduction ratio (Rt) (Li et al., 2019). This notion can be extended to other areas 
and/or other communicable diseases with similar characteristics to the COVID-19 
epidemic in China (strictly controlled situation and limited case count).

This study is a preliminary exploration with limitations, from the data to the 
methods. Due to the data (un)availability, we have only obtained the case count 
aggregated to the city and provincial levels, with which we cannot tell when and 
where each patient got infected. As a result, we could only calculate a very simplis-
tic measurement of the transmission ability. Also, we do not have the demographic 
and socioeconomic information about those cases, e.g., age, gender, and career, 
which hinders us to explore the differences across them. The primary statistical 
analysis used in this study is the linear regression that took in all provinces or cities 
having cases as subjects. More sophisticated analytical techniques, e.g., nonlinear 
models and localized models, can be further explored.

�Conclusion

The population size and population density were not closely related to the COVID-19 
case count and transmission ability in China, at both city and provincial levels. This 
is likely due to the strict prevention measures and the limited number of cases in the 
administrative units. This finding brings up the notion that when conducting spatial 
analysis for COVID-19 and similar human-to-human communicable diseases, e.g., 
cluster detection or environmental-risk detection, we should be more cautious and 
considerate, rather than simply take methods and processes developed for chronic 
diseases.
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Personal Story
At the very outset of the pandemic, the televised address from the New Zealand 
Prime Minister, Jacinda Ardern, signalled something serious was coming, akin 
to a wartime broadcast. Those distant memories of mild confusion and the first 
national lockdown now feel like a different era. Almost two years later, 
COVID-19 has fully arrived in our midst and is very much an unwelcome guest. 
New Zealand has felt like a different planet compared to many other places 
around the world. But an inability to travel, even with very ill family overseas, 
has been cruel, but necessary. The emotional burden of separation has become 
a constant background noise, being disconnected from family and friends that 
you would rather be beside. The personal burden also sits alongside the loss of 
professional networks, conferences and visiting colleagues around the world.

For me, a key point of hopefulness for the future has been the strength of 
the collective efforts that have been focused on COVID-19 from the research 
community around NZ. Seeing just how rapidly a sense of solidarity and 
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�Introduction

This chapter aims to explore how the COVID-19 pandemic unfolded in Aotearoa 
New Zealand (NZ). It provides an overview of a range of research carried out during 
the COVID-19 pandemic, with a specific focus on NZ. First, we begin with a short 
review of the emergence of the SARS-CoV-2 virus in early 2020 and its impacts on 
NZ. The chapter takes a journey through the (still) unfolding pandemic from a NZ 
perspective, recognising some of the important and unique features of the NZ con-
text, such as the position of Māori within NZ.

Second, we turn to explore the role of place, or a geographical perspective, a well-
known determinant of disease and illness (Macintyre et al., 2002; Bowie et al., 2013; 
Campbell et al., 2014; Campbell & Ballas, 2016; Marek et al., 2021b), that can either 
ameliorate or exacerbate health and well-being outcomes. In addition, we discuss the 
linked existing and accelerating inequalities (Ahmed et al., 2020) and inequities gen-
erated by the pandemic in NZ, arguably giving rise to an emerging syndemic.

Third, we explore how geography has become a critical area of research in under-
standing how to contain the SARs-CoV-2 virus. Often, NZ has been isolated from 
the rest of the world using a series of border controls that only allow NZ citizens and 
permanent residents to enter, placing those people without the prerequisite visas in a 
precarious position. The international borders have also been supplemented by 
regional borders within NZ. Additionally, the locations of interest, a term used to 
describe potential exposure events, have become a regular feature of daily life for 
some, requiring individuals to get tested or to isolate from the rest of the community.

Further, we discuss some of the more emergent social issues that have been exac-
erbated or have accelerated, during the unfolding pandemic, before turning to focus 
on the subsequent waves of COVID-19 emanating from new variants of concern in 
NZ.  Further, emerging variants of concern (VoC) have altered the government’s 
approach to the pandemic from an elimination to a suppression strategy. The penul-
timate section of the chapter focuses on the vaccination experience of NZ, demon-
strating how inequalities persistently arise in health care delivery.

We conclude the chapter with a summary of the most salient aspects of 
COVID-19 in NZ, highlighting potential policy solutions to some of the inequalities 
and patterns we have observed.

�The Emergence of COVID-19 in Aotearoa New Zealand

The emergence of COVID-19  in early 2020 was a challenge to many governments 
worldwide facing an unprecedented public health challenge. In NZ, the first case of 
COVID-19 was reported on the 28th of February 2020. This gave rise to the use of 

mission can take over when most needed, academics mapping and modelling 
disease spread in tandem with those in government. The story continues…. 
Malcolm Campbell
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several Nonpharmaceutical Interventions (NPIs), as a primary tool of the public health 
response. NPIs are used because no vaccination or medication to treat COVID-19 
existed (or was approved by regulating agencies at that time). The NPIs involved mea-
sures such as social distancing and practicing good hand hygiene as an attempt to con-
tain the rapid spread of a virus that could lead to morbidity or mortality. In the initial 
phase of COVID-19, NZ closed its borders (Table 14.1) and managed to eliminate the 
virus within its borders, reducing the need for movement restrictions in NZ for large 
parts of 2020 (Fig. 14.1), different from the international context.

Table 14.1  Key dates NZ alert level changes. Alert levels specified the public health and social 
measures to be taken, level 1 being the base level and level 4 the most stringent

Date Nonpharmaceutical intervention/alert level change

16-Mar-20 (BR): border restrictions, compulsory self-isolation, cruise ships prohibited
20-Mar-20 (BC): border closed to all but NZ citizens and residents
22-Mar-20 (L2): level 2
24-Mar-20 (L3): level 3
26-Mar-20 (L4): level 4
28-Apr-20 (L3): level 3
14-May-20 (L2): level 2
9-Jun-20 (L1): level 1
12-Aug-20 (L2, AKL L3): Auckland level 3, rest of NZ level 2
31-Aug-20 (L2): level 2
22-Sep-20 (L1, AKL L2): Auckland level 2 (24 Sep), rest of NZ level 1 (22 Sep)
8-Oct-20 (L1): level 1
14-Feb-21 (L2, AKL L3): Auckland level 3, rest of NZ level 2
18-Feb-21 (L1, AKL L2): Auckland level 2, rest of NZ level 1
23-Feb-21 (L1): level 1
28-Feb-21 (L2, AKL L3): Auckland level 3, rest of NZ level 2
7-Mar-21 (L1, AKL L2): Auckland level 2, rest of NZ level 1
12-Mar-21 (L1): level 1
23-Jun-21 (L1, WLG L2): Wellington level 2, rest of NZ level 1
30-Jun-21 (L1): level 1
18-Aug-21 (L4): level 4
1-Sep-21 (L3, AKL NLD L4): Auckland and Northland Level 4, rest of NZ level 3
3-Sep-21 (L3, AKL L4): Auckland level 4, rest of NZ level 3
8-Sep-21 (L2, AKL L4): Auckland level 4, rest of NZ level 2
22-Sep-21 (L2, AKL L3): Auckland level 3, rest of NZ level 2
4-Oct-21 (L2, AKL HN L3): Auckland and parts of Waikato level 3, rest of NZ level 2
6-Oct-21 (L2, *AKL HN L3): Auckland (eased restrictions) and parts of Waikato level 3, 

rest of NZ level 2
9-Oct-21 (L2, AKL NLD HN L3): Auckland, Northland and parts of Waikato level 3, 

rest of NZ level 2
20-Oct-21 (L2, AKL HN L3): Auckland and parts of Waikato level 3, rest of NZ level 2

Source: New Zealand Government (2021b)
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Fig. 14.1  COVID-19 stringency index, selected countries. (Source: https://ourworldindata.org/
covid-stringency-index. Accessed Feb 2022)

NZ’s early experience of COVID-19 is an important point of departure; the tra-
jectory of COVID-19 was rather more impactful in many places worldwide, even 
amongst developed countries, such as the United Kingdom (UK), the United States 
of America (USA) or Sweden, opting instead for mitigation of COVID-19 (Baral 
et al., 2021). We can see (Fig. 14.1) that amongst similar countries, NZ has utilised 
the most stringent level of restrictions during its outbreaks and then removed restric-
tions rapidly once the outbreaks were contained. The term ‘going hard and early’ 
was coined to characterise the policy of rapid and wide-ranging restrictions such as 
lockdowns in the public imagination to communicate the rapid restrictions that 
would be used. This has given rise to a rather different experience of COVID-19, 
compared to other countries, with the population enjoying relative freedom and 
normalcy (except at the international border) for large periods of 2020 and 2021. 
Travellers to NZ were only allowed entry if they were NZ citizens or residents and 
had to undergo a period of mandatory quarantine for 14 days. The mandatory quar-
antine system (Managed Isolation and Quarantine [MIQ]) was effective in prevent-
ing spread into NZ from the outside, but led to a host of problems for those who 
needed to travel internationally for a variety of legitimate reasons. The MIQ system 
used hotels to house those who were returning from overseas before being released 
back into the community. At the time of writing the border controls were phased out 
at 11.59 pm on 31st July 2022, more than 2 years after introduction.

M. Campbell et al.
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�The Geography of COVID-19 in Aotearoa New Zealand

In this section, we discuss the introduction of geography as the pandemic has 
unfolded in NZ, specifically, the use of regional lockdowns and movement data 
which has highlighted inequities between people and places in NZ.

Early in the pandemic, the response was a single coherent nationwide policy that 
had no geographic nuance. This made the impact of restrictions on movement apply 
to every citizen equally across NZ. There was a simplicity to this single, national 
non-spatial approach, which was employed successfully to eliminate COVID-19 in 
the first wave of the pandemic alongside other measures such as closed borders. The 
impacts of nationwide restrictions on movement are evident in mobility data col-
lected since the pandemic began, with drastic reductions in visits to many types of 
places during higher alert levels (Fig. 14.2). However, in subsequent outbreaks of 
the SARS-CoV-2 virus, a more nuanced and specific approach was required as the 
virus impacted some places more than others.

For instance, on 12 August 2020 (see Table 14.1), it was announced that the 
Auckland region would move to a more stringent series of restrictions (alert level 
3), while the rest of NZ would not. This divergence and the introduction of a geo-
graphically targeted approach was new to NZ. A similar scenario emerged when 
on 28 February 2021, the largest city of Auckland, again experienced a higher 

Fig. 14.2  Visitors by location type. (Note that residential is measured in duration, Google 
Community Mobility Trends, NZ (Ritchie et al., 2020). Accessed Feb 2022. https://ourworldin-
data.org/covid-google-mobility-trends)

14  Regional Patterns of the Pandemic: A View from Aotearoa New Zealand
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level of movement restriction than the rest of NZ. These new geographically dis-
tinct restrictions meant that the capital city, Wellington, experienced a similar fate 
as Auckland on 23 June 2021, when a visiting Australian tourist with COVID-19 
meant that this region experienced a differing level of restrictions than the rest of 
NZ (Table 14.1).

In previous research (Campbell et al., 2021), we reported on the important dis-
tinctions in movement that occurred before and during a national lockdown. The 
research showed that those places which were relatively more deprived (as mea-
sured by a socio-economic deprivation index) could not reduce their movements by 
as much as relatively less deprived places. This rendered those neighbourhoods 
with the most movement more susceptible to the virus in their communities. This 
is an important inequity related to a neighbourhood deprivation status, a proxy for 
socio-economic disadvantage. We have previously hypothesised that this is par-
tially due to the types of jobs that people undertake being ‘essential’, for example, 
those working in supermarkets, who were (or are) unable to work from home. 
There are established patterns of health outcomes and behaviours being strongly 
related to the level of neighbourhood deprivation, including for COVID-19 (Beale 
et al., 2021).

Though disrupted movement patterns and behaviours are expected in lockdown 
scenarios, the NZ experience nonetheless highlights ongoing justice and inequity 
issues around transport and accessibility. Public transport (PT) service capacities 
were reduced to accommodate social distancing requirements during alert levels 3 
and 4 and PT users in NZ tend to be younger and living in areas with higher depriva-
tion (Shaw et al., 2017). Adults with disabilities have continued using public trans-
port at significantly higher rates than those with no disability and are more likely to 
report difficulty getting to the places they need to go (New Zealand Transport 
Agency, 2021). There may be disproportionately negative impacts for people who 
already face transport disadvantage with reduced access to modal alternatives. 
Further access reductions run the risk of exacerbating difficulty reaching essential 
destinations and increasing social exclusion (Rojas-Rueda and Morales-Zamora, 
2021; Palm et al., 2021).

Previous research in NZ has also demonstrated the confluence of underlying 
social and medical factors by area, utilising geospatial methods to visualise metrics 
of area-level vulnerability (Wiki et  al., 2021b). Through mapping, it identified 
areas that may experience disproportionately negative impacts of disease outbreaks 
based on age, underlying health conditions, sociocultural factors, socio-economic 
factors and a combination of these. Results showed unequal social and spatial vul-
nerabilities across NZ, identifying areas where populations may be at greater risk 
of adverse health outcomes (Marek et al., 2021c). This is a particularly important 
consideration as such areas typically have less access to health care and fewer 
resources.

M. Campbell et al.
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�Ongoing Outbreaks: An (Ever) Evolving Pandemic

The arrival of the delta (Δ/δ) variant of concern (VoC) in NZ changed the approach 
of the main actor during the pandemic, the government, in attempting to contain 
and/or eliminate the virus. Delta was a more transmissible variant, spreading more 
easily than prior VoCs and caused people to develop more serious COVID-19 illness 
than prior variants with higher risk of needing hospital care (New Zealand Ministry 
of Health, 2021a). In addition to this, people with delta infections carried a higher 
viral load for longer than previous VoCs. The time from exposure to the virus until 
the first positive test was also shorter for the delta variant. This combination of cir-
cumstances presented NZ with a much more challenging job to eliminate the virus.

At the time of writing, it is unclear what the future trajectory of the pandemic 
will be in NZ, with predictions ranging from elimination to the virus becoming 
endemic with the arrival of the omicron (Ο/ο) VoC. However, one key lesson is 
already emerging, that the strategy that served NZ well in the earlier outbreaks is not 
going to be as effective against a more transmissible variant of SARs-COV-2. A key 
aspect of this has been the confusing messages that have begun to emerge around 
the ‘rules’ of the new alert levels (discussed in an earlier section). The alert level 
system that worked well in previous outbreaks (Table 14.1) was altered to include 
new categories within level 3 (of four levels) to include a series of steps, 1, 2 and 3, 
progressively less restrictive as the steps increased. This would gradually increase 
the ability of those under restrictions to increase their movements and social con-
tacts, from 10 to 25 to 50 contacts. The government announced the next stage of the 
COVID-19 response plan was to provide a pathway out of lockdown and give vac-
cinated citizens more freedom: the COVID-19 Protection Framework.

The COVID-19 Protection Framework introduced a new flexible three-level 
approach to managing COVID-19 in the community based on three levels: green, 
orange and red (New Zealand Government, 2021a). Green signals there are some 
COVID-19 cases in the community and sporadic imported cases, limited commu-
nity transmission and manageable hospitalisations. At the orange level, there will be 
increasing community transmission that is putting pressure on the health system. 
The whole health system shifts focus to pandemic response and there may also be 
an increasing threat for at-risk people. Finally, the red level means action needs to 
be taken to protect both at-risk people and the health system from an unsustainable 
number of hospitalisations and working from home will be encouraged.

What is distinct about more recent outbreaks has been the important role of vac-
cination in being able to ameliorate some of the worst effects of the pandemic (see 
Table 14.2). The table demonstrates the strong link between not being vaccinated 
and hospitalisation (187/1806) = 10.4% vs (3/240 = 1.3%), as observed worldwide 
(Tartof et al., 2021). The observations show that there are also more cases amongst 
the unvaccinated.
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Table 14.2  Vaccination by hospitalisation status for COVID-19 cases

Vaccination status Total cases Cases hospitalised %

No doses 1806 187 10.4
Not eligible (less than 12 years) 709 12 1.7
1 dose only (less than 14 days) 269 26 9.7
1 dose only (at least 14 days) 398 27 6.8
Fully vaccinated (2nd dose less than 14 days) 88 5 5.7
Fully vaccinated (at least 14 days) 240 3 1.3
Total 3510 260 7.4

Source: MoH as of 1 Nov 2021

�Vaccination: Vax to the Max

The vaccination programme in NZ experienced a slow start in comparison to many 
other Organisation for Economic Co-operation and Development (OECD) countries 
and was formulated in an environment where there was no widespread (or often 
any) community transmission within the international border (New Zealand 
Ministry of Health, 2021b). This situation gave rise to an approach that prioritised 
those at the border as the most at-risk group from potential exposure to the virus. 
Group 1 (border workers and their household contacts) was prioritised given this 
context. Subsequently, Group 2 were health workers such as emergency response 
services or working in a residential facility as well as defence force personnel (and 
their household contacts) with border roles. The final category included those aged 
over 65 years and with underlying health conditions in the Counties Manukau area 
(south of Auckland, in proximity to the largest international airport). The next group 
in order of priority was those at the highest risk of serious illness, including anyone 
aged over 65 years as well as people with underlying health conditions. Finally, vac-
cination would be opened in stages for descending age bands to the rest of the NZ 
population.

A key aim of the vaccination programme was protecting those people in the 
population most vulnerable and likely to be most exposed. As vaccinations gathered 
pace, it became clear that even given differing ethnic age profiles, inequalities in 
vaccination uptake were becoming apparent. For example, the NZ European popu-
lation is older than the Māori or Pacific Peoples. In NZ, ethnicity is prioritised, 
meaning that those people who identify with more than one group are assigned an 
ethnic identity in an order of priority from Māori, Pacific Peoples, Asian, to 
European/other. We can observe inequalities in the second vaccination doses, child 
vaccinations and, more recently, booster uptake (see Table 14.3), which shows the 
national (NZ) rates. Most of NZ has fully vaccinated rates (two doses) over 90%, 
with Māori reaching at least 85%. Turning to geographical patterns, we use the 
District Health Board (DHB) areas which are regional organisations responsible for 
the provision of health and disability services. The DHBs around the main urban 
areas of Auckland (51.7%), Wellington (52.8%) and Christchurch (39.4%) are at the 
top of the geographic distribution for childhood vaccinations, but lower for the 
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Table 14.3  National vaccination rates by ethnic group (%). Fully vaccinated (two doses), 
childhood vaccination and booster (third doses)

Ethnicity Second doses, 12+ (%) First doses, children 5–11 (%) Booster, 18+ (%)

Māori 85.33 21.24 66.08
Pacific Peoples 94.13 28.13 54.89
Asian >99.00 54.95 53.20
European / Other 92.93 43.69 77.37
Total 94.26 38.57 70.51

Source: Ministry of Health, New Zealand (2021b)

booster vaccination rate. The South Island DHBs of South Canterbury (76.2%) and 
West Coast (75.0%) are first and second, respectively, in NZ in the booster uptake 
(New Zealand Ministry of Health, 2022).

To some extent, the differences in vaccination rates reflect the group-based vac-
cination programme outlined above as well as the differing ethnic and age structure 
of the population in each DHB. Meaning that those DHBs with the least vaccinated 
areas are often more deprived and contain higher proportions of Māori and Pacific 
Peoples (see Fig. 14.3). These differences can be seen in Fig. 14.3, showing maps of 
the vaccination rates for children 5–11 years and booster uptake by DHB and eth-
nicity. Childhood immunisation rates are always lower in Māori than in European, 
Asian and other ethnicities, with differences ranging from 4.23% (West Coast) to 
34.05% (Counties Manukau). A similar situation exists for Pacific Peoples, with the 
exception of the South Canterbury DHB where childhood immunisation rates are 
higher. Pacific Peoples also have a considerably lower booster uptake than Māori 
and the combined European, Asian and other ethnicities (New Zealand Ministry of 
Health, 2022).

�Wider Impacts: From Pandemic to Syndemic

A concerning development during the pandemic has been the colliding forces of 
social and spatial inequalities and the COVID-19 pandemic to produce an emergent 
syndemic. A syndemic is the simultaneous impact of the social determinants of 
health and an epidemic (Singer, 2009). Syndemic is a term that joins two words: 
‘synergy’ and ‘demic.’ Synergy means two or more agents working together to cre-
ate a larger compound effect than each acting alone and ‘demic’ means essentially 
people (Singer, 2009). The key idea is the interaction of two or more diseases or 
health conditions, especially because of social inequity, acting on a population to 
cause greater harm than otherwise would have been the case from an epidemic, for 
example, the compounding effects of inequality, obesity, overcrowding and 
COVID-19, simultaneously. A disease that began amongst international travellers 
but became a problem for those people and places in the most deprived parts of our 
country is one way of understanding the outworking of a syndemic. A recent com-
mentary (Campbell, 2021) highlighted the importance of the digital divide as just 
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Fig. 14.3  Vaccination coverage by District Health Boards. (Source: MoH as of 3 Feb 2022)
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one component of pandemic response which alienates particular sections of society 
from important information, adding further social inequality to a pandemic. The 
digital divide is especially important when a key aspect of NPIs is the use of smart-
phone applications for contact tracing as well as the use of online services to book 
vaccinations, or to find locations of interest, rendering those excluded more vulner-
able to COVID-19.

In NZ and other developed countries, there are existing health inequalities stem-
ming from prevailing socio-economic, demographic, cultural, historical or geo-
graphical conditions (Wiki et al., 2021a; Hobbs et al., 2021; Bowie et al., 2016). 
These inequalities are often reflected in worsened health outcomes observed in cer-
tain populations and localities (Bowie et al., 2013). The inequities that adversely 
impact the indigenous Māori population (Hobbs et al., 2019), approximately 16.5% 
of the population, as well as the Pacific Peoples, 8.1% of the population, are particu-
larly important in the NZ context. These inequities occur alongside additional 
socio-economic, environmental and geographical factors. This can result in situa-
tions in which vulnerable communities are also hard to reach and/or are underser-
viced due to physical, financial and other barriers. An example of health service 
barriers and accessibility challenges are the utilisation of health services in the cen-
tral North Island of NZ where people living in poor conditions and in highly 
deprived areas are those who experience deteriorated health conditions but also 
underuse health services, a situation that is exacerbated for Māori (Marek 
et al., 2021a).

Even though the overall population density of NZ is low, the majority of the 
population (88.4%) live in urban environments (Statistics New Zealand, 2021). The 
urban environments vary not only in size or type, but also in their function and com-
position of services as well as in access to natural environments. Previous research 
suggests that both the degree of urbanicity (Marek et al., 2020) and combined access 
to health-promoting and health-constraining built and natural environments affect 
health outcomes and physical and mental health (Marek et al., 2021b; Hobbs et al., 
2021). Small towns of NZ also experience greater adverse health outcomes com-
pared with either urban centres or rural areas. The small towns often have limited 
service accessibility and, simultaneously, are subject to unique population dynam-
ics such as declining populations, ageing, missing employment opportunities and 
high proportions of ethnic minority groups (Marek et al., 2020), complicating the 
role of geographical inequalities.

As a pathway out of the pandemic depends on vaccination, we turn to look at 
some examples of patterns of immunisation for NZ. Childhood immunisation cov-
erage shows spatial and spatiotemporal patterns (Marek et  al., 2021c) where the 
most deprived areas have the lowest level of immunisation. Current inequities exist 
in localities with highly vulnerable populations to COVID-19 (Wiki et al., 2021b) 
and low spatial access to vaccination services, which implies that populations with 
the highest need of vaccinations also have very limited access to vaccination ser-
vices (Whitehead et al., 2021).
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A particularly problematic area for NZ even in the period before the pandemic 
was the role of the housing ‘market’ in creating social inequalities. As the COVID-19 
pandemic has evolved alongside social and economic inequalities in NZ, we have 
reached a point where approximately half of households’ assets are housing 
(Reserve Bank of New Zealand, 2021) and often framed as investment assets for 
renters or tourists (Campbell et al., 2019) rather than as homes. What is of particular 
concern is that from an already ‘crisis’ state in terms of housing affordability, prices 
have increased a further quarter to one-third, further exacerbating housing afford-
ability in NZ from already exceptionally high levels by international comparisons 
with over half of all households renting privately financially strained. The wilful 
neglect from policymakers to address this most fundamental need, housing, will 
ensure that the impacts post-pandemic is felt by those ‘locked out’ of housing due 
to decreasing affordability even after ‘lockdowns’ end.

In tandem with increasing housing prices, the government has enacted a plethora 
of policy changes alongside the central bank of NZ, which has attempted to control 
the rapid housing price escalation. In the rental market, the introduction of a rent 
freeze to curtail and ameliorate the financial challenges arising from COVID-19, 
from 26 March to 25 September 2020, when landlords were not allowed to increase 
rents, may have only postponed larger rent price rises (New Zealand Government, 
2020). This is a twofold disadvantage, as it further pushes back those with home 
ownership aspirations by blunting their ability to save whilst paying more in rent, as 
house prices increase. The trends in house and rental prices during the pandemic 
have compounded a growing social crisis for those who find themselves at the mercy 
of social housing provision. Unsurprisingly, the housing waiting list in NZ has also 
grown concurrently with house prices (and rents). This has stretched many individu-
als’ and families’ ability to pay for housing, leading to a growing stress on the 
public housing system. This has all lead to much more widespread social impacts, 
arguably moving from a pandemic to a syndemic.

�Conclusions: Policy Implications and Future Work

The lesson that needs to be learned is that prevention is a key aspect of a public 
health response to COVID-19 and not just in NZ. By allowing social and spatial 
inequalities to grow in the period before, and even during, the pandemic, the pan-
demic has and will continue to impact on those more and less disadvantaged mark-
edly, developing into a syndemic. The inequalities and inequities in rates of cases 
and severity of COVID-19 (Steyn et  al., 2021) and in vaccination rates between 
Māori and non-Māori reflect broader inequities in the health experience of New 
Zealanders highlight that there is much work to be done in building a more equal 
society. One long-standing suggested solution is that Māori health should be man-
aged and delivered by Māori with Green and Berentson-Shaw stating ‘Over the 
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course of the Covid-19 pandemic, we have been repeatedly shown that when Māori 
lead, we get things done, we keep our communities well, and we get our whānau 
vaccinated’ (Green & Berentson-Shaw, 2021). Partially in response to this, in April 
2021 the government announced it would establish a Māori Health Authority as a 
Departmental Agency within the Ministry of Health.

As the pandemic has progressed there have also been calls that encouragement is 
given to increasing the types of environment people spend time in, specifically 
spending more time in outdoor environments where transmission is much lower 
(Wild & Woodward, 2021). This has included implications for transport where 
many countries of the world have seen significant investment in active transport, 
which can be seen as a COVID-19, physical activity and climate change solution 
simultaneously (Jáuregui et  al., 2021). A ‘natural experiment’ of lockdowns can 
lead to fundamental changes in how we live, work and play and how we move 
around our environments, but perhaps only for a short period of time.

We argue that future work should explicitly attempt to quantify and/or model the 
role of the social determinants of health in ameliorating or accelerating the pan-
demic. For example, this could include modelling the social differences in the abil-
ity to restrict movement, in vaccination rates or access to health services relevant to 
the pandemic. A key feature of the pandemic in NZ so far has been the ongoing 
modelling and quantification by various research groups of the likely scenarios and 
forecasts of disease trajectories and dissemination of these models to the public. We 
propose that more detailed modelling of the underlying social and spatial inequali-
ties is needed to better understand the prevention of a myriad of diseases and ill-
nesses and to promote well-being. This would move beyond modelling disease 
(SEIR) to other tools like agent-based models or simulation of social policy 
(Campbell & Ballas, 2016; Campbell, 2011) to understand the potential for preven-
tion in a pandemic environment.

There is also potential for future research into the post-acute sequelae of SARS 
CoV-2 infection (PASC) or ‘long-COVID’ to better understand the long-term 
impacts of this condition which is only beginning to emerge. Long-COVID may 
impact populations for quite some time into the future and may well prove to be 
vindictive of the NZ approach of an elimination strategy for as long as was feasible.

Overall, a key lesson emerging is that the consequences of neglecting social 
inequalities will lead to a more unequal and longer pandemic, or more accurately a 
syndemic. The adage is correct; prevention is better than cure. We would therefore 
urge policymakers to pay careful attention to the inequalities and inequities that 
exist and to consider investment and redistribution to those people and places that 
often fall behind in health and well-being, especially during a pandemic.

Acknowledgement  The GeoHealth Laboratory has had input from a variety of funders, stake-
holders and clinicians. We appreciate and wish to acknowledge their contributions in shaping our 
skills, projects and outputs.

14  Regional Patterns of the Pandemic: A View from Aotearoa New Zealand



178

References

Ahmed, F., Ahmed, N.  E., Pissarides, C., & Stiglitz, J. (2020). Why inequality could spread 
covid-19. The Lancet Public Health, 5, E240.

Baral, S., Chandler, R., Prieto, R. G., Gupta, S., Mishra, S., & Kulldorff, M. (2021). Leveraging 
epidemiological principles to evaluate Sweden’s covid-19 response. Annals of Epidemiology, 
54, 21–26.

Beale, S., Braithwaite, I., Navaratnam, A.  M. D., Hardelid, P., Rodger, A., Aryee, A., Byrne, 
T. E., Fong, E. W. L., Fragaszy, E., Geismar, C., Kovar, J., Nguyen, V., Patel, P., Shrotri, M., 
Aldridge, R., & Hayward, A. (2021). Deprivation and exposure to public activities during the 
covid-19 pandemic in England and Wales. Journal of Epidemiology and Community Health, 
Jech-2021-217076.

Bowie, C., Beere, P., Griffin, E., Campbell, M., & Kingham, S. (2013). Variation in health and 
social equity in the spaces where we live: A review of previous literature from the geohealth 
laboratory. New Zealand Sociology Journal, 28, 164–191.

Bowie, C., Campbell, M., Beere, P., & Kingham, S. (2016). Social and spatial inequalities in rota-
viral enteritis: A case for universally funded vaccination in New Zealand. The New Zealand 
Medical Journal (Online), 129, 59–66.

Campbell, M. (2011). Exploring the social and spatial inequalities of ill-health in Scotland: A 
spatial microsimulation approach.

Campbell, M. (2021). Pandemics and emergent digital inequalities. New Zealand Geographer, 77, 
180–184.

Campbell, M., & Ballas, D. (2016). Simalba: A spatial microsimulation approach to the analysis of 
health inequalities. Frontiers in Public Health, 4, 230.

Campbell, M., Apparicio, P., & Day, P. (2014). Geographic analysis of infant mortality in New 
Zealand, 1995–2008: An ethnicity perspective. Australian and New Zealand Journal of Public 
Health, 38, 221–226.

Campbell, M., Mcnair, H., Mackay, M., & Perkins, H. C. (2019). Disrupting the regional housing 
market: Airbnb in New Zealand. Regional Studies, Regional Science, 6, 139–142.

Campbell, M., Marek, L., Wiki, J., Hobbs, M., Sabel, C. E., Mccarthy, J., & Kingham, S. (2021). 
National movement patterns during the covid-19 pandemic in New Zealand: The unexplored 
role of neighbourhood deprivation. Journal of Epidemiology and Community Health, 75, 
903–905.

Green, J., & Berentson-Shaw, J. (2021). Supporting Māori-led covid-19 vaccination conversations. 
Radio New Zealand.

Hobbs, M., Ahuriri-Driscoll, A., Marek, L., Campbell, M., Tomintz, M., & Kingham, S. (2019). 
Reducing health inequity for Māori people in New Zealand. The Lancet, 394, 1613–1614.

Hobbs, M., Kingham, S., Wiki, J., Marek, L., & Campbell, M. (2021). Unhealthy environments 
are associated with adverse mental health and psychological distress: Cross-sectional evidence 
from nationally representative data in New Zealand. Preventive Medicine, 145, 106416.

Jáuregui, A., Lambert, E. V., Panter, J., Moore, C., & Salvo, D. (2021). Scaling up urban infra-
structure for physical activity in the covid-19 pandemic and beyond. The Lancet, 398, 370–372.

Macintyre, S., Ellaway, A., & Cummins, S. (2002). Place effects on health: How can we conceptu-
alise, operationalise and measure them? Social Science & Medicine, 55, 125–139.

Marek, L., Wiki, J., Campbell, M., Kingham, S., Sabel, C., Tomintz, M., & Hobbs, M. (2020). 
Slipping under the radar: Worsened health outcomes in semi-urban areas of New Zealand. The 
New Zealand Medical Journal, 133, 121–125.

Marek, L., Greenwell, J., Hobbs, M., Mccarthy, J., Wiki, J., Campbell, M., Kingham, S., & 
Tomintz, M. (2021a). Combining large linked social service microdata and geospatial data to 
identify vulnerable populations in New Zealand. Edward Elgar Publishing.

Marek, L., Hobbs, M., Wiki, J., Kingham, S., & Campbell, M. (2021b). The good, the bad, 
and the environment: Developing an area-based measure of access to health-promoting 
and health-constraining environments in New Zealand. International Journal of Health 
Geographics, 20, 16.

M. Campbell et al.



179

Marek, L., Hobbs, M., Wiki, J., Mccarthy, J., Tomintz, M., Campbell, M., & Kingham, S. (2021c). 
Spatial-temporal patterns of childhood immunization in New Zealand (2006–2017): An 
improving pattern but not for all? European Journal of Public Health, 31, 561–566.

New Zealand Government. (2020). Covid-19: Rent increase freeze and more protection for tenants 
[Online]. Available: https://www.beehive.govt.nz/release/covid-19-rent-increase-freeze-and-
more-protection-tenants. Accessed Oct 2021.

New Zealand Government. (2021a). Covid-19 protection framework (traffic lights) [Online]. 
Available: https://covid19.govt.nz/alert-levels-and-updates/covid-19-protection/. Accessed 
Oct 2021.

New Zealand Government. (2021b). History of the covid-19 alert system [Online]. Wellington. 
Available: https://covid19.govt.nz/alert-levels-and-updates/history-of-the-covid-19-alert-
system/. Accessed Oct 2021.

New Zealand Ministry of Health. (2021a). Covid-19: About the delta variant [Online]. Available: 
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/
covid-19-health-advice-public/about-covid-19/covid-19-about-delta-variant. Accessed Oct 2021.

New Zealand Ministry of Health. (2021b). Covid-19: Current cases [Online]. Wellington. 
Available: https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-
coronavirus/covid-19-data-and-statistics/covid-19-current-cases. Accessed Oct 2021.

New Zealand Ministry of Health. (2022). Covid-19: Vaccine data [Online]. Wellington. Available: 
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/
covid-19-data-and-statistics/covid-19-vaccine-data. Accessed 03 Feb 2022.

New Zealand Transport Agency. (2021). Covid-19 transport impact (Fieldwork wave 26 deep dive 
analysis covid-19 impacts by disability).

Palm, M., Allen, J., Liu, B., Zhang, Y., Widener, M., & Farber, S. (2021). Riders who avoided 
public transit during covid-19. Journal of the American Planning Association, 87, 455–469.

Reserve Bank of New Zealand. (2021). Household balance sheet [Online]. Reserve Bank of New 
Zealand. Available: https://www.rbnz.govt.nz/statistics/c22. Accessed Oct 2021.

Ritchie, H., Mathieu, E., Rodés-Guirao, L., Appel, C., Giattino, C., Ortiz-Ospina, E., Hasell, J., 
Macdonald, B., Beltekian, D., & Roser, M. (2020). Coronavirus pandemic (Covid-19). Our 
World in Data.

Rojas-Rueda, D., & Morales-Zamora, E. (2021). Built environment, transport, and covid-19: A 
review. Current Environmental Health Reports, 8, 138–145.

Shaw, C., Keall, M., & Guiney, H. (2017). What modes of transport are associated with higher 
levels of physical activity? Cross-sectional study of New Zealand adults. Journal of Transport 
& Health, 7, 125–133.

Singer, M. (2009). Introduction to syndemics: A critical systems approach to public and commu-
nity health. Wiley.

Statistics New Zealand. (2021). Functional urban areas – Methodology and classification.
Steyn, N., Binny, R. N., Hannah, K., Hendy, S., James, A., Lustig, A., Ridings, K., Plank, M. J., & 

Sporle, A. (2021). Māori and pacific people in New Zealand have higher risk of hospitalisation 
for covid-19. Medrxiv, 2020.12. 25.20248427.

Tartof, S. Y., Slezak, J. M., Fischer, H., Hong, V., Ackerson, B. K., Ranasinghe, O. N., Frankland, 
T. B., Ogun, O. A., Zamparo, J. M., Gray, S., Valluri, S. R., Pan, K., Angulo, F. J., Jodar, L., & 
Mclaughlin, J. M. (2021). Effectiveness of mRNA BNT162b2 covid-19 vaccine up to 6 months 
in a large integrated health system in the USA: A retrospective cohort study. The Lancet, 398, 
1407–1416.

Whitehead, J., Carr, P. A., Scott, N., & Lawrenson, R. (2021). Spatial inequity in distribution of 
covid-19 vaccination services in aotearoa. Medrxiv, 2021.08.26.21262647.

Wiki, J., Kingham, S., & Campbell, M. (2021a). A geospatial analysis of type 2 diabetes mellitus 
and the food environment in urban New Zealand. Social Science & Medicine, 288, 113231.

Wiki, J., Marek, L., Hobbs, M., Kingham, S., & Campbell, M. (2021b). Understanding vulner-
ability to covid-19 in New Zealand: A nationwide cross-sectional study. Journal of the Royal 
Society of New Zealand, 51, S179–S196.

Wild, K., & Woodward, A. (2021). Take it outside to fight covid. Newsroom.

14  Regional Patterns of the Pandemic: A View from Aotearoa New Zealand

https://www.beehive.govt.nz/release/covid-19-rent-increase-freeze-and-more-protection-tenants
https://www.beehive.govt.nz/release/covid-19-rent-increase-freeze-and-more-protection-tenants
https://covid19.govt.nz/alert-levels-and-updates/covid-19-protection/
https://covid19.govt.nz/alert-levels-and-updates/history-of-the-covid-19-alert-system/
https://covid19.govt.nz/alert-levels-and-updates/history-of-the-covid-19-alert-system/
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-health-advice-public/about-covid-19/covid-19-about-delta-variant
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-health-advice-public/about-covid-19/covid-19-about-delta-variant
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-current-cases
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-current-cases
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-vaccine-data
https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-vaccine-data
https://www.rbnz.govt.nz/statistics/c22


181

Chapter 15
Aboriginal and Torres Strait Islander 
Peoples and the COVID-19 Pandemic: 
A Spatial and Place-Based Analysis

Aryati Yashadhana, Miri Raven, Nellie Pollard-Wharton, and Brett Biles

�Introduction

The region of Oceania is home to multiple, diverse Indigenous peoples, cultures and 
languages, which span geographic borders defined by physical landscapes, cultural 
distinction and law, and since invasion and colonisation, nation-states and 
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governments. All these characteristics have spatial and geographical aspects and 
have impacted how Indigenous peoples across the Oceanic region have experienced 
and responded to the COVID-19 pandemic. In this chapter, we draw attention to 
Aboriginal and Torres Strait Islander (herein Aboriginal)1 peoples in Australia, 
through exploring how spatiality has shaped experiences and responses to the 
COVID-19 pandemic. We have chosen to take this approach because that is the 
spatial environment in which the authors exist and in doing so aim to leverage our 
experiences, perspectives and knowledge of localised contexts and stories.

�Aboriginal and Torres Strait Islander Population in Australia

In 2018 the Aboriginal and Torres Strait Islander population in Australia consisted 
of 778,064 people, accounting for 3.1% of Australia’s total population (Table 15.1). 
NSW has the largest population of Aboriginal peoples (239,587) and the Northern 
Territory has the highest proportion (31%) of Aboriginal peoples among its popula-
tion (Australian Bureau of Statistics, 2018). In terms of geography, 37% of 
Aboriginal peoples live in major cities and 19% live in remote or very remote areas 
(Australian Bureau of Statistics, 2018). Table 15.1 outlines Aboriginal and Torres 
Strait Islander population by jurisdiction in Australia in 2018.

�Existing Inequities and COVID-19 Risk Among Aboriginal 
and Torres Strait Islander Australians

In the early stages (March 2020) of the COVID-19 pandemic, the Australian federal 
government closed Australia’s borders to all non-citizens and non-residents, a pro-
tectionist approach reflective of pandemic responses historically. As COVID-19 
spread across the globe placing pressure on health systems, governments and econ-
omies, the heightened risk and potential severity of impact among Aboriginal peo-
ples was highlighted (Yashadhana et al., 2020). Central to this heightened risk is a 
continuous deficit-based narrative of comparative (to non-Aboriginal Australians) 
and preventable health, socioeconomic and cultural inequities that are rooted in a 
violent history of ongoing colonisation, dispossession, racism and forced 
assimilation.

1 We use the term ‘Aboriginal’ to refer to the Indigenous peoples of ‘mainland’ Australia, ‘Torres 
Strait Islander’ to refer to the Indigenous peoples from the islands across the Torres Strait and 
‘Indigenous peoples’ to describe First Peoples and Original Peoples from elsewhere across the 
globe. We understand that the use of this term is not without critique (see Smith, 1999). Tuhiwai-
Smith, 2001. Decolonizing Methodologies: Research and Indigenous Peoples. London, Zed 
books). Our intention is to use this term within the spirit of collective struggle for health and cul-
tural rights.
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Table 15.1  Estimated Aboriginal and Torres Strait Islander population by location in 
Australia, 2018

Jurisdiction

Number of Aboriginal 
and Torres Strait 
Islander people

Proportion of total 
Aboriginal and Torres Strait 
Islander population (%)

Proportion of 
jurisdiction 
population (%)

New South 
Wales

239,587 31 3.0

Queensland 223,883 29 4.5
Western 
Australia

101,753 13 3.9

Northern 
Territory

76,845 9.9 31

Victoria 56,528 7.3 0.9
South Australia 43,317 5.6 2.5
Tasmania 28,328 3.6 5.4
Australian 
Capital Territory

7525 1.0 1.8

Australia 778,064 100 3.1

Source: Australian Bureau of Statistics (Australian Bureau of Statistics, 2018)

From a physical health perspective, inequitable rates of chronic conditions 
known to impact COVID-19 severity and fatality, including respiratory disease, 
diabetes, cardiovascular conditions, cancer or multimorbidity (more than one con-
dition) between Aboriginal and non-Aboriginal Australians, increase risks and 
susceptibility (Yashadhana et al., 2020). From a sociocultural perspective, food 
security (Follent et al., 2021), interconnected households (Hui et al., 2021), inad-
equate housing conditions that accommodate for larger family groups, cultural 
and linguistic marginalisation from health information and the role of racism in 
the enforcement of public health restrictions were all highlighted as factors that 
may contribute to further health and social inequities in the face of COVID-19 
(Yashadhana et al., 2020). From a spatial perspective, Aboriginal peoples living 
rurally experience increased COVID-19-related inequities, including higher 
chronic disease rates, incidences of inadequate housing (Yashadhana et al., 2020), 
higher food prices (Follent et al., 2021) and under-resourced health services that 
lack the labour power and infrastructure to deal with pandemic caseloads (Fitts 
et al., 2020). High mobility across geographic areas serve as an important mecha-
nism of well-being through familial connection and attendance to cultural events 
or ceremonies, yet in the context of COVID-19 were used to justify issues of 
disjointed health care (Prout, 2018) and over-policing (Donohue & 
McDowall, 2021).

Previous pandemics such as the H1N1 outbreak in 2009, disproportionately 
impacted Aboriginal peoples who constituted 16% of hospitalised cases and 
12% of deaths (Yashadhana et al., 2020). This was in part due to limited input 
from Aboriginal Community Controlled Health Organisations (ACCHOs) which 
hampered ‘on the ground’ responses and adequate surveillance (Griffiths 
et al., 2021).
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Spatial aspects of Australia’s ‘island’ geography, border closures, strict quaran-
tine measures and effective contact tracing (due to low case numbers) meant that the 
initial waves of the COVID-19 pandemic were controlled among the general popu-
lation. Not a single Aboriginal death was reported in the first year of the pandemic 
(Dudgeon et al., 2021). Rapid responses from ACCHOs, including lobbying gov-
ernment to restrict access to remote Aboriginal communities, increase access to 
personal protective equipment, testing and contact tracing (Crooks et al., 2020), and 
developing accessible COVID-19 health information (Finlay & Wenitong, 2020) 
reiterated the effectiveness and importance of Aboriginal leadership (Eades et al., 
2020). Calls were also made for sustainable needs-based funding to support 
strengths-based and place-based approaches to tackle the encroaching mental health 
and well-being impact of the pandemic – labelled the second pandemic – a reality 
of pre-pandemic inequities reflected in mental health outcomes among Aboriginal 
peoples (Dudgeon et al., 2021).

�Aboriginal and Torres Strait Islander COVID-19 Advisory 
Group and Pandemic Management

The Aboriginal and Torres Strait Islander COVID-19 Advisory Group was co-
chaired by the NACCHO and Commonwealth Department of Health. This advisory 
group developed the Australian Health Sector Response Plan for Novel Coronavirus 
(COVID-19) Management and the Operational Plan for Aboriginal peoples 
(Department of Health, 2020). This plan included clinical guidelines and initiatives 
for remote communities to utilise in preparation for COVID-19 being active within 
communities (Moodie et al., 2020). As part of this management plan, spatial aspects 
were also considered. This is due to the different mobility patterns for Aboriginal 
peoples, for example, some communities have a high flow of visitors placing extra 
pressure on existing primary health care infrastructure (through ACCHOs), impact-
ing workforce availability, regular provision of care and social determinants such as 
housing and food security (Yashadhana et al., 2020).

�Aboriginal Community Controlled Health Organisations 
(ACCHOs) Responses to COVID-19

The goals of ACCHOs are to deliver holistic and culturally appropriate health ser-
vices through enabling whole-of-community self-determination and individual 
spiritual, cultural, physical, social and emotional well-being, so that Aboriginal 
peoples can enjoy a good quality of life (National Aboriginal Community Controlled 
Health Organisation, 2021). ACCHOs, compared with mainstream health services, 
focus on tailored accessibility, culturally safe care (community-based Aboriginal 
staff, culturally responsive service delivery) and holistic approaches to health and 
well-being (Gomersall et al., 2017).
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Table 15.2  Peak body organisations in the Aboriginal Community Controlled Health Sector

State/territory Peak body organisation COVID-19 resource

New South Wales Aboriginal Health and Medical 
Research Council (AHMRC)

https://www.ahmrc.org.au/coronavirus/

Queensland Queensland Aboriginal and Islander 
Health Council (QAIHC)

https://www.qaihc.com.au/resources/
covid-19-coronavirus-resources

Western Australia Aboriginal Health Council of 
Western Australia (AHCWA)

https://www.ahcwa.org.au/
coronavirus-updates

Northern 
Territory

Aboriginal Medical Services 
Alliance Northern Territory 
(AMSANT)

http://www.amsant.org.au/covid-19/

Victoria Victorian Aboriginal Community 
Controlled Organisation 
(VACCHO)

https://www.vaccho.org.au/about-us/
coronavirus-information/

South Australia Aboriginal Health Council of South 
Australia (AHCSA)

https://ahcsa.org.au/
coronavirus-covid-19/

Tasmania Tasmanian Aboriginal Centre Inc. http://tacinc.com.au/
stay-safe-at-home-with-palawa-kani/

Australian 
Capital Territory

Winnunga Nimmityjah Aboriginal 
Health Service

https://www.winnunga.org.au/
covid-19-coronavirus-precautions-for-
winnunga-clients/

Australia 
(National)

National Aboriginal Community 
Controlled Health Organisation 
(NACCHO)

https://www.naccho.org.au/
aboriginal-health-alerts-coronavirus-
covid-19

Broadly, ACCHO support has included provision of vaccinations, health advice 
and being advocates for their clients and communities about the impact of COVID-19 
and COVID-19 responses in their communities (see Table  15.2 for state-based 
examples). This support has extended to raising concerns through state, territory 
and national media. Land Councils have assisted communities with controlling 
access permits to non-essential travel to remote communities and translating and 
developing health messages into local languages (Moodie et al., 2020). ACCHOs 
alongside local mayors have raised concerns around lack of support, overcrowded 
housing, inappropriateness of urban mainstream COVID-19 measures for remote 
communities and influence of social media of reduced vaccination rates (Burt, 2022; 
Cluff, 2022; Dick et al., 2022).

�National Level

The National Aboriginal Community Controlled Health Organisation (NACCHO) 
is a living embodiment of the aspirations of Aboriginal communities and their strug-
gle for self-determination. NACCHO is the national peak body representing 144 
ACCHOs across the country on Aboriginal health and well-being issues. These 
ACCHOS are controlled by locally elected Aboriginal and Torres Strait Islander 
boards of management and governance. There are approximately 300 NACCHO 
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member clinics that are providing holistic primary health to Aboriginal peoples. 
ACCHOs employ approximately 6000 staff and 3500 of these staff are Aboriginal 
peoples (National Aboriginal Community Controlled Health Organisation, 2021). 
Nationally, NACCHO, state, territory and regional peak organisations and member 
organisations participated in a national Aboriginal and Torres Strait Islander 
COVID-19 Advisory Group which reported directly to the Chief Medical Officer 
and the Australian Health Protection Principal Committee, the advice of which was 
given to the National Cabinet influencing COVID-19 policy at the federal level 
(Moodie et al., 2020).

�State and Territory Levels

At the state and territory levels, there are Aboriginal and Torres Strait Islander health 
peak bodies which provide support for ACCHOs within their states and territories. 
Each peak health body has provided localised responses and resources to the 
COVID-19 pandemic for their member organisations to access and disseminate to 
each of their local ACCHOs (Table 15.2).

Aboriginal and Torres Strait Islander health professional bodies have also devel-
oped culturally safe resources for their health professionals to utilise and dissemi-
nate information (Table 15.3).

In the early stages of the pandemic, there was remarkable success in preventing 
COVID-19 infections in Aboriginal communities in Australia. Anecdotally, the suc-
cess was largely due to ACCHOs quickly and effectively mobilising to quarantine 
communities and to use appropriate and targeted communications (see resources in 
Tables 15.2 and 15.3), including a ‘care mode’ which incorporated a delivery of 
food and essential items to households (Archibald-Binge & Geraghty, 2020).

�COVID-19 Outbreaks and Aboriginal and Torres Strait 
Islander Peoples

In June 2021, the emergence of the COVID-19 Delta strain and a slow and politi-
cally mismanaged vaccine rollout at the federal level (De Leeuw et al., 2022) led to 
an outbreak across multiple Australian states and territories and for the first time in 
remote Aboriginal communities. Despite pandemic planning and the Australian 
government recommending that Aboriginal Australians were a prioritised target 
group for the vaccine rollout program (Carroll et al., 2021), little was done to ensure 
this occurred, including limited collaboration directly with Aboriginal peoples and 
communities.

At the time of writing, national data reporting the total numbers of COVID-19 
cases and deaths among Aboriginal Australians were not available. For this reason, 
we turned to media articles which reported a total of 5500 COVID-19 infections 
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Table 15.3  Aboriginal and Torres Strait Islander health professional bodies

Aboriginal and Torres Strait Islander health professional 
bodies COVID-19 resource

Indigenous Allied Health Australia https://iaha.com.au/
coronavirus-covid-19-staying-
connected-stronger-together/

Congress of Aboriginal and Torres Strait Islander Nurses 
and Midwives

https://www.catsinam.org.au/
communications/covid19

National Aboriginal and Torres Strait Islander Health 
Worker Association

https://natsihwa.org.au/covid-19-
resources-updates-brochures/
resources

Gayaa Dhuwi (Proud Spirit) Australia: National Aboriginal 
and Torres Strait Islander Health Leadership in Social and 
Emotional Wellbeing, Mental Health, and Suicide 
Prevention

https://www.gayaadhuwi.org.au/
coronavirus

among Aboriginal peoples since the beginning of the Delta outbreak, with 550 hos-
pitalised, 60 in intensive care, and 12 who have died (Thorpe, 2021). This counts for 
around 4% of all COVID-19 cases in Australia (130,000). Remote Aboriginal com-
munities such as Wilcannia and Enngonia in the state of NSW reported between 
15% and 30% of their whole population having contracted COVID-19, raising 
infections rates to double that of non-Aboriginal Australians (The Guardian, 2021).

In remote communities, despite repeated calls for accommodation support, resi-
dents were left to isolate in tents (The Guardian, 2021) and over-policing (excessive 
police presence and use of force) (Boon-Kuo et al., 2021) led to exorbitant public 
health fines despite justifiable reasons including sharing transport to acquire grocer-
ies (Kerin, 2021). COVID-19 has impacted remote communities with specific chal-
lenges around crowed households making quarantine difficult and those in isolation 
having to rely on food drops (Daly, 2022). For example, there are reports of up to as 
many as 20 people from three family groups in one house (Burt, 2022). Overcrowding 
is reported to have increased the spread of COVID-19  in communities such as 
Wilcannia and Enngonia in NSW and Yarrabah in far north Queensland (Burt, 
2022). The availability of housing for quarantining existed for some locations, but 
this was sometimes government or public servant housing and it was reported that 
some departments were reluctant to release the housing in case they lose the accom-
modation (Burt, 2022).

�Place-Based Examples of Localised Responses 
to the COVID-19 Pandemic

Early in the pandemic (February 2020), ACCHOs and Aboriginal communities 
mobilised rapidly to reduce the risk of local COVID-19 outbreaks; this was a key 
reason for the early success in keeping Aboriginal people safe from COVID-19 
(Eades et  al., 2020). Once vaccinations became available, low vaccination rates 

15  Aboriginal and Torres Strait Islander Peoples and the COVID-19 Pandemic…

https://iaha.com.au/coronavirus-covid-19-staying-connected-stronger-together/
https://iaha.com.au/coronavirus-covid-19-staying-connected-stronger-together/
https://iaha.com.au/coronavirus-covid-19-staying-connected-stronger-together/
https://www.catsinam.org.au/communications/covid19
https://www.catsinam.org.au/communications/covid19
https://natsihwa.org.au/covid-19-resources-updates-brochures/resources
https://natsihwa.org.au/covid-19-resources-updates-brochures/resources
https://natsihwa.org.au/covid-19-resources-updates-brochures/resources
https://www.gayaadhuwi.org.au/coronavirus
https://www.gayaadhuwi.org.au/coronavirus


188

among Aboriginal peoples at the onset of the Delta outbreak were a major concern, 
as the inevitable easing of public health orders restricting movements and enforcing 
quarantine had the potential to translate into high rates of infection for unvaccinated 
groups (Power et  al., 2020). Aboriginal organisations (NACCHO, Aboriginal 
Medical Services of the Northern Territory and the Central Australian Congress) 
called on state and territory government to delay the easing of restrictions until full 
vaccination rates of Aboriginal peoples aged 12 years and older reach 90–95% 
(Komesaroff et al., 2021). Throughout this time, state- and territory-based ACCHOs 
were creating vaccination campaigns and vaccination services to increase vaccina-
tion rates for local communities. Outcomes varied in different places. Below, we 
exemplify using localised case studies.

�First Nations COVID-19 Response (NSW)

First Nations COVID-19 Response (FNR) is a small grassroots initiative run by 
Aboriginal community members (including NPW) and volunteers in Sydney 
NSW. FNR was initially established on social media in March 2020 to create an 
online space for mutual support, connection and care amongst Aboriginal peoples in 
the inner suburbs of Sydney. Running solely on donations and voluntary labour, 
FNR filled the gaps in place of limited government supporting Aboriginal commu-
nity members with immediate crisis relief, including supply of groceries, gift cards, 
meals and Elder visits. The founders did not initially accept financial contributions 
due to administrative burdens, yet as demand increased financial donations were 
necessary to meet increasing demands and provide additional support to elders, 
individuals and families, particularly in home or hotel isolation or quarantine. 
Regarding partnerships with organisations such as ‘Plate it Forward’ and Aboriginal 
businesses (Tin Humpy Café), a physical space was provided for weekly commu-
nity collection of meals, groceries and art packs. FNR advocates for food as a fun-
damental right and not a privilege and continues to provide families and communities 
with food relief.

�VACCHO Vaccine Vans (Victoria)

In October 2021 VACCHO (see Table 15.2) launched two dedicated vaccine vans 
making the COVID-19 vaccine available to Aboriginal and Torres Strait Islander 
community members who have had difficulties accessing the vaccine. Over the span 
of nine weeks, the vaccination vans administered hundreds of vaccinations to mem-
bers of the Aboriginal and Torres Strait Islander communities in different regional 
areas of Victoria, Australia. Figure  15.1 illustrates the places and distances the 
VACCHO vaccination vans travelled to. At the time of writing, the vaccination van 
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Fig. 15.1  VACCHO vaccination van sites (distances from Melbourne)

will be returning to these areas to administer first, second and third/booster doses as 
well as vaccines for children 5–11 years of age.

�Northern Territory Response to COVID-19

Northern Territory (NT) has the highest proportion of Aboriginal peoples with 
approximately 30% identifying. As reported in late January 2022, nine out of ten 
patients with COVID-19 in NT hospitals are Aboriginal people (ABC News, 2022). 
The NT reopened its borders in January 2022 and Aboriginal Medical Services 
Alliance chief executive John Paterson has stated ‘We predicted this, predicted that 
the virus would spread like wildfire through our remote communities and this is 
exactly what we’re seeing now’ (ABC News, 2022).
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Outbreaks increased with the Omicron variant, and problems were reported 
around accessing COVID-19 testing (Allam, 2022; Daly, 2022). For example, a 
group of people sent home from quarantine to a remote NT community, who later 
tested positive, raised particular concern. A locally established COVID-19 response 
group and community organisations and leaders expressed concern that the ‘living 
with COVID’ strategy developed for the ‘urban mainstream environment’ did not 
work for people in remote communities (Allam, 2022). A strong military presence 
was used, including evacuation to external facilities, with calls for ‘defence force-
style isolation facilities’ or a tent system to be established in overcrowded commu-
nities (Dick et  al., 2022). One community in Central Australia was sent into a 
seven-day lockdown after recording 22 coronavirus cases which coincided with 
possible flood warnings for key roads and threatened to block access to food and 
medicine during the lockdown (Dick et al., 2022). In light of environmental factors 
influencing food security during lockdowns, there were calls for the NT government 
to enact a ‘standby plan’ to enable food and medicine relief to communities isolated 
by flood waters (Dick et al., 2022).

The ongoing COVID-19 outbreak has seen an ‘open letter’ written to the Chief 
Minister of the Northern Territory from the Central Australian Aboriginal Congress 
(CAAC), AMSANT, the Central Land Council and the CEO of Lhere Artepe 
Aboriginal Corporation (CAAC, 2022) – calling for an immediate lockdown across 
Central Australia NT to stop movement of people and flatten the curve of new infec-
tions and hospitalisations. Prompt action was called for and recognition of corona-
virus’ indiscriminate nature, yet imminent inequitable outcomes where the 
vulnerable and the unvaccinated will be most impacted.

�Vaccination Access and Uptake

In June 2020 at the onset of the Delta outbreak, only 5% of Aboriginal people in 
NSW (state with the largest Aboriginal population) were vaccinated (NSW Health, 
2022). Initial low rates could be attributed to rapidly changing and confusing 
advice from the Australian government regarding eligibility (Doran, 2021), pro-
curement and availability through ACCHOs (Naren et al., 2021) and the invest-
ment in culturally appropriate community-led immunisation services that establish 
vaccination as the social norm (McCalman et al., 2021). Low vaccination rates in 
some remote communities, regions and jurisdictions raise concerns about the 
impact of the Delta and Omicron variants on Aboriginal peoples. Western 
Australia, for instance, is reported to have the lowest Aboriginal vaccination rate 
in Australia with the lowest rates reported for the Pilbara and Kimberley regions 
(de Kruiff, 2022). While the federal government was responsible for vaccine roll-
out, the WA government and Rio Tinto became involved to lift vaccination rates 
for Indigenous people in the state (de Kruiff, 2022). The Royal Flying Doctors 
Service also conducted family days and outreach clinics with ACCHOs in WA 
with the aim to increase vaccination rates, in addition to mobile vaccination teams 
providing door to door services and voucher incentives (de Kruiff, 2022).
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There are concerns about low vaccination rates of Aboriginal peoples experienc-
ing homelessness, particularly in WA (where they have maintained a closed border 
policy), who have high mobility and social interactions and are likely to have pre-
existing health conditions deeming them susceptible to spreading the virus or suc-
cumbing to it (Torre, 2022). Anecdotal evidence suggests that the low uptake of 
vaccines and anti-vaccination stances were the result of misinformation on social 
media (Cluff, 2022), fear and complacency, yet increasing outbreaks are prompting 
reconsideration in some communities (Archibald-Binge, 2021).

�Funding for the Pandemic

In 2020, additional funding provided for the pandemic in Australia was estimated to 
equate to $20 for each Aboriginal and/or Torres Strait Islander person; this was 
compared to the Canadian response which equated to $270 per Indigenous person 
(Department of Health, 2020). In early 2022, the federal government also indicated 
that it has granted funding to protect remote communities related to essential social 
services ($23 million), community night patrol ($10 million), school nutrition proj-
ects (SNP) ($5 million), and four Northern Territory Land Councils ($10 million) 
(Australian Government, 2022). Aside from the Land Council funding, which are 
Aboriginal and Torres Strait Islander organisations, it is not clear what proportion of 
funds in the other categories are specifically earmarked for initiatives targeting 
Aboriginal peoples in remote communities.

�Conclusion

This chapter has explored the structural and spatial contexts of the COVID-19 pan-
demic as related to Aboriginal peoples across Australia. In doing so we have high-
lighted localised responses to the COVID-19 pandemic, much of which were 
championed by ACCHOs and other community-led organisations. While Aboriginal 
peoples (alongside non-Aboriginal Australians) were protected from COVID-19 
during the early waves of the pandemic, complacency on behalf of the federal gov-
ernment, which led to slow vaccine procurement and disorganised management of 
vaccination prioritisation, left Aboriginal and Torres Strait Islander communities 
open to Delta and Omicron strain outbreaks. Regardless, culturally tailored and 
swift responses from Aboriginal and Torres Strait Islander leaders, peak bodies, 
health services and grassroots organisations have filled the gaps, from vaccination 
uptake to food and medical supply relief, saving lives and supporting community. 
As the COVID-19 situation evolves, a focus on spatial, cultural and health equity 
must be upheld, to ensure Aboriginal peoples are supported.
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Chapter 16
Impacts of COVID-19 Pandemic 
Lockdown on the Livelihoods of Male 
Commercial Boda-Boda Motorists 
in Uganda

Harriet Kebirungi and Hadijah Mwenyango

Personal Story
The start of the COVID-19 pandemic found me with young twin babies and 
observing standard operating procedures (SOPs) seemed next to impossible. 
As a single mother, I had to go out of the house twice a week to buy food stuff 
for my babies. I developed an attitude of “what come may be.” I resisted home 
confinement; walked a ten-kilometer deserted road to the market to buy food 
for my children. Only ambulances and security vehicles were allowed on the 
road. All roads were manned by armed security agencies and punctuated with 
roadblocks. The reasons for deployment were to keep law and order, imple-
mentation of SOPs and security of persons and property.

Boda-Boda motorists only transported cargo with definite destinations; 
those unauthorized were being shot at by security agencies leaving them dead 
and others injured. The horror of seeing Boda-Boda motorists tortured, their 
motorcycles confiscated by armed men, and other horrific scenes broadcasted 
on radio and television countrywide immensely haunted me. Due to social 
distance measures, it was difficult for me to intervene. Although I had the 
desire to help out, I was also struggling for my family. Boda-Boda motorists 
earned income through passengers and goods transportation, but due to the 
COVID-19 lockdown, Boda-Boda motorists lost clients. The horror of seeing 
Boda-Boda motorists suffering left me with an unanswered question on how 
the COVID-19 lockdown affected the livelihoods of male commercial Boda-
Boda motorists in Uganda. It was this question that motivated me to conduct 
this study. Kebirungi Harriet
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�Introduction

This chapter examines the impacts of the COVID-19 lockdown on the livelihoods of 
Boda-Boda motorists in Kira Town Council, Wakiso District, Uganda. In Uganda, 
Boda-Bodas are motorcycle-based services and forms an enormous part of the pub-
lic transportation network that facilitates the movement of passengers or goods from 
one place to another. Boda-Bodas are operated by Boda-Boda motorists and are 
used in the absence of efficient public transport (buses, minibus taxis and special 
hire taxis, etc.) especially where access is physically restricted and cannot be met by 
conventional public transport. After agriculture, Boda-Boda transport services is the 
second largest employer of youth in Uganda. It is considered one of the easiest busi-
ness options for those who fail to get formal employment even after education. The 
Boda-Boda transport industry in Uganda is quite large. Over one million people 
countrywide are involved in the industry with the Kampala metropolitan area hav-
ing over 300,000 people supported by the industry (Namara, 2019).

In response to strengthen security and tax base collection and decongest traffic in 
Kampala city center, Boda-Boda transport is regulated in the country through Boda-
Boda stage registration (Kampala City Council Authority, 2020). A Boda-Boda 
stage is a gazetted and referenced pickup location. For example, for individual 
Boda-Boda motorists or companies/associations involved in Boda-Boda business, 
their motorcycles are expected to be registered by Kampala City Council Authority 
(KCCA) and operated at gazetted Boda-Boda stages of their choice. Those Boda-
Bodas who do not operate within KCC or do not belong to companies/associations 
register at the community Boda-Boda stage of their choice through their stage lead-
ership. Majority of Boda-Boda motorists are self-employed and earn on a day-to-
day basis. This may be difficult for them to save money out of their daily earnings. 
Consequently, in times of social and economic shocks like pandemics including 
COVID-19, majority of them may have no fallback position.

In Uganda, the Boda-Boda industry was affected by the spread of COVID-19 
pandemic and its associated infection and death rates. The only solution to save the 
population was for governments to declare lockdowns in their respective countries. 
Lockdowns in almost all countries were characterized by standard operating proce-
dures like limited mobility, home confinements, social distancing, wearing face 
mask, shutting down all educational institutions and air transport, and introduction 
of curfews. Only essential workers such as healthcare personnel, a few government 
workers, and security organs remained in operation to contain the spread of 
COVID-19 pandemic.

Studies on the impact of health epidemics, pandemics, and other calamities like 
the case of Ebola outbreak in West Africa and other natural disasters have been 
associated with households becoming food insecure, low education access and 
attainment, domestic violence, and other deleterious effects. Similarly, the 
COVID-19 pandemic lockdown and associated effects in households and communi-
ties were reported. Some of the immediate aftermaths of the lockdown in many 
countries were spikes in gender-based violence, teenage pregnancies, hunger and 
starvation, student loss of learning, poor access to healthcare services, and loss of 
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income among others (Evens & Over, 2020; Thompson et  al. 2021). Long-term 
impacts included crippled economies with limited recovery rates, especially in the 
global south (Pilling, 2020), leaving some primary household breadwinners dead, 
while others lost employment due to the COVID-19 pandemic. These increased 
vulnerabilities for children of such families did not return to complete their educa-
tion cycles leading to long-term earning trajectories for them and their families with 
overall human capital gaps (Evans & Over, 2020). Few studies have been conducted 
on the impacts of the COVID-19 pandemic on global, low, and middle economies 
(Evens & Over, 2020). However, many of these studies looked at the impact of the 
disease on the population in general, for example, on the health or the economy. 
None of the studies focused on a specific category of people and the impact the 
COVID-19 lockdown had on their livelihoods.

Boda-Boda motorists transport passengers and goods with a high physical inter-
face between the motorists and their clients due to close proximity. This client-
passenger interaction is believed to create a conducive environment for spreading 
COVID-19 pandemic in the transport sector. This industry is one of the various 
income-generating activities affected by COVID-19 lockdown. For example, 
whereas Boda-Boda motorists’ businesses in east African countries (Tanzania, 
Rwanda, and Kenya) have access to social security services during the lockdown, 
there are no similar arrangements in Uganda. The absence of formal social security 
leaves people engaged in the informal sector, especially the Boda-Boda motorists, 
highly vulnerable.

To understand the impacts of the COVID-19 lockdown on the livelihoods of 
Boda-Boda motorists in Kira Town Council, Wakiso District, Uganda. The Kira 
Town Council is a bedroom community of Kampala capital city where Boda-Boda 
motorists provide transport services to people working and residing in Kira and 
those working in the capital city. Boda-Boda motorists indicated that they charge 
approximately 1000 Uganda shillings (equivalent to USD 0.3) for a distance cover-
ing 1 km. All Boda-Boda motorists reported that they earned a net income of less 
than 5000 UGX equivalent to $ 1.3.

This study had two objectives: (1) to characterize social services within the 
working environment of Boda-Boda motorists and (2) to explore the perceived 
impacts of COVID-19 lockdown on the livelihood of Boda-Boda motorists and their 
families. This chapter provides a brief background on Boda-Boda industry in 
Uganda and describes the impacts of COVID-19 lockdown. Mixed methods were 
employed to assess both qualitative and quantitative data and determine the results. 
The chapter concludes with a discussion and recommendation section.

�Methodology

We utilized qualitative and quantitative methods of data collection. Four Boda-Boda 
stages labelled 1–4 were studied for 7 days. Quantitative data including distance to 
the market, health centers, police stations, and schools were generated using ArcGIS 

16  Impacts of COVID-19 Pandemic Lockdown on the Livelihoods of Male…



198

Fig. 16.1  Distribution of Boda-Boda stages and social services

10.4. These features (markets, hospital, police stations, schools, Boda-Boda stages) 
were georeferenced using a handheld Global Positioning System (GPS). Euclidian 
distance layers were generated using interpolation methods in spatial analyst tools 
of ArcGIS 10.4. Average distances were extracted using the extract by point func-
tion in the spatial analyst tool. Figure 16.1 shows the study area, distribution of 
Boda-Boda stages, and social services. The relationship of Boda-Boda motorists 
and the population they serve was not established due to lack of census data.

Secondary data were obtained by downloading socioeconomic services from 
both OpenStreetMap and ArcGIS online. Field data were processed and converted to 
a format usable within ArcGIS software. Secondary data were overlaid with the data 
collected from the field. Proximity analyses were carried out using the near tool and 
buffer analysis tool to determine how far the different social services were from the 
different Boda-Boda stages. The outputs from the proximity analysis were near table 
results and buffer distance results. The overall outputs were generally maps showing 
the locations of different services against the Boda-Boda stage locations and buffer 
maps showing distances within which the different services were accessible.
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The study also collected data from four focus group discussions (each focus 
group had 8–12 participants) and four key informants. Key informant interviews 
were conducted to support the triangulation of the information obtained from the 
focus groups. Key informants included heads and deputies of the Boda-Boda stages. 
These were purposively selected because of their long-term experience in Boda-
Boda transport, and they provided rich narratives on the effects of the COVID-19 
pandemic. The choice of participants was based on accessibility, availability, and 
willingness to participate in the study and proximity to the researcher due to 
COVID-19 movement restrictions. We used qualitative content analysis to analyze 
data. All descriptive data were captured verbatim. We reviewed field notes and gen-
erated emerging themes, categorized data into themes, and analyzed data to inter-
pret outcomes and reported the findings.

�Results

The population characteristics of Boda-Boda motorists in our study were as fol-
lows: should be between 25 and 34 years of age, be married, and be with 2–4 years 
of experience in the Boda-Boda transport industry. Most of them had obtained pri-
mary school as their highest level of education. In addition, most of them bought 
Boda-Boda motorcycles on loan and were engaged in Boda-Boda as their sole 
source of income (Fig. 16.2).

Fig. 16.2  Characteristics of study participants
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Fig. 16.3  Average distance in kilometers from the Boda-Boda stages to social services: markets, 
police stations, schools, and health centers

Boda-Boda stages refers to gazetted pickup locations for Boda-Boda transport. 
Figure 16.3 shows the Euclidian distance of Boda-Boda stages, police station, mar-
kets schools, and health centers. Distance to the market ranges from 0–2.200 km to 
8.922–11.826 km. It increases gradually from the Kira stage to the north and south 
of the Kira Town Council. The distance to police stations ranged from 0–2.291 km 
to 2.291–4.255 km. The Kira stage and Kireka Trading Center have the shortest 
distance to the police stations. This distance increases northwards and southwards 
gradually. Contrary to the markets and police stations, the distance to schools is 
generally shorter. Areas with relatively longer distances to the schools increase in 
the southern portions of the city. Areas with shorter distance to health centers are 
generally found in the center of the Kira Town Council. Due to the limited health 
services, the distance to health centers increases towards the south of the city coun-
cil buildings.

The Kira Boda-Boda stage is closer to all administrative and social services 
(market centers, police station, Namboole Stadium and Namugongo Martyrs 
Shrines, health centers, and schools) (Fig. 16.4). Distance to social services follow 
similar patterns to all Boda-Boda routes. Generally, distance to social services 
increased in the following order: Kira; Shimon; Semugonde and Kitikutwe stages 
for schools, health services, police stations, and market centers; Namboole Stadium; 
and Namugongo Martyrs Shrines. The shortest distance to the market centers was 
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Fig. 16.4  Average distance between Boda-Boda stages and social services

approximately 1.8 km and the longest was at 6.1 km. The distance to police stations 
varied from 2.6 km to 7.4 km. For Namboole stadium, it varied from 3.9 km to 
8 km. For health centers it ranged from 3.7 km to 7.1 km, and for schools it ranged 
from 4.8 km to 6.3 km. All distance to social services in the study area could not be 
related to the population due to lack of census data.

�Perceived COVID-19 Pandemic Effects on the Livelihood 
of Boda-Boda Motorists

�Perceived COVID-19 Pandemic on Food Security

Boda-Boda motorists who were participants in the focus groups reported that 
COVID-19 pandemic restrictions on mobility and confinement at home resulted in 
shortage of food at home. Food and other household necessities ran out and restock-
ing became hard, the cost of food became increasingly high, and many families 
could only obtain cheaper food items sold on roadsides. In one of the focus groups, 
one participant stated:

There is a high rise in prices for both perishable and non-perishable food commodities. At 
the same time, there is limited cash income. This situation has created food insecurity in 
households. The fact that we (Boda-Boda motorists) earn little income (hand to mouth), we 
find it difficult to provide enough food to our families because the Boda-Boda transport 
business has been locked down. In addition, our wives are not engaged in income genera-
tion activities to supplement household income and this exacerbated food insecurity in our 
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households. Our families are surviving on one meal a day (maize meal and beans) and 
because the beans take longer to cook with much-needed fuel to cook them, some families 
just survive on porridge. We replaced beans with mukene (silverfish) because of its nutri-
tional values and mukene gets ready in a short time and uses less fuel compared to beans. 
Unfortunately, our spouses complained that mukene was not palatable with maize and that 
mukene is food eaten by the poor communities and animals like chickens and pigs. With 
this COVID-19 pandemic, we are hit hard, because our role and identity as men; heads of 
families the provider and protector have been collapsed. Our manhood identity has been 
insulted and crushed to the marrow due to our inability to provide food to our families. 
Focus group, Kitukutwe Boda-Boda stage

Demonstrating the difficulty to access markets, a geographic perspective illus-
trates that only the Boda-Boda stage at Kira Trading Center had a nearby market. 
The absence of nearby markets could have been responsible for an increase in food 
prices and food insecurity.

Many Boda-Boda motorists reported that when food insecurity in their homes 
became dire, they resorted to selling off some of the household items:

To solve the issue of food insecurity, we have sold off our household assets like televisions, 
beds, mattresses, music systems but the sales were not sustainable as we could not buy 
adequate food for our families to last a long time. We are disappointed, we have grown see-
ing our grandfathers and fathers provide food to their families, we have lost the provision-
ing role in a short time due to economic and social changes resulting from the COVID-19 
pandemic lockdown. Focus group, Shimon Boda-Boda stage

All focus group participants reported that:

Although the Government of Uganda has been providing food to the neediest communities, 
it never considered us the Boda-Boda motorists as a vulnerable group for eligibility to food 
supplies (milled maize flour, beans, and milk). We the Boda-Boda motorists are disap-
pointed because government authorities including our local leaders in our communities of 
a board have not given us an explanation why we are being excluded from benefiting from 
government food supplies. Focus groups, all Boda-Boda stages

Based on geospatial analysis used in this study area, there were no food aid pro-
gram services which could have been alternative food access options for Boda-Boda 
motorists since they did not have any income to buy foodstuffs from the markets.

�Perceived Income During the COVID-19 Pandemic

Focus group participants reported that COVID-19 lockdown measures affected their 
working routines in terms of working hours and created uncertainty in their daily 
lives because many had to abandon the Boda-Boda transport business as stated:

COVID-19 lockdown measures (Standard Operating Procedures  – (SOP) contributed to 
major financial setbacks for us. We were restricted to only transport cargo within the 
restricted time of 7:00 am-2:00 pm. Even when cargo was available, it was not a guarantee 
to have it transported beyond curfew time. Although our work schedule was later increased 
in June 2020 from 7:00 am -5:00 pm, we were used to earning more money by working late 
evening and night hours. Night businesses were affected by police deployment and opera-
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tions that covered entire Kira Town Council making it difficult for Boda-Boda movements 
beyond curfew time. We no longer see some of our colleagues and not sure if they quit the 
business or will be returning when the situation normalizes. This decreased income caused 
animosity in providing food to our families. On the issue of COVID-19 health impacts on 
our families, we survived narrowly. We depended on herbal medicine1 which we collected 
from the nearby bushes. Herbal medicine worked for us well the same way it relieved most 
Ugandan families. Focus group, Semugonde Boda-Boda stage

It was further reported that due to the economic conditions, Boda-Boda motorists 
were brutalized as stated:

In a bid to make money, we were arrested for non-adherence to SOPs. We were tortured 
while in police custody, fined, while our colleagues’ motorcycles were confiscated. Those 
colleagues that were unable to pay heavy fines and bribes imposed by the police, committed 
suicide. Those who bought Boda-Boda motorcycles on loans or higher purchases, such 
arrangements were cancelled, and vendors recalled their motorcycles. This situation has 
pushed most of our colleagues out of business and has created mass unemployment without 
any compensations. Focus group, Kira Boda-Boda stage

A geospatial analysis of the Kira Town Council does not provide existence of 
shelter homes. In addition, with increasing number of gender-based violence 
(GBV), the victims could not report the cases to police due to COVID movement 
restrictions. Boda-Boda motorists who were arrested and those whose motorcycles 
were confiscated found it hard to get bail from police since they could not be 
accessed by their families due to restricted movements.

A key informant recollected the status of the Boda-Boda business before and 
during the COVID-19 pandemic lockdown.

During the month of May-June of every year, we used to transport pilgrimages to the 
Basilica at Namugongo Martyrs Shirines. We also made money during soccer season by 
transporting fans to Mandela National Stadium. People prefer to use Boda-Boda transport 
as a fast means of transport and Boda-Bodas also navigate and pass through shortcuts 
through overcrowded destinations. Soccer fans pay up to 35,000 Ugs equivalent to $10 for 
transport to be dropped at the stadium and about 15,000 Ugs equivalent to $5 to the Basilica. 
The money I make in these two months (May-June) helps me to pay school fees for my 
children for a year. What an exciting experience we had before the COVID-19 pandemic 
lockdown. But all these money merry-making seasons were disrupted by COVID-19 pan-
demic. The Basilica was closed, and the stadium was turned into a COVID-19 treatment 
center. Key informants, Kitukutwe Boda-Boda stage

The information revealed by the key informant is consistent with the locations of 
the Namugongo Martyrs Shrine and Namboole National Stadium. For example, the 
Namboole National Stadium is the furthest administrative service from the 
Kitukutwe Boda-Boda stage (Fig.  16.1) suggesting that the further you go with 
Boda-Boda transport coupled with the prevailing business activities, the higher 
transport cost you pay.

1 Boda-Boda motorists referring to herbal medicine means the use of medicinal plants (e.g., boiling 
and drinking concoctions of mango, lemon, guavas, eucalyptus leafs, and lemon grass) used to 
treat COVID-19-like symptoms including cough and cold.
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Besides other challenges, participants were also worried about the new proposed 
Boda-Boda routes:

As Boda-Boda motorists, we are expecting more frustrations. Kampala Metropolitan has 
been redesigned which has locked out Boda-Boda transport services in the city center. The 
implementation of this new change was planned to commence in November 2020. Only 
those registered associations like safe Boda-Bodas will be allowed to operate in the city 
area where high income is generated. Most of us who are not registered with Boda-Boda 
associations have counted ourselves out of business. This is a new development. Our busi-
ness dwindled but authorities are demanding registration fees. Key informants, Kira Boda-
Boda stage

This means that Boda-Boda motorists will be providing transport services to 
limited locations and this will increase their financial vulnerability.

Reduced income among Boda-Boda motorists due to COVID-19 pandemic 
restrictions also affected gender and family relations. Participants reported an 
upsurge of domestic violence from their female spouses and children as stated by a 
key informant:

As men and heads of households, we feel our status and identity insulted by our wives and 
its worse when it is done before our children because we cannot provide for them. We are 
vulnerable, dying in silence in our own homes. We have been denied food and sex. Some 
women have poured boiling porridge to their husbands, this has caused death of many men. 
We have been accused and insulted of infidelity, witnessed our wives elope with other well-
to-do men. Decreased household income due to COVID-19 lockdown has triggered emo-
tional and physical violence. Our homes have become haven sites for terrorism. We fear to 
report cases of violence to authorities or seek help due to the stigma associated with being 
coerced by a wife. Our country, Uganda has no laws on violence against men. We are dying 
in silence. We have been trapped at home with our wives (abusers) the situation is more 
stressful, fatiguing and depressing, we need help. FGD, Kira Boda-Boda stage

By the time this study was conducted, all health systems and protective agents 
had focused on women and girl child issues and ignoring male and boys’ issues. The 
Minister of Gender Labour and Social Development in Uganda stated that on March 
30 to April 28, 2020, a total of 3280 police cases were recorded, and out of the 
recorded cases, gender-based violence cases totaled to 283 victims (children and 
women (Hauxia, 2020)). The figures were not gender-disaggregated; hence, the 
concerns of Boda-Boda men on violence against males should be examined.

�Discussion

This study demonstrated several impacts of COVID-19 lockdown on the lives of 
Boda-Boda motorists in Uganda. The study revealed the existence of administrative 
and social services and the Boda-Boda transportation network (markets, hospital, 
police stations, schools, Boda-Boda stages). However, during COVID-19 lock-
down, most of these services were locked down except for markets, hospitals, and 
police stations. Boda-Boda motorists whose livelihoods depended on these social 
services through transportation of passengers and goods were left jobless without 
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any alternative sources of income. The fact that Boda-Boda motorists who earned a 
net income of less than 5000 Uganda shillings (equivalent to USD 1.3) had no sav-
ings to survive on during the COVID-19 pandemic.

The study further revealed that most Boda-Boda motorists became vulnerable 
because they lost their breadwinning roles and could hardly provide food to their 
families. Pereira and Oliveira (2020) affirms that males in patriarchal societies who 
fail to meet their ascribed roles experience increased social, psychological, and 
mental stress including stigma and isolation.

Further, inadequate access to healthy foods among Boda-Boda motorist’s fami-
lies was a risk factor that affected their physical, social, and emotional health. Food 
insecurity increases mortality especially those who depend on the informal sector 
and lack alternative means of survival. Previous studies (Breakfast & Nomarwayi, 
2021) reported difficulties in obtaining food during lockdown due to intra-household 
inequalities. Consequently, adoption of negative coping strategies, such as sale of 
household assets, became the only option, which further plunges Boda-Boda motor-
ists into poverty.

Participants also revealed that food insecurity and lack of income coupled with 
prolonged home confinement led to increases in domestic conflicts and partner vio-
lence in Boda-Boda motorists’ homes. Similarly, Taub (2020) demonstrated that 
domestic violence is common due to longer stays with family members especially 
on vacations, in times of pandemics, or among vulnerable communities. Similarly, 
Van Dijk and Nkwana (2021) indicate that food insecurity has political, economic, 
and social dimensions rooted in power inequality and patriarchy. In most vulnerable 
communities, food security has been regarded as a stabilizer. Therefore, when men 
fail to provide for their families, they lose power and control over their families, and 
this may increase sexual and physical conflicts and denial of conjugal rights. 
Participants reported that government interventions on gender-based violence dur-
ing the COVID-19 pandemic focused on women and children and failed to come up 
with strategies to address conditions of men who suffer violence from their spouses. 
The lack of programs on violence against men could be due to limited research on 
violence against men in Africa. There were no protective systems to address domes-
tic violence against men in the study site. Most importantly, men face the challenge 
of reporting violence inflicted on them due to gender discriminatory norms that 
perceive them as the perpetrators (Komazec & Farmer, 2021). This implies that they 
do not receive the required services which culminate in poor health outcomes in the 
face of the pandemic (Usher et al., 2020). The findings reveal the panorama of struc-
tural oppression against people in the informal sector. Participants in this study 
reported police brutality in the cover of enforcing movement restrictions. Katana 
et  al. (2021) allude that during the COVID-19 lockdown, cases of violence and 
discrimination intensified in both control and prevention measures. Besides being a 
violation of their rights, these acts indicate insensitivity of authorities to the welfare 
of the low-income and average earners who live hand-to-mouth.

The COVID-19 pandemic has not only affected Boda-Boda motorists but has 
generally affected Ugandan workers in the informal sector. Other countries like 
India (Estupinan & Sharma, 2020) and Indonesia (Joko, 2020) reported continued 
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reduced wages or loss of employment especially among informal workers. All these 
fears combined with structural changes such as the introduction of new policies and 
fees on Boda-Boda motorists are manifestations of structural oppression. This situ-
ation may create social effects like disintegration of families and social networks 
(Gonalons-Pons & Gangl 2021), and economic costs may include funeral costs, 
increased hospital bills as a result of increased physical and emotional violence. It 
may also lead to reduced human development opportunities including schooling, 
teenage pregnancy, child labor, and prostitution, all of which increase poverty and 
vulnerabilities and oppression.

�Conclusions and Recommendations

The study shows that within the Kira Town Council, Boda-Boda motorists aver-
agely operated in a distance of between 0–2.291 km and 8.932–11.926 km. However, 
due to COVID-19 lockdown movement restrictions, Boda-Boda motorists lost their 
jobs and could not provide basic needs to their families. The impact of the COVID-19 
lockdown also contributed to food insecurity and domestic violence due to lost daily 
income. One of the techniques to address food insecurity and income problems 
among vulnerable populations like Boda-Boda motorists is to create awareness 
about sustainable local farming, urban and rooftop gardening, and wetland resources 
where fresh produce is grown by community residents and may be an alternative to 
food access. This would promote food security with communities accessing food 
produce at affordable cost, close to home, without requiring them to travel to distant 
markets. The surplus could be sold to nearby market centers for increased house-
hold income and investment in other household developments that Boda-Boda 
motorists serve. There is need also to plan for shelter homes and the development of 
protective systems like policy reforms and awareness creation against all forms of 
violence against men and women. Policy reforms and awareness are needed to 
understand domestic violence against men as demonstrated by this study on Boda-
Boda motorists.

Declaration Statement of Interest  The authors of this work declare no competing interests.
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Part III of this volume explores how the lessons learned from the COVID-19 pan-
demic set the stage for next steps as the world prepares to adapt to a post-pandemic 
reality. This part includes examples of mitigation strategies, adaptation pathways, 
and ongoing challenges.

In Chap. 17, Dr. Alexsandar Valjarević describes how different types of transpor-
tation uses have had varying impacts in terms of accelerating the transmission of the 
virus. In a comparison of transportation by air, rail, vehicle, and ship, the author 
uses geographical information systems along with other geospatial approaches to 
demonstrate how analysis of traffic patterns can be used to depict the spatial trajec-
tories of the spread of COVID-19. In Chap. 18, Dr. Valentina Albanese and Dr. 
Giorgio S. Senesi provide an overview of digital surveillance technologies in light 
of the concept of surveillance capitalism, with a focus on the technological solu-
tions deployed to contain the spread of COVID-19 in Italy. In Chap. 19, Professor 
Francis Koti highlights both the importance of the contribution of the urban infor-
mal sector to national economies and local livelihoods in sub-Saharan Africa and 
the vulnerability of that sector to political, economic, social, and environmental 
uncertainties such as those presented by the COVID-19 pandemic. The chapter 
examines the relative resilience of the urban informal sector in the face of COVID-19-
imposed lockdowns and demonstrates how unique characteristics of this sector have 
helped facilitate reentry into the sector as economies in the region recover from the 
economic shocks of pandemic-related restrictions.

In Chap. 20, Professor Jason Knouft highlights the complex and often sensitive 
relationships between human activities and freshwater resources during the 
COVID-19 pandemic, providing unique insights into how humans interact with 
freshwater resources. The chapter describes how the combination of COVID-19 
restrictions, regional climatic variability, and varying levels of social and economic 
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stability have implications for preemptive policies that ensure water availability and 
access to freshwater resources in all areas of the world. In Chap. 21, Ms. Maya 
Mishra argues that Earth observations will play a critical role in predicting and pre-
venting disease incidence in the future. Using a One Health perspective, the chapter 
describes how Earth observations data provide an avenue for preventing the next 
disease pandemic before it starts. Finally, in Chap. 22, Dr. Ashley Pierce and Dr. 
Amanda Shores offer lessons learned from the US National Science Foundation 
during the pandemic and its efforts to enable the acceleration of research in times of 
need. The authors describe how the research community led the charge in defining 
the research agenda to address the pandemic. Their observations highlight the 
implications of inter- and transdisciplinary perspectives emphasized across 
COVID-19-related research projects. The response by the National Science 
Foundation to COVID-19 reinforces the need for interdisciplinary research and 
integration across the diversity of researchers to solve interwoven challenges during 
times of rapid change and urgent need.

In summary, the chapters in part III highlight how geospatial approaches to 
understanding the COVID-19 pandemic have revealed lessons that can be used to 
inform decisions and policies in response to future pandemics. The findings of these 
chapters also have important implications for adapting to the realities of a dynamic 
shock to public health and for mitigating its ongoing and evolving impacts at vari-
ous scales ranging from local to national and global.

R. B. Richardson



211

Chapter 17
Geospatial Techniques for Mapping 
the Spatial Trajectories of COVID-19

Aleksandar Valjarević

�Introduction

Studying the spatial distribution and spread of diseases is of enormous importance 
for human security and well-being. In the nineteenth and at the beginning of the 
twentieth centuries, global diseases seriously threatened humanity. The plague has 
given rise to at least three major pandemics. The first spread around the Mediterranean 
Sea in the sixth century AD, the second started in Europe in the fourteenth century 
and recurred intermittently for more than 300 years, and the third started in China 
during the middle of the nineteenth century and spread throughout the world 
(Stenseth et al., 2008). Today, in the twenty-first century, humanity is generally well 
connected and concentrated in populated, urban areas. Traffic networks are now 
connected better and nodes of traffic interconnected better too. More than 70% of 
humanity will live in urban areas by the end of the twenty-first century (Bolund & 
Hunhammar, 1999). The most densely populated areas will be distributed in the 
coastal zones of North and South America, western and central Europe, Asia, cen-
tral Africa and coastal zones of Australia (Bostrom, 2009). Previous studies have 
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shown that population growth, urbanization, global mobility and environmental 
change are contributing to the increased probability for pandemics to occur (Zhou 
et al., 2020). The COVID-19 virus originated in Wuhan City in Hubei Province of 
China in December 2019 (Singhal, 2020). Geographic Information Systems (GIS) 
and numerical methods  are an essential tool for estimating pandemic characteristics 
through geographic space which has been employed at the local, regional and global 
scales (Imeri et  al., 2021; Valjarević et  al., 2020). There are numerous methods, 
including GIS methods, that can be used in the analysis of spatial distribution of 
COVID-19. The algorithms in GIS software applicable to the mapping of the spatial 
trajectory of COVID-19 are Kriging, Semi-Kriging, Modified Kriging, Kernel den-
sity, buffer and zonal statistics (Antrop, 2004). The spatial and numerical methods 
supported by GIS could find a prominent place in public health and epidemiology 
research as shown by the contemporary studies conducted worldwide (Guo, 2007; 
Christaki, 2015; Centers for Disease Control and Prevention, 2019; Nykiforuk & 
Flaman, 2011; Zhang et  al., 2020; Schröder, 2006). The risk of the pandemic in 
modern society depends on the volume of transmission and human or environmen-
tal factors (Voigtländer & Joachim Voth, 2013). The spatial density and distribution 
of populations have a significant impact on the potential of viruses spreading among 
the public. Two hundred years ago, the world population was less than 1 billion; by 
1850, it was 1262 billion; and today, it is 7.9 billion. A population growth rate of 
2.2% in the last 50 years combined with projections for expanding traffic infrastruc-
ture can provide spatial trajectory for increasing viral transmission (Viviroli et al., 
2007; Traphagan, 2019). Scientists predict future pandemics to spread at 1000 times 
faster than in the past 200 years due to expanded travelways and increasing nodal 
points of connection. Not only do the properties of network influence the spread of 
virus, but also the density of population, migration, demography, and many other 
factors. Today, we have frequent airlines across the world. There were two main 
epicentres of the pandemic in 2020, China and Italy. Today, there are 224 countries 
and territories with citizens infected by COVID-19 (Zajenkowski et al., 2020).

�Materials and Methods

The data for this research were collected from the open-source database, Worldometer 
(https://www.worldometers.info/). The data are in CSV format and they represent 
population distribution at the global scale. Airplane trajectory data were down-
loaded from the International Air Transport Association (IATA) at a 10-m spatial 
resolution. Railroad and road data were used from the free and open-source data-
base, Natural Earth, with a 30-m spatial resolution. Population data were collected 
from the United Nations at 10-m spatial resolution and included cities with more 
than 100,000 citizens. After initial screening for population density distribution, it 
was concluded that the most commonly used kinds of local transportations in urban 
areas are trains and buses. The high number of lines and nodes belong to air traffic, 
followed by road traffic, railroad traffic and then marine traffic. The densest places 
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in the world are in Central America, east coast of North America, Central East 
Africa, western Europe, Southeast China, Southeast Asia, central part of Japan and 
east coast of Australia (see Fig. 17.1).

The high level of connection between airports occurs primarily in western, cen-
tral and south Europe, the east and west coast of the USA, Southeast and East Asia, 
southeast Australia and urban zones in South America (Liu et al., 2020; Weigang 
et al., 1997). The most densely populated areas with 500 individuals/km2 have the 
most connections with airports The estimated number of airplane lines was 
4.1 × 1015 km in 2019. In 2020, this number was reduced to 2.4 × 1014. The decrease 
is approximately 15% (Fig. 17.2).

These nodes (airports) are directly connected to road and rail networks. They 
have a large population density, with more than 500 inhabitants per km2. Due to all 
the elements listed above, the COVID-19 virus is well dispersed on all sides of the 
world, excluding Antarctica. In this study, two mathematical models were used and 
integrated in the QGIS 3.12 software to calculate potential virus trajectories. The 
first one presents the fastest transmission rate of viral spread (see Eq. 17.1).

	
P X x

x

x u

�� � � � �e e

! 	
(17.1)

This model presents the modified exponential distribution or Poisson distribu-
tion. X is the Poisson distribution with mean u. This distribution is better than the 
classic exponential distribution because the parameter of measure m depends on the 
average time between occurrences. This exponential distribution more accurately 
depicts growth rates within natural and spatial sciences and medicine (Louzada-
Neto et al., 2011; Holgate, 1964). For the analysis of transport problems in roads 

Fig. 17.1  Populated places in the world with marked density. The data used were from the open 
database Natural Earth. The geographical projection of this map is the Robinson Projection
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Fig. 17.2  Trajectories of airplane lines in 2019. During this time the main corridor for airline 
travel was between Mainland China, western Europe, and the USA. This map was generated by 
means of open-source GIS software 3.16.5 QGIS and Gephi 0.9.1, while data were taken from the 
International Air Transport Association

and railroads, we used the modified geometric distribution. The geometric distribu-
tion has the following form (Eqs. 17.2–17.4):

	
P X x q px�� � � �� �1

	
(17.2)

where
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(17.3)
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(17.4)

All the presented distributions were integrated into open-source software and 
transformed in Geo-Python and C++ codes.

�GIS and Numerical Analysis of the COVID-19 Spatial 
Trajectory: A Global View

With the help of Geographical Information Systems (GIS) and numerical methods 
and proposed algorithms, spatial models of virus spatial trajectories were analysed. 
The distribution of the COVID-19 spatial trajectory was used in connection with the 
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density of traffic network and the number of nodes. By using spatial methods such 
as Kernel and buffer, spatial properties at the time of the beginning of the viral trans-
mission were reconstructed. The GIS software QGIS (Quantum Geographical 
Information System) and SAGA (System for Automated Geoscientific Analyses), 
along with the tools for geospatial calculations were used for the visualization of the 
dispersion of infected cases across the world. For spatial analysis of traffic connec-
tion (node connections), the ordinary and Semi-Kriging methods were used through 
QGIS and SAGA (GIS) of the Spatial Analyst. Other methods used are spatial meth-
ods conducted in GIS and include zonal algorithms. For all traffic networks at global 
scale and their analysis, a modified AHP (analytic hierarchy process) method was 
applied to provide the numerical value of the nodes’ properties. The AHP or com-
plex decision algorithms in this research had a threshold between 0 and 1. 0 which 
represents low connectivity, availability, direct lines, average clustering and central-
ity, while 1 represents high connectivity. The minimum value is 0.0 and the maxi-
mum 1.0 (Sullivan & Artino, 2013; Wright, 1955). This number represents weekly 
connected traffic lines on a global scale. The properties of the network were anal-
ysed by a numerical algorithm which was implemented through QGIS 3.16.5, 
MMGIS and graphical modeller functions (Valjarević et  al., 2018). Within these 
functions, network properties for roads, airplanes and railroads were analysed. The 
nodes of airports and marine ports were analysed by Kernel distribution, buffers and 
zonal statistics. In that way it is possible to combine two types of data, lines and 
points. Buffer data used in this research were divided into two types. The first type 
of buffer was rounded with a radius of 20 km, 50 km and 100 km. The second type 
was a circular buffer with the same radius (Dong et al., 2003). The median radius of 
the buffer was 57.5 km and the arithmetic mean was 85 km. The generalized for-
mula for the distribution of nodes across time and space is shown in Eq. (17.5):
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where the value r is a summary measure relating to an entire set of paired observa-
tions. In this study the r varied between 0.1, 0.4 and 0.6 and maximum 1.0 (Altman 
& Léger, 1995; Polansky & Baker, 2000). Finally, zonal statistics were used for the 
estimation of traffic properties and COVID-19 virus spatial trajectory at global 
scale. Four kinds of traffic were analysed: air, road, railroad and marine.

�Results

During 2020, airplane traffic constantly decreased. Overall, the total spatial trajec-
tory length of flights in 2020 was 3.9 × 1014 km compared with flights in 2019. The 
greatest number of flights or (33%) was between America and Europe, followed by 
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Europe and Asia (29%), North America and South America (9%), Asia and East 
Asia (11%), Europe and Africa (6%) and others (12%). The total number of nodes 
is 5623, and the total number of nodes is 58,560. The results of the modified AHP 
method revealed the following results: the connectivity, 0.4; mobility of air traffic, 
1.0; availability, 0.6; density of the graph which represents direct lines, 0.001; mod-
ularity, 0.0; average clustering coefficient, 0.170; and centrality, 0.02. The number 
of weekly connected lines in 2020 was 1806. In 2020  in the USA, the most fre-
quented node was Atlanta’s airport. In Europe, the most frequented nodes were 
identified in the UK (Heathrow), Germany (Frankfurt Airport), the Netherlands 
(Schiphol), France (Charles De Gaulle) and Turkey (New International Airport 
AtaTurk). In Central Asia, the most frequently visited airports are Sheremetyevo in 
Russia, Beijing Capital International Airport and Shanghai Pudong International 
Airport in China, and the International Sydney Airport in Australia.

The results of the modified AHP method analysing road traffic in 2020 gave 
scores for mobility (0.7), connectivity (0.9) and availability (0.6). The densest road 
network was located in western, south and central Europe, eastern parts of the USA 
and the east coast of mainland China. The number of potential connected road lines 
per month was 1.3 × 109. The highest number of possible connected road lines is 4.9 
x 109 and this network is located in Europe. Europe has the densest and most con-
nected road network. South America has 2.3 × 109 road lines per month. This net-
work is the densest in the central part of South America and in densely populated 
areas near coast lines. Australia is a continent with less road networks. Australia has 
the smallest number of connected lines in comparison with other continents with 
0.3 × 109 monthly line connections (see Fig. 17.3).

In Europe and North America, the network is well connected. In South America 
and Asia, the network is randomly distributed and convex.

The railroad network is less dense than the road network. The results of the rail-
road network analysis were as follows: mobility, 0.8; connectivity, 0.2; and 

Fig. 17.3  Road network and buffer of 20 km with places marked by black circles with the dens-
est network
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availability, 0.8. The railroad traffic in central and south Europe and Southeast Asia 
is the densest, followed by that in North America. The number of possible con-
nected lines per month in North America is 1.3 × 103. The general results for rail-
road networks are as follows: the modularity is 0.3, the coefficient of average 
clustering is 0.31, and the centrality is 0.04 (see Fig. 17.4). The risk of the pandemic 
in modern society depends on the volume of transmission and human or environ-
mental factors (Voigtländer & Joachim Voth, 2013).

The results of the marine traffic network at global scale are as follows: the mobil-
ity is 0.3, the connectivity is 0.2, and the availability is 0.3. The highly distributed 
lines are in the western Europe and the east coast of the USA (see Fig. 17.5).

Fig. 17.4  Railroad network and buffer of 50 km with places marked by red circles with the dens-
est network

Fig. 17.5  Port networks with places marked by black circles with the densest network

17  Geospatial Techniques for Mapping the Spatial Trajectories of COVID-19
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Fig. 17.6  The world population density in 2021

According to the GIS analysis conducted within this research, the average popu-
lation density in 2020 was 54 inhabitants per 1 km2. The highest density is in North 
India, central and western Europe, the east coast of the USA, the west coast of the 
USA around San Francisco, the east coast of China, the central part of China, the 
southeast part of Australia, urban areas in Japan and the biggest cities in Africa and 
South America, where there are more than 400 inhabitants/km2 (see Fig. 17.6).

�Modeling and Mapping of COVID-19 Spreading 
Spatial Trajectories

This research included the COVID-19 spatial trajectory in comparison with four 
types of traffic and population density according to the situation in 2020. A total 213 
countries and territories were analysed for the purpose of this research. Distribution 
belts were analysed with the help of precise GIS analysis and procedures. The areas 
with the lowest number of registered cases include Tanzania, Comoros, Faroe 
Islands, Gibraltar, Saint Martin, Mauritius, Eritrea, Mongolia, North Korea, 
Cambodia, Monaco, Bhutan, Barbados, Brunei, Liechtenstein and small isolated 
islands. If humanity does not slow down or mitigate the pandemic spatial trajecto-
ries, 62% of territories can be affected by the coronavirus through the road network 
properties by the finalization of the pandemics (see Fig. 17.7). The risk of the pan-
demic in modern society depends on the volume of transmission and human or 
environmental factors (Voigtländer & Joachim Voth, 2013). This investigation was 
conducted on the trajectory of the dengue virus.

The railroads will be less affected (49%) by COVID-19 in the following year, 
due to the smaller network of railroad connections and properties. Figure  17.8 
depicts the maximum of COVID-19 spatial trajectory and covered territories in 
comparison to railroad traffic.

A. Valjarević



219

Fig. 17.7  The maximum COVID-19 spatial trajectory and covered territories compared to road 
traffic with a medium rate of virus transmission

Fig. 17.8  The maximum of COVID-19 spatial trajectory and covered territories in comparison to 
railroad traffic

�Conclusion

This research has not included the mobility of pedestrians. Another limiting factor 
is that not all data on all connections by means of all types of traffic have been 
downloaded. The research has shown that densely populated areas in urban zones, 
with developed traffic network, have a higher rate of COVID-19 spread. The higher 
the number of nodes, the higher the transmission rate. If the traffic network is less 
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developed, the transmission rate is lower. Isolated and unpopulated areas would be 
infected only in interactions with visitors. This research focuses on the analysis of 
traffic properties at the global scale. Four types of traffic were investigated in con-
junction with the pandemic dispersion of COVID-19. The connectivity of road net-
works is more extensive than the railroad traffic system, but less extensive than air 
traffic connections. Road traffic has a relatively high mobility and the highest con-
nectivity and reliable availability. Other types of traffic such as marine represent a 
lower risk of transmission because ports can be very easily quarantined. Obtained 
results highlight that mobility, connectivity and availability of traffic resources can 
be crucial in the analysis of virus spread spatial trajectories. Therefore, future stud-
ies are recommended to be more focused on the assessment of the volume of air 
travel, as well as on the investigation of the impact of sea, bus, train and car travels 
(with the usage of daily, monthly and yearly data resolution) on the distribution of 
COVID-19 in different regions of the world. The situation in 2020 is very similar to 
the situation in 2019. Research has shown that the highest risk of infection and 
transmission rate come from air, road, railroad and marine traffic. GIS and geo-
graphical analyses may contribute to better understanding and prevention of 
COVID-19.
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Chapter 18
Digital Geographies and Digital 
Surveillance Technologies: Power 
and Space in the Italian Society Under 
Control for Public Health

Valentina Albanese  and Giorgio S. Senesi 

�New Spatiality During the Pandemic

The COVID-19 pandemic can be described as the watershed between the organiza-
tion of the world based on twentieth-century concepts and those generated by the 
digital revolution. We are in the middle of a digital turn era. Ash et  al. (2018) 
advance “the notion of the ‘digital turn’ to capture the ways in which there has been 

A Pandemic Story from Italy
Waking up in the morning represented a gamble every day: remembering 
where the day’s flight would take me and where I would sleep the next night. 
An academic work conducted with a suitcase in hand. Home, planes, trains, 
hotels, trains, planes, home. Pandemic stopped all this. The morning alarm 
has been turned off for months. I prepared breakfast for my family and myself 
every day; I recovered the hugs, the smiles, the calm, the regular breathing. I 
rediscovered the beauty of the roofs of southern Italy, observed from the bal-
cony; discovered sunsets from a window; and learned to know my refuge, my 
home, inch by inch. I re-meant home spaces that have gradually become a 
total space. In a short circuit between the principle of the perennial movement 
imposed by the pre-pandemic everyday life and the sedentary lifestyle 
required by the state of emergency, the world seemed to return to a common 
human dimension. The biosphere made everyone immerse in the same air, 
share the same voids between bodies. Stasis suddenly won over an impossible 
frenzy that, who knows, maybe we have learned to keep under control.

V. Albanese (*) 
Università degli Studi dell’Insubria, Como, Italy
e-mail: ve.albanese@uninsubria.it 

G. S. Senesi 
CNR, Istituto per la Scienza e Tecnologia dei Plasmi, Bari, Italy

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
M. Laituri et al. (eds.), The Geographies of COVID-19, Global Perspectives on 
Health Geography, https://doi.org/10.1007/978-3-031-11775-6_18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11775-6_18&domain=pdf
https://orcid.org/0000-0002-1654-7321
https://orcid.org/0000-0002-3947-6853
mailto:ve.albanese@uninsubria.it
https://doi.org/10.1007/978-3-031-11775-6_18


224

a demonstrably marked turn to the digital as both object and subject of geographical 
inquiry, and to signal the ways in which the digital has pervasively inflected geo-
graphic thought, scholarship, and practice” (p.  25). The digital turn had already 
been present for some time and, as well, technological innovations, i.e., digital tech-
nology and technological infrastructures, were already present, but they had never 
been used in such a massive way, as happened in these first 2 years of the pandemic. 
Therefore, it is reasonable to assess that the digital turn has found its momentum in 
the pandemic period to become a digital practice turn, that is, a turning point in 
practices, all practices, which have found their own digital alter ego to be main-
tained even during the periods of lockdown. Digital geographies are certainly pro-
tagonists of territorial reconfigurations. Geography becomes essential to understand 
which relationships between the individual and the physical environment, i.e., the 
exterior, and the individual and social environment, i.e., the otherness, have emerged 
also including the dynamics of local resistance.1 The new spatialities generated by 
the pandemic and by the repeated lockdowns can be evaluated at different scales. 
The confinement of the bodies inside private homes led us to reflect on the new 
spatiality of COVID-19, starting from the minimum scale, that of the body, and then 
considering that of the house, and finally the urban one.

�Bodies and Spaces During the Pandemic: The Italian Case

To understand what impact the COVID-19 pandemic has had on body practices, two 
essential variables must be considered, i.e., the forced confinement in space and the 
transfer of personal data, from body temperature to tastes and emotions. Thus, sur-
veillance capitalism2 has enriched its archives with an abnormal amount of data. 
Aiming to perform a geographical analysis, the two aspects of confinement and data 
transfer can be considered both expressions of forms of the power of those who 
generate, assemble, and organize data. For this reason, our reflection moves from 
the forms of power that produce and act on data, a power that Isin and Ruppert 
(2020) call sensory power.

According to Foucault (1975) since the seventeenth century, the relationship of 
power with life has changed sharply and can be summarized in the dichotomy of 

1 For example, “carbonare” lessons were organized in public gardens in Milan, every Sunday after-
noon in parks, in green spaces of neighborhoods, until the schools of all types and levels are back 
in presence and safety. They consist in itinerant lessons to guarantee the right to study for those 
who, due to the digital divide, could not deal with distance learning. The purpose of carbonare 
lessons was also to protest against the closure of schools during the peak of the pandemic (https://
video.repubblica.it/edizione/milano/lezioni-carbonare-a-milano-gli-studenti-and- 
8220disposti-a-tutto-pur-di-tornare-in-classe-and-8221/371606/372211?ref=vd-auto&cnt=1&fbc
lid=IwAR0UbVaRDTPbG9bKBkZcDw6ooco24PxxKzf5wbkcP2L3spQW5JkPFSLdy3s)
2 Internet of things and digital technologies, recently, have been turned more and more into tools 
for behavioral manipulation and exploitation. This is the definition of Zuboff (2019) on the surveil-
lance capitalism.
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passing from the power of life or death (typical of feudal societies) to the power of 
allowing life or pushing to death. In the second case, the logic of sovereignty is 
modified, and power becomes biopower, thus fulfilling the productive task of man-
aging life. These are the means by which modern biopower recovers the ancient 
sovereign right of life or death. Biopower, expressed as the set of power-knowledge 
devices controlling the management of lives, has historically developed in two 
ways: disciplinary and biopolitical. In the contemporary world, discipline and bio-
politics are supported by new technologies and, during the pandemic, they have 
entered by right as life-saving tools in a state of exception (Agamben, 2003), so 
generating the legitimate doubt if the civil liberties must be limited to safeguard 
public health or if this is a mere biopolitical power means (Kitchin, 2020) imple-
mented with new and even more effective tools.

In Italy, we have been witnesses of two main ways of exercising biopolitical 
power: on the one hand, the attitudes and utilities of individual bodies have been 
strengthened by regulation and governmentality of daily practices and, on the other 
hand, biopower has manifested itself as a population biopolitics. In Italy, which has 
been hit by the virus immediately after China (February 21, 2020), the measures to 
be taken to contain and contrast the spread of COVID-19 were formally adopted 
with a series of Ministerial Decrees (DPCM). Italy was colored red, orange, and 
yellow based on the number of sick people, in proportion to the number of places in 
intensive care units in hospitals. The rules for the confinement of bodies in private 
homes were initially referred only to the “red areas” and were then extended to the 
entire national territory (DPCM, 2020).

The first phase of rigid lockdown ended on May 3, 2020, and, with the transition 
to the so-called Phase 2, the productive, cultural, and social activities gradually 
began to resume, even if subject to compliance with some precautions, including 
social distancing and use of a mask indoors. The schools remained closed until the 
end of the school year 2019/2020. The spread of COVID-19 therefore resulted in a 
sudden and drastic reduction in social life in Italy, an extended transfer of profes-
sional activities to home private space, and an immediate suspension of educational, 
working (with some exceptions), sport, social, and cultural activities, some of which 
were allowed only at a distance. However, in all marginal areas where the digital 
divide is still present, these activities have been completely canceled from everyday 
life. Thus, at varying degrees, people experienced a condition of social isolation and 
limitation of freedom of movement outside home. In this scenario, the relationship 
between people and space has also inevitably changed, especially between bodies 
confined to the totalizing home space. Thus, the bodies had to adapt their rhythms 
of life to allow for the forced intersection of formal and factual territoriality. Formal 
territorialities are well represented by the place of residence, while the factual ones 
are expressed in the places where various kinds of activities, e.g., work, study, and 
sports, take place. Formal territoriality generally does not coincide with the factual 
territoriality. Although for a few people formal and factual territoriality overlap, for 
most men and women of any age the two territorialities not only do not coincide but 
in certain cases are even mutually exclusive.

18  Digital Geographies and Digital Surveillance Technologies: Power and Space…
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The practices of daily life, completely digitized during the lockdowns, meant 
that private and public data were all fed into the web, into the databases that are the 
basis of surveillance capitalism (Zuboff, 2019). Reflections related to surveillance 
capitalism and sensory power add to the above considerations. Confinement, as 
mentioned above, marked the final entry into a digital age, through the dissemina-
tion of practices on a global scale and in every area of life. In Italy, the digital prac-
tice turn has highlighted issues on specific forms of exploitation, control, and 
surveillance favored by digitalness in an insufficient welfare framework character-
ized by a weakness in public services, including hospitals and local health assis-
tance, school, and university.

Furthermore, home has also become the workplace, a space no longer separated 
between production and reproduction, but a new battleground between productive 
and unproductive bodies. In this framework, digital media have represented the con-
trol center through which data related to (un)productivity accumulate to be then 
transferred, analyzed, stored, and reused at will. The massive use of digitized daily 
practices has led to an unprecedented increase in what Klauser (2017) identified as 
automated, software-driven data analytics.

Digital technologies have been inextricably intertwined with daily life, becom-
ing mediators of identity and belonging (Albanese & Graziano, 2020) and redefin-
ing the relationships of territoriality not only between people in the home, but also 
between people and suspended space, i.e., public space.

�Private and Public Spaces During the Pandemic: The Italian Case

The social distancing and the interruption of the physical relationship with the city 
that is part of our daily life have led to reconsidering the relations with the territory 
in a markedly reduced perspective, that of the body, and in a very large perspective, 
the transcalar one. The dystopian relationship between the private space and the 
regulated, denied, public space is of particular interest between the two opposite 
poles of the small scale of the body and the large global scale. The relationship of 
people with the external space, the public space, has been limited in time (only a 
few hours) and in space (only some areas). This space has become less and less 
intelligible. Since the access to the public space has been denied, it has taken the 
appearance of an indeterminate, evanescent space, while home became a total space. 
The lockdown periods have transformed living spaces into many heterotypical 
micro-spaces, islands in the home island. In these micro-spaces factual territoriali-
ties, e.g., shopping, social events, conferences, smart working, and e-learning, and 
formal territorialities have overlapped. In the cases where these territorialities were 
incompatible with each other, e.g., working vs. keeping the TV on, Foucaultian 
heterotopias3 arise. Very quickly, Italians had to reconstruct the relationship with the 

3 Foucaultian heterotopias are spaces that have the particular characteristic of being connected to 
all other spaces, but in such a way as to suspend, neutralize, or invert the set of relations that they 
themselves designate. Classic examples of heterotopies are prisons and cemeteries.
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space both from an individual point of view and from a social, work point of view, 
etc. For this reason, it is interesting to consider the total space of home in which 
formal and factual territorialities have been forced to coincide during lockdown 
periods. The bridge with the usual, assimilated proxemics of everyday life was digi-
tal and the ability to keep alive activities once outside home depended entirely on 
digitalness, i.e., both the ability to use digital tools and as a digital infrastructure of 
the territory and access to information and communication technologies, in sum-
mary the presence or absence of a digital divide.

During the lockdown periods, also including eventual quarantines, an even more 
intense dichotomy occurred between private space and public space because we 
were obliged to live in a total, factual, formal space and use the external, public one 
as an exceptional one. The suspended space, the space waiting to be experienced, 
was also characterized by the destabilizing uncertainty of the continuous change of 
rules established by the Ministry of Health that have implied important conse-
quences in terms of personal and social instability. The space enlarged and restricted 
by various ordinances has regulated the spaces of mobility, not only reduced but 
also variable, and those of consumption. The territoriality that has been expressed in 
the governed territory has highlighted very clearly an elected public space that was 
placed in the middle between the heterotopy of the private space and the utopia of 
the denied public space. The various Ministerial Decrees have exercised the politi-
cal control of the territory by regulating the access to the public spaces and keeping 
alive some exceptional spaces (Agamben, 2003). The state of risk4 measured on a 
weekly basis has determined the attribution of a color to each region: yellow, orange, 
or red, from a minimum to a maximum risk of contagion. The color of the regions 
determined the restrictions to be followed until the reduction of the risk indicator 
and consequent change of color.

This fragmentation of the national space into a colored space has generated new 
dichotomies on other scales, i.e., the regional ones, and has further prevented the 
reorganization of the practices of/in/with the public space during the pandemic cri-
sis. Thus, not being able to manage everyday micro-practices as usual, the society 
has lost those elements of stability and stabilization of social models (Ehn & 
Löfgren, 2010) that are also indispensable for the decoding of everyday life.

4 The document from which the basic choices underlying the DPCM and the “colors” ordinance 
derive was drawn up by a working group including the Istituto Superiore di Sanità, INAIL, the 
Spallanzani Institute and the Conference of Regions. The data based on the surveys were uploaded 
every week by the regions to the database of the Istituto Superiore di Sanità; the sources of the data, 
therefore, were the regions (https://documenti.camera.it/leg18/resoconti/assemblea/html/sed0424/
stenografico.pdf)
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�Digital Surveillance Technologies: The Italian Case

During the first wave of the COVID-19 pandemic (from January 30 to May 4, 2020), 
individual lives intersected more and more closely with new technologies. The qual-
ity of survival during the periods of forced confinement depended on the techno-
logical access. In those periods, years-old issues related to the access to new 
technologies and digital illiteracy i.e., issues relating to the digital divide, became 
very evident. Italy is at the bottom of the indicators on digitization in Europe, and if 
we agree with Sassen (2007) that cities are the docking and boarding points of 
world economy, a high digital divide is a fuel that feeds even wider gaps between 
territories. In the pandemic, the gaps have moved on a much smaller scale, at the 
urban scale, of course, but also at the private scale of the home and down to the scale 
of the body, of individuals, who could or could not continue to work, study, com-
municate, and have a social life, although mediated by a technological device. The 
main causes of digital divide in Italy include the following: (a) the absence or inad-
equacy of technologies, e.g., devices and infrastructures, offered by the public 
sphere; (b) the absence of personal funds to purchase an Internet connection and/or 
electrical connections; (c) the lack of training, i.e., digital illiteracy; and (d) obsoles-
cence by private technology producers. During the pandemic, the effects of the digi-
tal divide affected all areas of human existence, accentuating the inequalities 
between people with and without access to information and communication tech-
nologies, as in that historical moment the connection of homes with the remaining 
world made the difference between those who have maintained a relationship with 
the outside and those who have not.

�Governmentality and Digital Surveillance Technology

Given the limiting context of the digital divide, the power structures of digital citi-
zenship have limited individuals and communities by determining who was included 
and who was excluded from physical, digital, and social spaces. More than 40 years 
ago, Foucault (1988) considered that, starting from modernity, the biological life 
became the most important issue of politics, and it is more correct to talk of biopoli-
tics and not of politics, and the task of government art, which he calls “governmen-
tality,” actually is the intervention in the biological lives of individuals. In addition 
to biopolitics and biopolitical power mentioned above, it is necessary to specify the 
term “biocapitalism,” which consists in the possibility of obtaining profit from liv-
ing bodies, i.e., life itself, and which is one of the most important forms of contem-
porary capitalism. Biocapitalism can be schematically described in two ways: the 
first one is that of industries linked to biology, such as pharmaceutical industries and 
vaccines, and the second more insidious one concerns the exploitation of emotions, 
values, and cultural models by which these companies sell their products. These 
concepts lead directly to the great theme of surveillance capitalism and to the “Big 
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Other” of which Zuboff (2019) deals in opposition to the “Big Brother” who guided 
our consumption before Internet was inextricably intertwined with our (on) life 
(Floridi, 2015). According to Zuboff, the “Big Others” are hired ad hoc to guide the 
preferences of specific groups of people by exercising a coercive power that does 
not require violence.

The “Big Others” generate new tastes, stimulate desires, and guide choices and, 
to do so, they rely on the large amount of data collected (more or less legally) in 
huge databases that are often at the center of global scandals (e.g., Cambridge 
Analytica data scandal in 2016). The network and the technologies that make it 
work have assumed a central role for any form of political hegemony because the 
control of information, the control of personal data, which means controlling peo-
ple, feeds on digital knowledge (Deibert, 2015; Winseck, 2017). Therefore, the 
exceptional moment of the pandemic was also experienced as an exceptional 
moment for the collection of personal data, justified by the reason of safeguarding 
world health.

In this scenario, digital surveillance technologies have made their way. In recent 
years, numerous critical studies of digital capitalism have been conducted, which 
have addressed the problem of medical data collection previously to the COVID-19 
pandemic. In particular, some authors (Fuchs, 2013; Terranova, 2000) have ques-
tioned who could benefit from health data. The dichotomy between the common 
good and private benefit has been studied in order to understand the practices of data 
generation and sharing which are difficult to control by individual citizens. Thus, 
the possibility of using digital systems to track people infected with the virus was 
immediately considered to counteract its spread. With the aim of protecting national 
and global public health, the media debate has exposed different digital solutions to 
monitor people infected with COVID-19 and those who have come into contact 
with them. The solutions proposed were different and with significantly variable 
impacts with respect to data justice, concerning the data-driven surveillance (Dencik 
et al., 2016). It was taken into consideration the digital controlling of gatherings 
using aggregated data and also geo-localizing and tracking individual movements, 
i.e., contact tracing. These hypotheses fall within a consolidated habitus that coun-
tries have historically developed, i.e., surveillance. Historically, surveillance has 
been of targeted type when it was necessary to react to an imminent threat, while it 
was of the mass type when it aimed to keeping generic state defense strategies in 
place. However, a relevant variable must be considered in these strategies. The 
frame of application of these surveillance techniques, as digital capitalism teaches, 
is no longer attributable to territorial borders but overcomes every demarcation of 
political space and moves in the cyberspace (Bethlehem, 2014). Therefore, the issue 
of contact tracing apps arises as a global as well as biopolitical issue, i.e., regulate 
the life of individuals by mass monitoring on a cyber-global scale.

The body is immersed in a political field (Foucault, 1975) and power is a political 
technology of the body (id.); thus, biopolitics is the relationship between power and 
the body or, more precisely, the body is seen as a target of power. The surveillance 
system appears as a space in which the bodies of individuals are subjected to a 
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continuous control and end up by adhering to the imposed standards, in order to 
avoid normalizing sanctions.

The main strategy adopted by Italy to contain the virus was the blockade of the 
entire nation and the obligation of quarantine for all citizens except those involved 
in work activities deemed essential to guarantee the basic necessities to the popula-
tion. In addition, contact tracing apps have been created, which for privacy reasons 
in Western democratic states, included soft control strategies, related to the informal 
aspects of control on their citizens. For example, cameras with facial recognition 
used in other countries were excluded. The Italian approach was thus distinguished 
by a greater softness by allowing the collection of anonymous data exclusively to 
analyze the progress of the virus.

As implemented in other Western democratic countries, the approach used to 
fight the virus has been human driven (Parola, 2020), i.e., investing in the human 
capital of citizens has meant in Italy the use of technology for most communication 
purposes. For example, the legislative choices of the Ministerial Decrees which, at 
various intervals, i.e., weekly, biweekly, or monthly, decreed each time, new rules 
of immobility for Italians, occurred through the massive use of traditional and novel 
media. The substantial mass-media communication was useful not only to allow the 
legislative measures be known, but also to leverage on the social sensitivity and civil 
responsibility of citizens. Obviously, this social communication style has also 
increased the normalization of digital surveillance operations by using the tool of 
digital communication as a consensus manufactory, the ability of democracies to 
assure that people’s choices and orientations are structured in a way that people 
always do what they are told, despite the fact that, formally, they have the opportu-
nity to participate in choice and decision-making processes (Chomsky & Herman, 
1995). To all of this, the “Immuni” contact tracing app has been added.

�The Italian Immuni App

The “Immuni” app (https://www.immuni.italia.it) was developed on the bases of the 
numerous issues related to data justice (e.g., health data repository), and no citizen 
has been forced to download it. It could be downloaded on a voluntary basis and no 
movement restrictions were imposed on those who did not want or could use it. 
These citizens who decided to download the app did not disclose information on 
their exact location as Immuni was not developed with GPS technology but with 
Bluetooth technology, which is unable to release information regarding the precise 
location of the user.

Another choice made by the developers of the Italian app to control issues related 
to data justice was the decentralized design model (Fig. 18.1).

Thus, another extremely important aspect was that there was not a single place 
for data storage, which was very relevant in addressing numerous data justice issues 
(Taylor, 2019).
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Fig. 18.1  The decentralized model of the Immuni app

The Italian protocol of a decentralized type is thus certainly not a very invasive 
model but is solid in terms of user privacy as the central authorities cannot identify 
positive citizens, their contacts, and the duration of their meeting and geo-localize 
their movements, which are data considered sensitive and thus protected. Differently, 
if these data were provided to the central server, as it occurs for apps that use a cen-
tralized model, it would be possible to trace the social networks in which individu-
als enter. Certainly, Immuni is not a perfect model, but is apparently among the least 
invasive.
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�Conclusions

The management of the pandemic, due to its very exceptional nature, was not an 
easy task. Fear and threat, connected to situations of proximity, have pushed us to 
accept digital technologies as the only possible way to protect ourselves, but also to 
survive by keeping our daily activities, thanks to the mediation of digital devices. 
Aware of the exceptional nature of the initial situation, what we have attempted to 
discuss is the implementation of control and confinement strategies, certainly 
exceptional, but which have their roots in a long-standing tension towards govern-
mentality, biopower, and the capitalism of surveillance. As discussed above in ethi-
cal terms, although the Immuni contact tracing app is not one of the worst cases, it 
still raises important questions related to some of the ten rules for social control 
proposed by Chomsky (2014). In particular, we are referring here to the rules about 
the strategy of distraction such as talking about who was responsible for the spread 
of the virus, the gradualness to which lockdown and surveillance measures have 
been implemented, and to know people better than they know themselves, strictly 
linked with the surveillance capitalism.

The distraction strategy is the main element of social control. This concept is not 
new, but it dates back to the first century AD. The expression “panem et circenses” 
(bread and circus games) with which Giovenale (127 AD) indicated the elements 
necessary to sedate and control the people of Rome. This expression continues to be 
used currently and still indicates a demagogic attitude by which good food and 
entertainment are exploited to distract people from real problems. Generalist social 
networks of the latest generation are a relevant example of this. In social media, in 
fact, communications tend to focus primarily on the spectacle of the facts, rather 
than on their explanation.

Graduality, which refers to the gradual application of measures that, otherwise, 
would be unacceptable, is also a subtle instrument of governmentality. Would this 
be the case with Immuni?

Finally, from Chomsky to Zuboff, the problem of the transfer of personal data 
and the consequent control over bodies in their sociopolitical sense and over people 
in their emotional and personal sphere is at the center of a huge debate. Digital 
technologies are inextricably intertwined with our daily life and, in an urgent way, 
are increasingly assuming the role of mediators of identity and belonging (Albanese 
& Graziano, 2020) in replacing social, economic, cultural, and playful spaces. The 
loss of privacy and mass surveillance are the most important issues on which reflec-
tion is urgently needed. Starting from the academy, these issues invest as many areas 
as possible in search of a problematization and, subsequently, of a solution. In the 
case of contact tracing apps, all of them, in every nation, should have the sole pur-
pose of monitoring the population for the sole purpose of reducing contagion and 
intercepting dangerous situations from a virological point of view in the shortest 
time. All new technologies, however, from contact tracing apps to any digital tool 
that retrieves personal data, involve several doubts and issues related to the control, 
the power, and the slow but inexorable release of personal information in the bound-
less databases. Whose database? Where from? For what use?
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Chapter 19
Resilience Amid Uncertainty: COVID-19 
Pandemic, the Urban Informal Sector, 
and Livelihoods in Sub-Saharan Africa

Francis T. Koti 

�Introduction

The contribution of the informal sector to national economies and local livelihoods 
in sub-Saharan African countries cannot be overstated. Recent studies have esti-
mated that the informal sector comprises well over 89.2% of the total labor force in 
sub-Saharan Africa, with some citing higher percentages for women and young 
workers compared to those of adult men (CGAP, 2020; Elgin et  al., 2021; ILO, 
2021; UNDP, 2021; Zeufack et al., 2020). Despite its relative importance to national 

A Personal Pandemic Story from Murfreesboro, TN
When you are born and raised on the equator (like I am), the annual trappings 
of the winter weather of North America always presents an unpleasant experi-
ence. But the isolation prompted by COVID-19 pandemic lockdowns was 
quite different. In fall 2019, I had just accepted a new faculty position at 
Middle Tennessee State University and moved to the City of Murfreesboro, 
Tennessee (USA), with my wife Margaret, our 12-year old daughter Arianna, 
and a slew of pets. My son Milton had just graduated from college and taken 
a job in the nearby city of Nashville, TN. Barely 4 months into the new envi-
ronment, COVID-19 introduced us to a new normal of self-isolation. 
Admittedly however, working remotely has given me a necessary break to 
appreciate family and home space. Between teaching and doing research 
remotely, Ping-Pong games with Arianna in the garage, regular walks with 
Margaret in a nearby greenway, and back again to my computer, I got to 
appreciate and reflect on important things in life. I have, however, used the 
convenience of working from home to attend virtual professional develop-
ment opportunities and present papers at virtual conferences. And yes, I 
picked up golf!
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economies and local livelihoods, the informal sector in sub-Saharan Africa is vul-
nerable to economic, social, political, and environmental uncertainties such as those 
presented by the COVID-19 pandemic. Two years into the global pandemic, there 
has been a growing interest among the academic community and development prac-
titioners in various aspects of the informal sector in sub-Saharan Africa. While this 
list is not exhaustive, the literature shows a focus on various aspects such as vulner-
ability and precariousness (Hamilton, 2020; ILO, 2020a, b, c; Heitzig et al., 2021; 
Meagher, 2021), employment and livelihoods (Kinyanjui, 2020; Nguimkeu & 
Okou, 2020; Ohnsorge & Yu, 2021; Webb & McQuaid, 2020), containment mea-
sures and mobility patterns (Daniel & Sacchetto, 2020; Pinchoff et al., 2021), gen-
der implications (Moussié & Staab, 2020; Mukhtarova, 2020), and microenterprises, 
relief for workers, and social protections (Adams et al., 2021; CGAP, 2020; Lakuma 
& Sunday, 2020; Shurkin et al., 2021; UNDP, 2021).

While the literature is replete with examples from across sub-Saharan Africa, 
there has been limited focus on the relative resilience of the urban informal sector in 
the first 2 years of the global pandemic despite the limited support from the respec-
tive national and local governments. This study examines the relative resilience of 
the urban informal sector (UIS) in sub-Saharan Africa in the first 2 years of the 
COVID-19 pandemic. The main goal of the study is to understand the unswerving 
resilience of the UIS in sub-Saharan African cities in the face of COVID-19-imposed 
lockdowns and closures. A survey of literature is followed by analysis of published 
material, media content, internet sources, and other official and nonofficial govern-
ment sources.

We set the stage by establishing the definition and conceptualization of the UIS, 
making a key distinction between the nature of informality as a form of employ-
ment, on the one hand, and as an economic sector, on the other. After giving an 
account of the advent of the COVID-19 pandemic within the sub-Saharan Africa 
region, the focus shifts to country examples where Kenya and other countries in 
sub-Saharan Africa are used for illustration. These accounts are followed by expla-
nations for the relative resilience of the urban informal sector in the face of 
COVID-19 lockdowns despite limited support from the national and subnational 
levels of the government. We argue that the lack of social protections for the infor-
mal sector is no longer an option for sub-Saharan African economies where over 
89% of the labor force is in the informal sector (ILO, 2020a).

�The Urban Informal Sector in Context

In their assessment of the implications of the COVID-19 pandemic on employment 
in the informal economy, Webb and McQuaid (2020) summarized the conceptual-
ization of the informal sector under three competing frameworks: (1) modernization 
theory framework that focuses on the lack of development in the respective con-
texts, (2) neoliberal frameworks that interpret informal economies as a response to 
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state regulation, and (3) political economy approaches that see informal economies 
as an outcome of limited state intervention and a lack of social protection for work-
ers (Meagher, 1995; Webb & McQuaid, 2020). In this conceptualization, two types 
of informal workers are identified: (1) those self-employed in informal enterprises 
and (2) the wage employed in informal jobs. As the literature indicates however, 
there seems to be no standard definition of informality and/or the informal sector 
(Meagher, 1995; Potts, 2008; Webb & McQuaid, 2020; Zeufack et al., 2020). The 
International Labor Organization (ILO), for example, defines the informal sector as 
“all types of nonformal employment involving workers who are not protected by 
national labor laws” (Rigon et al., 2020).

The stated ILO definition of the informal sector seems to imply the diversified set 
of economic activities, enterprises, jobs, and workers that are not regulated or pro-
tected by labor laws. Despite its flaws however, this definition has been adopted by 
both the academic community and development practitioners and has been the basis 
for the characterization of the informal sector in sub-Saharan Africa. Because of the 
focus on employment rather than the sector itself, a wide range of misleading terms 
are used to refer to the sector including but not limited to the following: hidden, 
shadow, precarious, contraband, irregular, invisible, unregistered, underground, 
illegal or illegitimate, unregulated, and so on (Webb & McQuaid, 2020).

Whether the informal sector is defined from an employment standpoint or as an 
economic sector in and of itself may not be as important as the fact that the UIS is 
a key source of livelihood for millions of people and a backbone to the economies 
of many countries in sub-Saharan Africa (CGAP, 2020; Heitzig et  al., 2021; 
Ng’weno & Porteous, 2018; Ohnsorge & Yu, 2021). In sub-Saharan Africa, the UIS 
comprises workers involved in a variety of activities including but not limited to 
street vendors, artisans, waste pickers, construction workers, home-based workers, 
domestic jobs, transportation workers, construction workers, and other short-term 
contractors. As workers in this sector lack social protections and government sup-
port, the UIS is often sensitive to political, environmental, economic, and social 
uncertainties (CGAP, 2020; Hamilton, 2020; Heitzig et al., 2021; UNDP, 2021). 
The precarious nature of the informal sector has been substantively covered by 
Meagher (2021) but well captured in their assessment when Zeufack et al. (2020) 
noted that:

Informal workers lack benefits such as health insurance, unemployment insurance, and paid 
leave. Most informal workers, particularly the self-employed, need to work every day to 
earn their living and pay for their basic household necessities. A prolonged lockdown will 
put at risk the subsistence of their households. Additionally, the majority of workers hired 
are in a precarious situation, and most of these jobs are temporary and with low remunera-
tion, do not offer social security, and put workers at a greater risk of injury and ill health. 
(Zeufack et al., 2020:74)

Regardless of the conceptual lens through which we view the UIS, it still remains 
a key employer and a major source of livelihood for millions of people in sub-
Saharan Africa.
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�COVID-19 Pandemic in Sub-Saharan Africa

The first confirmed case of COVID-19 on the African continent was reported in 
Egypt in mid-February in 2020 and was linked to travel from China (Adams et al., 
2021). In sub-Saharan Africa however, the first confirmed case was reported in 
Nigeria towards the end of February 2020, and by the end of the month of May the 
same year, the virus had been reported in the rest of the countries in the region 
(Adams et al., 2021; Nguimkeu & Okou, 2020; Shurkin et al., 2021). Because of 
poor healthcare infrastructure, high poverty rates, and high unemployment in sub-
Saharan African countries, among other factors, it was feared that the COVID-19 
pandemic would not only spread rapidly, but would also have a devastating effect on 
national economies and local livelihoods (CGAP, 2020; ILO, 2020a, b, c, 2021; 
Shurkin et  al., 2021; Zeufack et  al., 2020). However, the number of COVID-19 
cases, hospitalizations, and deaths remained relatively low compared to other 
regions of the world (Adams et al., 2021; Heitzig et al., 2021; Moussié & Staab, 
2020; Nguimkeu & Okou, 2020). While the reasons behind low COVID-19 cases in 
sub-Saharan Africa has spurred an interesting debate among the academic commu-
nity and development practitioners (Adams et al., 2021), there seems to be consider-
able agreement that African governments were effective in preparing for the 
pandemic and implementing mitigation strategies to curb its initial spread. Adams 
et al. (2021), for example, highlighted the remarkable swiftness with which African 
governments and health organizations moved in to respond to the initial threat of 
COVID-19 – citing examples from Nigeria, Kenya, South Africa, Ghana, Rwanda, 
and Côte d’Ivoire. As Adams et  al. (2021) note, “By March, (2020) almost all 
African nations had suspended flights from China… After March 2020, most cases 
imported to Africa originated from Europe, as the epicenter of the disease had 
shifted there. By May 2020, more than 40 African nations had closed their borders 
to all but cargo” (Adams et al., 2021:438).

As of the writing of this chapter (December 2021), cumulative COVID-19 cases, 
new cases, deaths, and hospitalizations still remain relatively low compared to other 
regions of the world (see Table 19.1).

As Table 19.1 shows, COVID-19 infections in the continent of Africa have not 
been as severe as initially expected. What is more notable is that the stringent con-
trol measures and mitigation strategies employed to curb the spread of the pandemic 
in the region directly threatened the operation of activities of the UIS (Shurkin et al., 
2021; Zeufack et al., 2020). A few examples are discussed below.

�COVID-19 Pandemic Mitigation Strategies, Government 
Responses, and the Exclusion of the Informal Sector: 
Examples from Kenya

Based on written accounts in daily newspapers, peer-reviewed publications, Internet 
sources, and government reporting, the first confirmed case of COVID-19 in Kenya 
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Table 19.1  Regional incidence of COVID-19 cases on December 3, 2021

Cases–
cumulative 
total

Cases–newly 
reported in the 
last 7 days

Deaths–
cumulative 
total

Deaths–
newly 
reported in 
the last 
7 days

Persons fully 
vaccinated per 
100 population

Global 269,468,311 4,075,903 5,304,248 48,191 44.5
Americas 98,690,724 932,459 2,373,674 12,060 58.25
Europe 91,903,122 2,547,150 1,601,656 28,084 54.14
Southeast Asia 44,748,558 95,493 714,546 2609 35.01
Eastern 
Mediterranean

16,947,823 88,906 312,514 1564 27.55

Western Pacific 10,612,501 214,891 148,037 3362 70.88
Africa 6,564,819 197,004 153,808 512 5.87

Source: WHO Dashboard, December 13, 2021

was reported on March 13, 2020, and 2 days later, the President of Kenya Uhuru 
Kenyatta issued COVID-19 virus control measures and guidelines (Omolo, 2020; 
GoK, 2021; Pinchoff et al., 2021). These immediate measures included but were not 
limited to closure of schools, working from home, cashless transactions, banned 
gatherings, and strict social distancing guidelines among others. On April 6, 2020, 
President Kenyatta further announced a cessation of movement in and out of the 
Nairobi Metropolitan Area followed by a nationwide curfew (Fig. 19.1). On June 6, 
2020, the cessation of movement was extended and expanded to include other large 
cities and the curfew extended from dusk to dawn. Other more specific restrictions 
included closing schools for 1 year, restricting the number of passengers in public 
service vehicles to at most 60% of the vehicle capacity, banning of international 
passenger flights, imposing quarantines, and emphasizing cleanliness and hygiene 
guidelines among others.

As these restrictive measures were expected to affect work, school, and play and 
by extension hurt families financially, the Government of Kenya introduced seven 
measures aimed at buffering Kenyans against financial hardships created by 
government-imposed COVID-19 control measures. As documented by Omolo 
(2020), the seven measures included:

	1.	 100% tax relief to Kenyans earning KSh 24,000 (US$228) and below
	2.	 Pay as you earn (PAYE) reduction from a maximum of 30% to 25%
	3.	 Reduction of turnover tax rate from 3% to 1% for all micro-, small, and medium 

enterprises
	4.	 Reduction of resident income tax to 25%
	5.	 Making available KSh 10 billion (US$95 million) to vulnerable groups includ-

ing the elderly and orphans, among others
	6.	 Temporary suspension of the listing of loan defaulters for any person, micro-, 

small, and medium enterprise and corporate entities whose loan account is in 
arrears effective April 1, 2020

	7.	 Reduction of value-added tax (VAT) from 16% to 14% effective April 1, 2020
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Fig. 19.1  Media headlines on the COVID-19 pandemic and the informal sector in sub-
Saharan Africa

The intent of these measures to cushion Kenyan citizens was welcome nation-
ally, especially considering that they included a provision for orphans and the 
elderly. However, something about the government-instituted relief program for 
workers was notable – the measures only applied to Kenyans in formal employment 
and almost exclusively omitted the informal sector of the economy which employs 
well over 83% of the Kenyan population (Donovan & Zhu, 2020; Kinyanjui, 2020). 
Other than where vaguely implied such as measure #3, #5, and #6, the informal sec-
tor was otherwise omitted from government relief measures. It came as no surprise 
that by May 20, 2020, over 8000 people were reported as dislodged from informal 
settlements.

�What the COVID-19 Control Measures and Exclusion 
from Kenyan Government Relief Measures Meant 
for the Urban Informal Sector

In addition to loss of life, it was expected that the immediate measures used to con-
trol the spread of COVID-19 in Kenya would have a devastating effect on the UIS 
(Fig. 19.1). First, the face-to-face and physical nature of activities in the UIS does 
not lend itself to remote operations. Second, as a key source of business for the 
informal sector, massive layoff of employees in the formal sector was a bad thing 
and so was the economic slowdown at the national level. Third, the cessation of 
movement initially within the Nairobi Metropolitan Area and subsequently in other 
cities around the country meant cutting off supplies from the rural areas which many 
workers in the informal sector depend on. Add to that the disruption of local, 
regional, and global supply chains which are the backbone of the UIS. Because the 
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UIS thrives when other sectors of the economy thrive, the poor performance of the 
UIS led some to declare that “Kenya’s labor market was not made for a pandemic” 
(Donovan & Zhu, 2020). The exclusion of the UIS from government-instituted 
COVID-19 relief measures was thought to be the proverbial “last nail in the coffin” 
for the UIS (Guyen & Karlen, 2020).

�Other Examples from Sub-Saharan Africa

Elsewhere in sub-Saharan Africa, similar accounts and experiences of the UIS have 
been reported in online newspapers, academic work, and policy briefs among others 
(Zeufack et al., 2020). In April 2020, for instance, the World Bank dedicated Volume 
21 of its “Africa’s Purse” to the assessment of the economic impact of COVID-19 in 
sub-Saharan Africa. In this study, Zeufack et  al. (2020) predicted that economic 
growth in sub-Saharan Africa would decline from 2.4% in 2019 to −2.1% to −5.1% 
in 2020, citing that this would be the “first recession in the region in 25 years” with 
an estimated cost “between US$37 billion and US$79 billion in terms of output 
losses for 2020” (Zeufack et al., 2020). Although the focus of the study was overall 
national economies, it recommended implementing social protection programs to 
support workers, especially those in the informal sector.

While the country-specific examples highlighted are by no means exhaustive, 
they give a snapshot into similar experiences in other countries in sub-Saharan 
Africa (CGAP, 2020). As early as April 2020 and due to high COVID-19 infection 
rates, the Federal Government of Nigeria had imposed lockdowns in Lagos and 
Ogun states as well as Abuja. These were followed by lockdowns at other subna-
tional levels of government. In their assessment of the impact of COVID-19 control 
measures and restrictions in Nigeria, Onyekwena and Ekeruche (2020) predicted 
declines in household income, consumption, investment, and exports. More specifi-
cally, they identified a looming devastating effect that these lockdowns would have 
on the informal sector, which contributes more than 65% of the country’s economic 
output. As an immediate relief measure, the Central Bank of Nigeria (CBN) arranged 
a fiscal stimulus package, designed to cushion workers in the formal sector 
(Onyekwena & Ekeruche, 2020; Zeufack et al., 2020). As evident in these efforts, 
there was no direct mention of the urban informal sector as a recipient of the gov-
ernment relief measures despite its contribution to the national economy.

In South Africa where lockdown measures were in place as early as January 
2020, they implemented targeted social protection measures to cushion workers. In 
these programs, the social security agency extended social grants to older people 
and those with disabilities while the government offered to pay sick leave to those 
workers affected by the initial lockdown or getting sick as a result of the COVID-19 
outbreak. According to De Groot and Lemanski (2020), the President of South 
Africa Matamela Cyril Ramaphosa announced a specific socioeconomic response 
plan in April 2020 aimed at supporting the economy during the lockdown. Despite 
the nationally published relief measures and the establishment of a national body to 
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oversee payment of unemployment insurance benefits to workers in South Africa, 
the pandemic benefits still remained confined to those in formal employment and 
did not reference the UIS (Zeufack et al., 2020).

Similar social protections were also announced in neighboring Namibia as early 
as March 2020. Here, workers losing jobs as a result of initial lockdowns and who 
were not receiving any other grants from the government would receive a one-off 
payment of N$750, taxpayers could borrow money against their tax payment for the 
previous year, and most importantly, the government would keep water supply 
points open. Namibia was one of the few countries in sub-Saharan Africa where the 
initial relief measures expressly mentioned informal workers (Zeufack et al., 2020).

A survey conducted in Uganda in the early stages of the pandemic indicated that 
75% of the surveyed businesses had laid off employees due to the risks presented by 
COVID-19. The results of the same survey seemed to suggest that the initial lock-
down measures had reduced business activity by more than 50% with most of the 
decline occurring in micro and small businesses (Lakuma & Sunday, 2020; Zeufack 
et al., 2020). Following these early signs, the National Social Security Fund (NSSF) 
of Uganda announced provisions that would allow distressed businesses and 
employers to reschedule NSSF contributions without penalties. Still, pandemic 
relief measures focused primarily on employers and registered businesses but not 
the informal sector.

What we can learn from these few examples is that despite the intent by national 
and subnational government levels of government to cushion workers affected by 
COVID-19 control measures, workers in the urban informal sector remained largely 
excluded from most relief programs across the continent. What is fascinating, how-
ever, is that when lockdowns were lifted and economies opened back up in the latter 
part of 2020, the UIS in most sub-Saharan African countries gradually picked up 
despite the lack of government support. In the next section we explain the unlikely 
resilience of the UIS amid the uncertain social, economic, and political climate.

�What May Explain the Relative Resilience of the Urban 
Informal Sector in Sub-Saharan Africa in the Face 
of Uncertainties Prompted by COVID-19-Related Lockdowns 
and Closures?

First, the very nature and character of the UIS may partly explain its relative resil-
ience to the economic shocks of COVID-19-related closures and lockdowns. Take, 
for example, the flexible work arrangements and the fact that much of the informal 
activity is conducted outdoors. This made it possible to observe the required social 
distancing guidelines and still conduct business, but most importantly to avert the 
potential for community spread of the virus. This position, however, contradicts an 
argument by Elgin et  al. (2021) who have argued that extreme poverty and the 
crowded nature of the UIS setting aggravate the spread of COVID-19. Their 
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argument is, however, not entirely incorrect as it references post-lockdown UIS 
when social distancing restrictions had been lifted.

Second, the UIS in sub-Saharan Africa is community oriented, serves local 
needs, and comprises social networks that go far beyond mere casual interactions at 
the market. As such, even under government-instituted lockdowns and closures, 
activities and provision of services still continued at personal level and outside busi-
ness settings. In Kenya, for example, advancements in e-commerce through the 
M-Pesa money transfer system made remote business transactions possible for 
urban informal workers during lockdowns. Third, and even more importantly, 
majority of businesses in the UIS in sub-Saharan Africa are family operated, do not 
involve large investments, deal with relatively inexpensive goods, thrive on family 
or casual labor, and hardly ever involve debt spending. As rightly noted by Ng’weno 
and Porteous (2018), the capital required to (re)enter an informal business is almost 
negligible (as low as US$7 in the Kenyan context) and so are the losses on exit. This 
implies that losses incurred during COVID-19-related closures were relatively man-
ageable for owners of businesses and small microenterprises.

The UIS in sub-Saharan African countries is also characterized by low-skill as 
well as low-technology jobs. From tailors of school uniforms, drivers of taxis, street 
vendors, and artisans to mechanics, these forms of employment have low entry 
skills. This very feature made it possible for workers in the sector to reenter the 
economy when lockdowns were lifted towards the end of 2020. Likewise, it made it 
relatively easy for others laid off from formal employment to enter the sector.

The impact of the intense pressure mounted by the nongovernmental sector, 
international organizations, development practitioners, academic community, local 
leaders, the media, etc. cannot be understated. This pressure played a key role in the 
sudden shift in attitudes towards support for the informal sector by national and 
subnational levels of government. Whether it was in the context of policy briefs, 
academic journals, blogs, conferences, or other forms of media outlets, there were 
sustained campaigns that called upon governments in the region to recognize and 
include the informal sector in their COVID-19 relief measures (Fig. 19.2) (CGAP, 
2020; Daniel & Sacchetto, 2020; Dube & Katende, 2020; Guyen & Karlen, 2020; 
ILO, 2020a, b, c, 2021; Kinyanjui, 2020). The World Bank, for example, dedicated 
Volume 21 of Africa’s Purse publication to examining the impact of the COVID-19 
pandemic specifically on the urban informal sector (Zeufack et  al., 2020). The 
fourth issue of Volume 54 of the Development and Change journal was also dedi-
cated to impacts of COVID-19 on the informal sector in which Meagher (2021) and 
others called for the economic inclusion of informal workers observing that “the 
will to include (the informal sector/workers) has become paramount, and the recent 
global crisis of the COVID-19 pandemic has only made matters of economic inclu-
sion more critical than ever.”

As part of the intense campaign for the inclusion of the informal sector in social 
protections against COVID-19-related hardships, the United Nations Development 
Program (UNDP) Regional Bureau for Africa in collaboration with the International 
Labor Organization (ILO) Regional Office for Africa dedicated an entire publica-
tion into assessing (and making recommendations for) social protection systems in 
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Fig. 19.2  Reports from a local Kenyan newspaper show increasing recognition of the infor-
mal sector

selected countries in sub-Saharan Africa (UNDP, 2021). In their edited volume, 
“The Long Shadow of Informality: Challenges and Policies,” Franziska Ohnsorge 
and Shu Yu call for inclusive COVID-19 relief approaches that recognize the infor-
mal sector. While this list of advocates for the informal sector in sub-Saharan Africa 
is not exhaustive, it attracted the attention of national and subnational levels of 
government prompting some to designate financial support specifically for the 
informal sector. As shown in Fig. 19.2, the Standard Newspapers twice reported 
instances where local financial institutions in Kenya had initiated programs to shore 
up informal sector enterprises.

�Conclusion and Recommendations for Further Work

This study set out to understand the relative resilience by the urban informal sector 
in the face of COVID-19 pandemic-related closures in sub-Saharan Africa. First, the 
study laid out the conceptual framework under which the UIS is discussed distin-
guishing between informality as a form of employment on the one hand, and as an 
economic sector on the other. The ensuing section gave an account of the advent of 
the COVID-19 pandemic in sub-Saharan Africa highlighting the major challenges 
associated with the initial measures to curb the spread of the pandemic. Using 
examples from Kenya and elsewhere in sub-Saharan Africa, the study also high-
lighted the exclusion of the UIS in government-sponsored measures to cushion 
workers. This exclusion was best captured by Meagher (2021) in this remark,

What the COVID-19 pandemic has exposed so starkly is not the economic exclusion of 
informal populations, but their precarious terms of inclusion in essential production and 
service activities, at the heart of contemporary market societies, where they labor as casual-
ized workers, last-mile distributors, gig workers, ersatz entrepreneurs, while remaining cut 
off from basic economic and social rights. (Meagher, 2021: 731)

Despite the exclusion from government-sponsored relief measures however, the 
UIS exhibited unswerving resilience by emerging from pandemic closures (albeit 
gradually) when the respective governments lifted stay-at-home measures. In the 
study, we offer several explanations for this unwavering resilience of the UIS, some 
of which include the very nature and character of operation of the sector itself. Most 
importantly, however, and the key lesson from the relative resilience of the UIS 
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from the rubble of COVID-19 lockdowns is that structural and meaningful eco-
nomic inclusion of the informal sector is no longer an option for sub-Saharan 
African countries. Because of its sheer size and contribution to local and national 
economies, the performance of the informal sector may well be the key to sustain-
able economic development in sub-Saharan Africa because when the informal sec-
tor thrives, so does other sectors of the economy.

As this is a preliminary study, the work would be incomplete without identifying 
further areas of inquiry. First, the study recognizes that the impacts of the COVID-19 
pandemic on the UIS are far from uniform across social and spatial scales. A study 
is needed to further investigate how the second-order impacts of the pandemic will 
differ across social and spatial scales and also examine the necessary adaptations 
needed in order to respond to secondary impacts of the COVID-19 pandemic. 
Second, due to massive layoffs in the formal sector, this study predicts that the UIS 
is likely to experience an entry of more skilled actors as well as feature new and 
more sophisticated activities previously unseen in the informal sector. It will be 
interesting to see what the new urban informal landscape will look like. Third, most 
studies assessing the economic and social vulnerability of the UIS have been con-
ducted using models developed specifically for social contexts outside sub-Saharan 
Africa. It would be interesting to see what a social and spatial vulnerability index 
for the sub-Saharan African context would look like. A further study is needed that 
would utilize the power of geospatial technologies to develop an Africa-specific 
index for assessing socio-spatial vulnerabilities prompted by downstream impacts 
of the COVID-19 pandemic.
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Chapter 20
Freshwater Resources and COVID-19

Jason H. Knouft 

�Introduction

Water is fundamentally important to natural and social systems, economic activity, 
and human health, and it is one of the most valuable resources on the planet. 
However, water and human relationships are reciprocal, with human activities hav-
ing significant impacts on water quantity and quality in almost all areas of the 
planet. Considering these reciprocal relationships and that water is inextricably 
linked to almost all services humans use every day (Neal, 2020), altered human 
activities and limited access to water can have significant direct and indirect effects 
on human health as well as social and natural systems. These effects have been 
highlighted during the COVID-19 pandemic, with access to clean and abundant 
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water a critical component influencing direct (e.g., disease transmission, mortality) 
and indirect (e.g., social, economic) impacts of COVID-19. (See Chap. 2 for a 
related discussion of first- and second-order impacts of the pandemic.)

Water availability is ultimately dictated by the hydrologic cycle, which repre-
sents the continuous circulation of water in the Earth system. The primary compo-
nents of this circulation include evaporation, transpiration, condensation, 
precipitation, and runoff from the landscape, with human access to freshwater 
resources largely restricted to surface waters (i.e., rivers, lakes, wetlands) and 
groundwater. Within the hydrologic cycle, runoff of water from the landscape to 
rivers and lakes is a primary source of nutrients, sediment, and contaminants to 
surface waters. Human activities consistently elevate the occurrence of these con-
stituents, often with detrimental impacts on water quality. This anthropogenic deg-
radation of freshwater systems is an important example of the reciprocal nature of 
humans’ relationship with water, as decreases in water quality driven by humans 
then impact the quality of the resources required by society. Understanding pro-
cesses at this point of interaction between humans and the hydrologic cycle, which 
have likely been impacted in unusual ways over the past 2 years, is critical to real-
izing the impacts of the COVID-19 pandemic on society.

The local and global impacts of COVID-19, while unusual on their own, have 
occurred on an even more unusual warming planet, likely compounding and com-
plicating society’s response to the pandemic. The hydrologic cycle is primarily 
powered by thermal energy from the sun, with increases in temperature potentially 
serving to alter and accelerate movement of water through the Earth system. 
Ongoing changes in climate are having well-documented effects on water resources 
and freshwater ecosystems through increases in air temperature and changes in sea-
sonal and spatial patterns of precipitation (Ficklin et  al., 2016, 2018; Knouft & 
Ficklin, 2017). These alterations are, in many cases, contributing to changing pat-
terns of water storage and stress around the world (Fig. 20.1, Huggins et al., 2022). 
Moreover, weather variability is increasing, and the nonstationarity of the Earth’s 
climate creates greater uncertainty and limits society’s ability to adequately manage 
water resources and predict and plan for extreme anomalies (e.g., floods and 
drought). These changing climate systems are responsible for the uncertainty of 
water availability around the world in recent years, which adds to the challenges 
associated with mitigating the impacts of COVID-19.

The predictable availability of clean water is largely dependent on human use 
and climate-driven precipitation and air temperature. The capacity of social systems 
to adapt to water stresses associated with climatic variability can have cascading 
effects on all parts of local society. Moreover, regions exhibiting greater water sys-
tem resilience have a more robust ability to tolerate acute water stresses. When 
combined, measures of water availability and social adaptability to water resource 
stress levels create a mosaic across the globe (Fig. 20.2, Huggins et al., 2022), with 
some geopolitical regions having a much greater capacity to respond to water stress. 
This mosaic is the template on which the COVID-19 pandemic has occurred. 
Considering that ongoing changes in climate contribute, in part, to water-stressed 
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Fig. 20.1  Estimates of river basin water conditions based on trends characterizing freshwater 
stress and storage. Legend indicates the number of basins in each “freshwater stress × freshwater 
storage” category. (Figure is reproduced from Huggins et al. (2022) under the Creative Commons 
Attribution 4.0 International License)

Fig. 20.2  Representation of the combined influence of freshwater status and social adaptability 
used to characterize the resilience of a region to water stress. Legend indicates the number of 
basins in each “freshwater status  ×  social adaptability” category. (Figure is reproduced from 
Huggins et al. (2022) under the Creative Commons Attribution 4.0 International License)

regions, the pandemic has likely made evident how climate change can serve as a 
threat multiplier to human health and well-being. In this context, the challenges 
faced by local communities can vary among regions and include limited access to 
clean water for hygiene, impacts to indigenous communities, and alterations in 
water demand due to restrictions associated with lockdowns.
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�COVID-19, Water, and Public Health

The prevention and control of infectious disease is dependent on access to clean 
water, with disease transmission enhanced when water resources are stressed or 
unpredictable (WHO, 2019; Sivakumar, 2021). In March 2020, the World Health 
Organization (WHO) provided guidelines to aid in the prevention of COVID-19, 
including handwashing, physical distancing, and household cleaning (WHO, 2020). 
However, limited access to clean water for drinking and personal hygiene has been 
an ongoing problem in less-developed regions in the world, resulting in significant 
health implications during the COVID-19 pandemic (Donde et  al., 2021). These 
areas are relatively less resilient to water stress and have faced particularly signifi-
cant challenges during the COVID-19 pandemic. Figure 20.3 represents an integra-
tion of a freshwater status and social adaptability analysis with cumulative mortality 
rates from the COVID-19 pandemic. Several regions, including northern Mexico, 
eastern and southern South America, northern and southern Africa, and eastern 
Europe contain geopolitical areas that have experienced high rates of COVID-19 
mortality and have been identified by Huggins et al. (2022) as water-stressed regions 
with limited social adaptability (Fig. 20.3). While identifying these regions does not 
suggest a direct link between water resources and COVID-19 mortality, the pan-
demic does provide an opportunity for possible detailed investigations of water-
pandemic interactions.

As a baseline from which to view the implications of water stresses during the 
COVID-19 pandemic, Stoler et al. (2021) provides a broad pre-COVID-19 assess-
ment of water insecurity among low- to middle-income countries. Data from 2017 

Fig. 20.3  Countries with COVID-19 death rates greater than 100 deaths/100,000 in the popula-
tion. Mortality data represent cumulative deaths from the onset of the COVID-19 pandemic 
through January 21, 2022, and were downloaded from the Johns Hopkins University Coronavirus 
Resource Center (https://coronavirus.jhu.edu/) and visualized in ArcGIS (version 4.1). Blue 
squares indicate regions identified as “moderate–severe” water stress and “low–moderate” social 
adaptability by Huggins et al. (2022)
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to 2018 from 8297 households in 29 sites across North America, South America, 
Africa, the Middle East, and Asia indicate that 46% of households lacked the ability 
to regularly wash their hands or had to acquire water from outside the household, 
which results in a lack of physical (social) distancing (Stoler et al., 2021). Moreover, 
71% of these households experienced water-related problems which can enhance 
transmission and impacts of COVID-19, including a lack of clean water for drink-
ing, taking medication, and bathing (Stoler et al., 2021). While this lack of access to 
clean water was a global health emergency prior to the appearance of COVID-19, 
the pandemic intensified the threat to human health and well-being associated with 
these preexisting environmental challenges.

In a study of 25 sub-Saharan Africa countries (excluding South Africa) during 
the COVID-19 pandemic, approximately 46% of households did not have in-house 
access to water or a sanitation facility (Ekumah et al., 2020). In five of these coun-
tries, less than 2% of the households had access to these resources (Ekumah et al., 
2020). The lack of in-house clean water, including soap for handwashing, hinders 
the ability to directly limit the spread of COVID-19 (Jiwani & Antiporta, 2020; 
Amuakwa-Mensah et al., 2021). Moreover, the lack of in-home water and sanitation 
facilities forces residents to travel for these services, increases their contact with 
others, and subsequently increases the likelihood that residents will be exposed and 
serve as vectors for COVID-19. Almost three million people live in water-stressed 
areas in sub-Saharan Africa, many of whom would view COVID-19 prevention rec-
ommendations (e.g., frequent and sustained handwashing) as a luxury (Anim & 
Ofori-Asenso, 2020). The COVID-19 pandemic in sub-Saharan Africa has provided 
a clear reminder of the importance of improving water access for vulnerable 
populations.

Brazil has had the third highest number of reported COVID-19 cases and second 
highest number of reported COVID-19 deaths among countries. Most of the Amazon 
River basin is contained within the borders of Brazil and access to water is not a 
significant concern relative to other regions in the world. However, access to basic 
sanitation within the Amazon River basin is lacking in many areas. This is of par-
ticular concern because COVID-19 can be shed in feces from humans for at least 
2 days after the virus is no longer detected in the respiratory tract (Parasa et al., 
2020; Repici et al., 2020), with untreated wastewater serving as an important vector 
for COVID-19 (Lodder & Husman, 2020). There are thousands of communities 
located near the Amazon River which include approximately 180 native groups and 
an estimated 306,000 indigenous people (da Costa et al., 2020). This combination 
of indigenous livelihoods, lack of developed sanitation systems, and a global pan-
demic represents one of the many facets of the challenges presented by COVID-19 
and the need for place-based approaches for the development of effective water 
resource infrastructure.

In India, which has had the second highest number of reported COVID-19 cases 
and third highest number of reported COVID-19 deaths among countries, reduced 
human activities associated with the pandemic have contributed to water quality 
improvements in rural regions, yet urban areas have not experienced the same 
improvements (Balamurugan et  al., 2021). The increase in water demand, 
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presumably related to increased attention to personal hygiene (e.g., handwashing), 
has resulted in up to 25% increases in water consumption in some areas (Balamurugan 
et al., 2021). Accordingly, the frequency of handwashing with soap appears to have 
increased in rural areas, although 13% of households in some regions have reported 
barriers to handwashing (Bauza et al., 2021). However, many cities in India lack an 
uninterrupted water supply (Hughes et  al., 2017), with these constraints more 
intense during summer because of decreased water storage (Balamurugan et  al., 
2021). While diverting water from the industrial and information technology sectors 
as workers adopt a work-from-home work approach may improve conditions, lim-
ited tracking of water use among sectors makes water management a challenge. The 
issue of limited water management data is not restricted to India and points to the 
need to increase infrastructure monitoring, even in developed countries, to better 
address water issues.

The impacts of COVID-19, while global in nature, are particularly challenging 
and dangerous for those that lack the support of robust infrastructure, which can 
occur in developing regions as well as in transient communities in developed coun-
tries (Parikh et  al., 2020). The previous examples from Africa, Brazil, and India 
represent a subset of the variety of ways that access to clean water and sanitation 
interact with social systems and the constraints imposed by the COVID-19 pan-
demic (see McDonald et al., 2020, for additional examples). In all cases, access to 
water, sanitation, and hygiene (WASH) facilities is critical to the mitigation of 
COVID-19 impacts. The development of WASH infrastructure is related to at least 
nine of the 13 United Nations Sustainable Development Goals (Parikh et al., 2020), 
indicating the intertwined nature of water with all aspects of sustainable develop-
ment and social resilience, as seen during the COVID-19 pandemic.

�COVID-19, Water Quality, and Freshwater Ecosystems

The relationships between water availability and direct outcomes from the 
COVID-19 pandemic (i.e., disease transmission, mortality) have rightly been the 
primary focus of attention during the past 2 years. However, the COVID-19 pan-
demic has also provided a unique opportunity to understand how human activities 
influence freshwater ecosystems. As COVID-19 spread across the globe in 2020, 
many political regions (cities, states, countries) imposed restrictions on the general 
public including limiting in-person work and school attendance, public gatherings, 
and complete lockdowns of social activities. While the goal of these restrictions was 
to restrict the spread of COVID-19, the altered human activities also, in some cases, 
greatly modified how humans interacted with freshwater resources. These altera-
tions in human activities have provided the opportunity for a natural global experi-
ment where humans’ relationships with the environment and the resilience of 
environmental systems to human activities can be assessed across large geographic 
regions.

J. H. Knouft



255

Human activities influence natural freshwater systems on all parts of the planet. 
When natural landscapes are transformed to agriculture or urban areas, surface run-
off washes excess nutrients, sediment, and contaminants into rivers and lakes, often 
degrading water quality and aquatic ecosystems. During 2020, social and economic 
activities were significantly curtailed in many parts of the world because of the 
COVID-19 pandemic. Industry, transportation, and human activity decreased dra-
matically during this time. This shutdown presented a unique opportunity to observe 
the resilience of freshwater systems to decreased perturbations from humans and a 
natural experiment that will likely not be fully understood until the pandemic 
has passed.

Although the major impacts of COVID-19 have only been felt since 2020, 
researchers are already investigating how changes in human activities associated 
with the pandemic have influenced natural freshwater systems. In Vembanad Lake, 
the longest lake in India, suspended particulate matter, which can indicate habitat 
degradation, decreased by up to 36% during the lockdown in the first quarter of 
2020 (Yunus et al., 2020). Liu et al. (2022) examined 21 water quality variables 
from 65 stations on rivers in eastern China, also during early 2020. While water 
quality improvements were seen across the sites in China, responses of various envi-
ronmental variables (e.g., nitrogen, dissolved oxygen, pH) were different across 
geographic space and time (Liu et al., 2022), suggesting the importance of local 
conditions on water resources. In the main branch of the Ganges River in eastern 
India, water quality improvements resulting in water reaching a potable level were 
evident at only one site among seven (Muduli et al., 2021). However, another study 
at multiple sites at the mouth of the Ganges River indicated dramatic increases in 
several water quality variables (Roy et al., 2021), suggesting the cumulative down-
stream effects of reduced human activities farther up in the watershed.

While improved surface water conditions associated with decreased human 
activities is a positive outcome of the COVID-19 pandemic, these types of responses 
are not consistent among regions and can provide insights into factors regulating 
regional disparities in freshwater resource quality. Wetz et  al. (2022) examined 
Pacific, Atlantic, and Gulf of Mexico coastal systems in the United States, investi-
gating whether reduced tourism would impact water quality. In most cases, 
decreased human activity did not result in significantly improved water quality 
compared to long-term pre-pandemic trends, although localized and ephemeral 
decreases in fecal indicator bacteria (enterococci) were evident in Gulf of Mexico 
coastal sites (Wetz et al., 2022). These results, when compared to less developed 
regions in India and regions in China with more stringent lockdowns, suggest the 
importance of robust water infrastructure and the degree of influence of human 
activities on water quality. In a more nuanced investigation, water pollution and 
human health risk decreased by up to 39% in the Zarjoub River in northern Iran 
during the lockdown (Haghnazar et al., 2022). Within these changes, the contribu-
tion of municipal wastewater to water pollution increased from 23% to 50%, while 
industrial effluents and solid waste contributions were reduced from 64% to 45%. 
Agricultural effluent and vehicular pollution were also reduced from 13% to 5% 
during the lockdown period compared to the post-lockdown period. These changes 
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in water quality can have direct impacts on humans, but also can result in cascading 
effects on freshwater ecosystems and the ecologically and economically important 
biodiversity occupying these systems.

�COVID-19, Freshwater Biodiversity, and Fisheries

Water quality is tightly related to freshwater ecosystem functioning and productiv-
ity, which provide the foundation supporting freshwater biodiversity. Improvements 
in water quality associated with altered human activities during the COVID-19 pan-
demic may provide positive benefits to freshwater species resulting in increased 
population sizes (Stokes et al., 2020; Cooke et al., 2021). Documenting the extent 
and duration of these potential responses will likely require several years because of 
the amount of effort required to effectively characterize overall species diversity 
across space and time in freshwater habitats. However, more immediate investiga-
tion of the relationships between social systems and freshwater fisheries is sup-
ported by significant infrastructure and baseline knowledge and has already provided 
a foundation for understanding interactions between the COVID-19 pandemic, 
social systems, and freshwater species.

Fisheries are a common and important way that people interact with freshwater 
biodiversity, with fisheries playing an important role in addressing several of the 
Sustainable Development Goals of the United Nations 2030 Sustainable 
Development Agenda (United Nations, 2020). Improvements in water quality and 
reductions in fishing effort and harvest associated with decreased human activities 
during COVID-19 lockdowns are suggested to positively impact fishery production 
(Cooke et al., 2021). Moreover, temporary reductions in irrigation and industrial 
water use may have benefited fisheries, particularly in temperate regions during 
early 2020 when fish reproduction is common. Detrimental impacts associated with 
COVID-19 are also possible (Stokes et al., 2020; Cooke et al., 2021). Increased and 
unregulated fishing pressure in areas where fisheries provide subsistence protein 
may result in decreases in fish abundance as well as elevated extinction risk to 
threatened species (Pinder et al., 2020), which are often of large size or abundant 
and have significant functional importance in freshwater ecosystems.

As with many aspects of the COVID-19 pandemic, the interactions between 
altered human activities and fisheries likely vary based on regional social and envi-
ronmental conditions. According to a global survey of fisheries managers, increases 
in local fishing pressure are expected in southeastern Asia and eastern Africa, which 
are presumably due to high unemployment rates resulting in increases in the need 
for local fisheries to provide subsistence protein (Stokes et al., 2020). In Australia, 
decreased fishing pressure is expected to result from fishing restrictions. Lockdowns 
and restrictions on indoor gatherings have also resulted in a shift to outdoor recre-
ational activities, particularly in North America, where retail sales of fishing equip-
ment and licenses have increased dramatically (e.g., Howarth et  al., 2021). This 
increased focus on outdoor recreational activities likely contributes to perceived 
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increases in fishing pressure (Stokes et al., 2020), yet whether this pressure results 
in negative impacts on fisheries is unclear, as dependence of North American resi-
dents on fisheries as a form of subsistence may vary based on local social and eco-
nomic conditions.

Although COVID-19 lockdowns and restricted social activities are relatively 
recent, evidence of the impacts of the pandemic on fisheries and consumption are 
starting to appear. In Kenya, residents around Lake Victoria are experiencing high 
fish prices and consuming less fish, likely because of reduced fishing and trading 
activities due to concerns about being infected with COVID-19 (Fiorella et  al., 
2021). During early 2020, as lockdowns and social restrictions were implemented 
in Kenya, the region experienced heavy rainfall and flooding, possibly associated 
with ongoing changes in climate. The apparent interaction between pandemic-
altered social activity and climate change had complex effects on the local fisheries 
and fish consumption. Livelihood losses resulted from reduced fishing efforts and 
limited trading; however, fish abundance improved due to reduced fishing effort and 
excess water supply (Aura et al., 2020). The catch, supply, and demand for fishes 
have also decreased in India, with fish harvests reduced by up to 44% during lock-
down periods and price increases reaching 40% relative to previous years (Das 
et al., 2022). Similarly, in Bangladesh, altered social activities related to the pan-
demic have altered the catch, supply, and trade of fishes and disrupted the fish farm-
ing season, which could have longer-term nutritional and economic effects (Sunny 
et al., 2021).

�Conclusions

The importance of access to clean water cannot be underestimated, as availability of 
this resource is at the core of social stability and human health. While access to 
clean water was a significant issue in many parts of the world before the appearance 
of COVID-19, residents of water-stressed regions have been particularly vulnerable 
during the pandemic because of limited ability to maintain necessary water-related 
hygiene practices as well as avoid close social interactions while traveling to collect 
clean water. Beyond direct impacts on humans, the COVID-19 pandemic has 
resulted in a range of responses from freshwater ecosystems. In many cases, water 
quality has improved during lockdowns due to reduced social and economic activi-
ties. The overall impacts of freshwater biodiversity are not clear, although post-
pandemic investigation of this issue may reveal significant outcomes related to 
altered human activity and improved water quality. The responses of freshwater 
fishery resources are apparently mixed, with assessment and prediction of these 
responses likely complicated by complex economic, social, and environmental con-
ditions in particular regions.

The full extent of the impacts of COVID-19 and associated modifications to 
society are still being realized and likely will not be fully appreciated until long 
after the pandemic ends. While the health and well-being of humans have rightly 
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been the primary focus during the pandemic, the opportunity to learn from the past 
2 years, and coming years, is enormous. Our ability to mobilize and respond to a 
global pandemic has been tested and we have seen the areas, both expected and 
unexpected, that can be improved. Access to clean water is of primary importance 
in the response to COVID-19 and likely any global pandemic. Ongoing changes in 
climate will add additional stresses to water resources around the world. The chal-
lenges faced during the COVID-19 pandemic of providing clean water and the 
implications of failing to provide clean water provide a framework and justification 
for further developing sustainable water resources.

Disclaimer  The views in this report are solely of the authors and do not represent those of the US 
government agencies or any of the organizations mentioned. Assumptions made within the analy-
sis are not a reflection of the position of any US government entity.
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Chapter 21
Preventing Pandemics: Earth Observations 
for One Health

Maya V. Mishra 

�Introduction

Somewhere in a cave in southern China, a colony of bats rustles and squeaks. The 
stone floor is coated in guano, or bat excrement, lending a musky scent to the air. 
Soon the bats will take flight for the evening, soaring through the sky in search of 
prey. During their nightly ranging, these bats will consume many insects, keeping 
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populations in check and therefore playing an important role in their ecosystems 
(Kunz et al., 2011). They also provide prey for avian raptors (Wu et al., 2019), and 
for humans, they possess commercial value for their role in traditional medicine 
(El-Sayed & Kamel, 2021).

Bats also have a hidden physiological talent: they can play host to a number of 
diseases, enabling them to spread pathogens to each other and to other creatures 
without becoming sick themselves (O’Shea et al., 2014). Unfortunately, this natural 
advantage also threatens human health: diseases can be transmitted to other animals 
through contact with the bats or their feces and can then make the leap to humans, 
sometimes to devastating worldwide effects (Wang & Eaton, 2007).

In our third year of the COVID-19 pandemic, many of us have become unexpect-
edly familiar with zoonotic diseases, those infections originating in animals. But we 
tend to lose sight of the broader context in which this pandemic emerged. The zoo-
notic origins of COVID-19 are not unique: about three-quarters of emerging dis-
eases newly recognized by epidemiologists can be traced to animals (Rabozzi et al., 
2012), and zoonoses make up 60% of the total number of infectious diseases affect-
ing humans (Meurens et al., 2021).

In the pandemic age, there is no need to overstate the necessity of monitoring 
disease emergence and investigating the factors that affect this process. Humanity’s 
increasing encroachment into the Earth’s wild places has brought people and live-
stock into a higher degree of contact with wildlife (Rabozzi et al., 2012). Diseases 
are therefore more likely to be transmitted from wildlife to domestic animals, where 
they then can make the jump to humans in an event known as a “"spillover” (Rabozzi 
et al., 2012).

However, we know much less about the specific conditions that influence disease 
spillovers. Studying disease emergence involves not only human factors, but also 
those concerning animals and the environment. These three areas are united through 
the framework of One Health. This term encompasses a way of approaching scien-
tific and legislative issues with an interdisciplinary perspective that recognizes the 
overlapping priorities of human, animal, and environmental health. Today, this 
approach has been institutionalized by such organizations as the United States’ 
Centers for Disease Control and Prevention (CDC), which has had a One Health 
Office since 2009 (One Health, 2021), and has been adopted as a key principle by 
others, including the World Organization for Animal Health (“One Health,” n.d.).

The One Health framework also clarifies the role of Earth observations (EO). 
EO, which encompass a wide range of data types on relevant environments and 
habitats worldwide, can be gathered via remote sensing by spaceborne satellites. 
The instruments aboard these satellites can collect data within each facet of One 
Health: on the human and animal side, they can track animal presence, land use 
change, and deforestation from space, identifying the areas in which humans or 
livestock might encounter wild animals. In terms of environmental health, satellites 
can assess ecosystem health through various imaging methods as well as gathering 
precipitation and climate data that govern where disease-transmitting species can 
occur. The National Aeronautics and Space Administration (NASA)’s fleet of satel-
lites has been collecting these and similar EO for years.
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In this chapter, I discuss uses of EO in a One Health framework to prevent dis-
ease spillover and reduce disease burden worldwide. The data enable three broad 
approaches that align with the three One Health areas: wildlife-based approaches, 
which center around the wild animals that carry disease; environment-based 
approaches, which focus on climate and habitat variables that dictate where species 
may occur; and human-based approaches, which track human impacts on wild areas 
and assess the risk of spillover. Critically, all of these categories can be integrated 
with other interdisciplinary forms of data—including social, economic, and politi-
cal information—to succeed in preventing disease. I conclude by discussing past 
examples of EO use to predict and prevent disease through a One Health framework 
and emphasize how preventative measures must address causes, rather than symp-
toms, of relevant human behaviors in order to avert disease emergence and 
decrease burden.

Innovative combinations of EO data have the potential to decrease the burden of 
existing diseases as well as to assess the risk of spillover events in time and space. 
If we can predict where and when spillovers are likely to occur, we can take steps to 
prevent them. As the COVID-19 pandemic has emphasized, informed preventative 
measures—enabled by Earth observations—could save millions of lives from dis-
ease and death.

�Wildlife-Based Approaches

Zoonotic diseases, by definition, have animal hosts, or reservoir species, in which 
the pathogens circulate. Aquatic birds are the reservoir for influenza (Parrish et al., 
n.d.); SARS, and likely COVID-19, has their reservoir in bats (Li et  al., 2005). 
Reservoirs are part of the reason that zoonotic diseases are so difficult to eliminate: 
even if cases in humans can be significantly reduced—a difficult task in itself—
future interactions between humans and the host species could facilitate new spill-
overs of the pathogen, leading to additional outbreaks.

It is therefore critical to investigate where these reservoir species are located, as 
well as any movements and behaviors that may bring them into close contact with 
humans. To this end, EO provide invaluable insight that can be paired with in situ 
data for more comprehensive wildlife tracking. A plethora of innovative combina-
tions of data are available to inform future efforts to decrease potentially disease-
spreading human-wildlife interactions by promoting conservation, benefiting both 
humans and other species.

The keystone of wildlife-based approaches to preventing disease is spatial track-
ing data on the reservoir species themselves. In the past, radio trackers required 
researchers to carry an antenna and monitor the creature of interest on foot or in a 
vehicle or aircraft, requiring significant time and energy investments (Robertson 
et al., 2012). Satellites have streamlined this process, allowing scientists to collect 
larger quantities of accurate location data without spending long hours in the field.
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GPS trackers placed on individual creatures rely on orbiting satellites to deliver 
location data to scientists. While one might envision the classic large collar on an 
elephant or lion, researchers worldwide are collaborating through the International 
Cooperation for Animal Research Using Space (Icarus) to tag and track smaller 
animals using a satellite-based system (About Icarus, n.d.). Icarus’ focal species 
include a number of reservoir taxa, including birds and bats. Animals can be tracked 
in real time, with the data routed to Movebank, an open-access database (Kranstauber 
et al., 2011; The Internet of Animals, n.d.). Icarus and other similar initiatives can 
provide platforms for forecasting movement and migration patterns to reduce 
human-wildlife contact, therefore also lessening the risk of a spillover event.

Direct tracking data can be supplemented with other spatial data to paint a clearer 
picture of species presence, abundance, and behavior. Camera trapping data can be 
used to estimate the abundance of reservoir species individuals in a set area. The 
Wildlife Insights database represents one such collaboration in the field, containing 
over 22 million camera trap images analyzed by artificial intelligence, which can 
provide data on species presence and abundance around the world (Wildlife 
Insights, n.d.).

Citizen science data can also be used to monitor species locations and distribu-
tions, through widely accessible phone applications such as iNaturalist (iNaturalist, 
n.d.) and eBird (eBird Science, n.d.). Anyone may submit species sightings, which 
provide large and spatially far-ranging datasets to scientists. While the quality of 
these data can vary, citizen science can provide an important supplement to other 
data sources. By tracking which species have been observed by people in different 
locations, it can also provide insight, if not an exact measure, of the degree of 
human-wildlife interaction, which could inform estimates of spillover risk.

Knowing where reservoir species are located is critical information to preventing 
spillover events. However, as suggested by the One Health framework, species dis-
tributions must be integrated with human population characteristics in order to 
accurately assess and mitigate the risk of disease transmission.

�Environment-Based Approaches

All species have specific environmental requirements to persist long-term in their 
habitats—they can only survive in certain temperature ranges, for example, or they 
might require particular levels of rainfall. As climate change increases temperatures 
around the world, affecting seasons and weather patterns, the geographic ranges in 
which species can exist are also changing (Lippi et al., 2019). Mapping key environ-
mental variables allow us to project the future range shifts of key species in order to 
determine populations at risk. The environmental variables observed by satellites, 
including temperature, rainfall, and land cover type, are critical to projecting where 
and when species will exist, in turn contributing to predictions of where disease may 
emerge. This allows preventative measures to be deployed to get ahead of outbreaks 
and manage risk.
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Thus far, this work has largely been conducted with insect vectors of disease, 
such as mosquitoes (Lippi et al., 2019), ticks (Slatculescu et al., 2020), and flies 
(Moore & Messina, 2010). These vectors carry many known diseases, including 
malaria, Lyme disease, and sleeping sickness, and previously unknown illnesses are 
emerging at a rapid rate (Bartlow et al., 2019). The World Health Organization esti-
mates that vector-borne diseases cause over 700,000 deaths globally each year, with 
cases well into the hundreds of millions (Vector-Borne Diseases, n.d.).

Mosquitoes are colloquially known as the world’s deadliest animal, causing 
between 700,000 and 2.5 million deaths every year (Kamerow, 2014). Different spe-
cies of mosquito carry a number of zoonotic pathogens, the deadliest being malaria, 
which is carried by Anopheles mosquitoes (CDC, 2020): half the world’s population 
lives at risk of the disease (Kamerow, 2014). Other species of mosquito harbor yel-
low fever, Zika, and West Nile virus, among others (Avŝiĉ-Zupanc, 2013). These 
diseases’ high burden makes tracking mosquito abundance and distribution critical 
to preventing significant morbidity and mortality.

Because of the temperature and rainfall dependence of mosquitoes’ life cycles, 
the highest burden of mosquito-borne disease cases occurs in warm, tropical areas 
where the insect can reproduce and cause infection year-round (Le et al., 2019). 
Mosquito forecasting based on temperature and precipitation variables has become 
an important tool, especially in areas that experience this increased burden. EO 
provide consistent and accurate data to drive these models (Chuang et al., 2012), 
with variables such as vegetation density and water content measured by the Landsat 
and Sentinel satellites (Tsantalidou et al., 2021). Predictions of mosquito density 
allow public health institutions to roll out preventative measures, including public 
awareness campaigns and insecticidal efforts (Giordano et al., 2018).

In a similar manner, tick abundance can also be predicted using EO. Ticks are 
another significant contributor to the overall vector-borne disease burden world-
wide, carrying Lyme disease, tick-borne encephalitis, and other illnesses (Slatculescu 
et  al., 2020). For ticks, evaluating a combination of climate variables as well as 
habitat suitability in terms of land cover and use is necessary to determining where 
these species may establish in our changing world (Slatculescu et al., 2020). Past 
studies have relied on satellites for these data, including Landsat for land cover 
imagery (Slatculescu et al., 2020) as well as Terra’s Moderate Resolution Imaging 
Spectroradiometer (MODIS) for the normalized difference vegetation index 
(NDVI), or “greenness,” of plant matter (Da Re et al., 2019). Tick species distribu-
tion models predict that warming temperatures will significantly increase the abun-
dance of ticks in northern areas, which previously had low burdens of insect presence 
and consequently tick-borne illness (Sagurova et al., n.d.; Slatculescu et al., 2020). 
With science providing a foundation for proactive management, these areas can now 
prepare for heightened tick presence with campaigns to educate the public on tick-
safe behavior and make healthcare providers aware of the risk.

Ticks and mosquitoes are two of the most widely studied insect vectors, but the 
principles of climate and habitat discussed here can also be applied to other species, 
including the tsetse fly, which carries sleeping sickness (Moore & Messina, 2010), 
and the kissing bug, which transmits Chagas disease (Klotz et  al., 2014). Vector 
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ranges are predicted to shift and expand with our changing climate (Bartlow et al., 
2019), and EO data can be employed to train models and predict these shifts under 
various future climate scenarios. For the communities projected to be at a height-
ened risk of disease burden, these studies have and will provide a critical head start 
on disease prevention.

While species distribution modeling for health-related purposes has historically 
been applied largely to insect species, it can also be used to an extent for mamma-
lian and avian reservoir species. Variations in climate or ecosystem structure can 
affect habitat use, migration patterns, and other relevant animal behaviors, and these 
key factors can in turn affect the degree of human contact with species that could 
spread disease.

�Human-Based Approaches

In a final application of the One Health framework, measuring the presence and 
effects of humans on wildlife habitat is especially critical to determining disease 
risk. Human activities, including logging, agriculture, and construction, among oth-
ers, have increasingly encroached on the habitats of many species. These endeavors 
increase the likelihood of human-animal contact that may lead to a spillover event 
in two main ways. First, the people conducting these activities spend a large amount 
of time in largely intact natural habitat, increasing the chance they may encounter 
wildlife. Additionally, there is evidence across multiple reservoir taxa and study 
systems to suggest that when habitat is fragmented or destroyed, disease transmis-
sion from wildlife increases (Goldberg et al., 2008; Plowright et al., 2011; Suzán 
et al., 2008). This makes it more likely that people living and working in these areas 
will not only encounter wildlife, but also that this wildlife will be carrying and 
transmitting disease.

EO have long been used to visualize habitat degradation, including tracking 
deforestation with Landsat imagery (Souza et al., 2013) and wildfire effects with 
instruments aboard the Suomi National Polar-orbiting Partnership (NPP) satellite 
(Ba et al., 2020). EO can also provide data on human encroachment by measuring 
urban expansion with MODIS (Mertes et al., 2015) as well as land use change for 
agricultural intensification, again with Landsat (Kontgis et al., 2015). These data 
can all inform integrated models of spillover risk that incorporate human, animal, 
and environmental factors.

A concrete example of the potential for data integration and intervention across 
the fields of One Health to prevent disease involves logging. Logging activity, aside 
from destroying habitat, involves many individuals spending a large amount of time 
in forests, and many loggers hunt bushmeat for supplemental income and food 
(Poulsen et al., 2009). This latter activity unsustainably decreases wildlife popula-
tions (Poulsen et al., 2009) and poses a high risk of spillover (Schilling et al., 2020), 
as hunters come into close contact with the animal’s bodily fluids, facilitating dis-
ease transmission. Maps of logging activity combined with species distributions can 
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therefore be used to evaluate the risk of encountering reservoir species and advise 
loggers accordingly. EO can contribute to both of these parts: as previously dis-
cussed, wildlife can be directly tracked or modeled using climate and habitat data, 
and logging roads and forest degradation can be mapped using LiDAR data (Affek 
et  al., 2017), which can be obtained from the Global Ecosystem Dynamics 
Investigation (GEDI) instrument orbiting aboard the International Space Station 
(Rangel Pinagé et al., 2019).

Besides affecting habitat, the indirect effects of humans on wildlife could alter 
the risk of disease spillover. For instance, artificial nightlight from human electricity 
use has been shown to alter the activity patterns and behaviors of birds and bats 
(Sanders et al., 2021), which could change the degree of potential human exposure 
and contact with these reservoirs. Nightlight can be measured with Suomi NPP’s 
Visible Infrared Imaging Radiometer Suite (VIIRS) and can be integrated with ani-
mal tracking data (Ditmer et al., 2021) for a comprehensive look at behavior change 
and possible risks. The same principles can be applied to other indirect human 
effects, such as noise pollution.

The human side of the One Health trio is the one over which we have the most 
control: through innovative scientific investigation, we can track how our behaviors 
and policies with regards to nature affect our own health. Integrating human data 
from varied and diverse sources with those on animals and the environment is criti-
cal to creating policies and campaigns to prevent disease emergence and spread.

�Discussion

Even in the most densely populated cities, humans are deeply intertwined with the 
natural world in a rich and beautiful web. When we tug on one strand, the reverbera-
tions echo in directions we might not expect. Cutting down trees for timber might 
fulfill an economic need, but will also destroy habitat, driving reservoir species 
closer to humans and livestock and increasing the risk of disease transmission. The 
decisions we make in our stewardship of the natural world are critical to not only 
animal and environmental health, but also human health.

Earth observations can play a key role in this mission—from tracking individuals 
within reservoir species, to contributing climate data to species distribution models, 
to measuring human presence and expansion, satellites have become a critical 
source of information. EO data can be combined across these different fields to bet-
ter estimate the disease burden and risk of spillover. This will allow us to employ 
preventative measures and hopefully avoid the next global pandemic.

While the number of these interdisciplinary projects is still small, there are sev-
eral past examples of disease prevention projects that combine data across the areas 
of One Health. EO played a crucial role in an avian influenza early warning system, 
which was developed as a collaborative project between scientists at NASA, the US 
Department of Agriculture, and the Department of Defense (Avian Influenza Early 
Warning System: Using NASA Data to Predict Pandemics, 2010). Avian influenza 
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has unique spillover potential, as it is spread by highly mobile waterbirds, which 
can transmit the virus to flocks of domestic fowl (Avian Influenza Early Warning 
System, 2010). It can then more easily make the jump to human farmers, where it 
can cause severe illness: death rates between strains range from 2.5% to 50% (Skeik 
& Jabr, 2008).

The NASA models projected influenza outbreaks in time and space, relying on a 
comprehensive combination of data (Avian Influenza Early Warning System, 2010). 
Climate variables, including temperature, rainfall, radiance, and NDVI, were 
obtained from NASA satellites and integrated with maps of migratory flyways, spe-
cies prevalence data, and local socioeconomic conditions to create a weekly fore-
cast of illness (Avian Influenza Early Warning System, 2010). This type of 
interdisciplinary scientific work, which touches on each of the three One Health 
fields, will be critical in the future to avert possible pandemics. The framework of 
this system can hopefully be expanded to other zoonotic diseases in the future, such 
as those carried by bats, another highly mobile species.

Attempts to elucidate the social and environmental conditions surrounding spill-
over events are similarly critical to preventing future disease outbreaks. This work 
has been conducted with Ebolaviruses, which are thought to have their reservoirs in 
bats; confirmed spillovers were found to be associated with locations around forest 
edges and contact with bushmeat, with different strains exhibiting different charac-
teristics (Judson et  al., 2016). EO have also been employed in this space, with 
Landsat imagery supporting an association of Ebola outbreaks with human-intruded 
tropical forest areas (Tucker et al., 2002). Spillovers of Hendra virus (McFarlane 
et al., 2011), Nipah virus (McKee et al., 2021), and human monkeypox (Fuller et al., 
2011) have also been associated through EO and other data with various environ-
mental, human, and wildlife variables. This type of analysis, if applied more widely 
to known zoonoses, can be used to create spillover forecasts, warning people of the 
risk and therefore decreasing the likelihood of disease occurrence.

As the One Health space continues to grow and evolve, new combinations of data 
will lend us yet more insight on how we can predict and prevent disease. However, 
the results then need to be applied through policy and public education in order to 
be effective. To date, studies have emphasized that human-driven climate change 
and habitat destruction are not only devastating ecosystems, but also putting our 
own health at risk by increasing the burden of disease and the probability of spill-
over. Worldwide, we must reframe how we look at the natural world, transitioning 
from a lens of exploitation to one of conservation and value. This should be reflected 
in legislation and funding on local, national, and international scales.

The COVID-19 pandemic has also underscored just how interconnected humans 
are as well. Disease proliferation anywhere is a threat to people everywhere on 
Earth and, therefore, the ethos of collaboration across borders and disciplines that 
has arisen during the pandemic should continue to be supported after we emerge. 
This is facilitated by databases like Movebank and Wildlife Insights, which make 
data widely available to scientists around the world. Investigations that focus on 
human-animal interaction will also need to incorporate social, political, and 
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economic data to a higher degree in order to more fully depict the complexities of 
human society—and this will necessitate changes beyond the scientific.

For instance, simply legislating against hunting bushmeat is not a feasible mech-
anism to reduce the risk of spillover that accompanies it. Not only have attempts to 
eliminate the practice without significant control measures been ineffective in the 
past (Schilling et al., 2020) but this approach harms communities that rely on bush-
meat for subsistence (Brashares et al., 2011), rather than targeting the trade driven 
by higher-wealth areas that accounts for more of the overhunting and thus the spill-
over risk. Researchers must investigate what drives hunters to ply their trade, and 
legislators must pick up the mantle of addressing the roots of the issue (which are 
generally economic) rather than the symptoms. These principles apply to many of 
the human-animal interactions that may facilitate spillover events, including log-
ging, agriculture, and construction in wild areas.

No one area of science is sufficient to predict and prevent zoonotic disease emer-
gence and burden worldwide, just as no single government or organization can com-
pletely eliminate risk through legislation. In order to prevent the next pandemic, we 
must look beyond the boundaries of disciplines and nations, combining data and 
collaborating to protect the health of people, animals, and the environment worldwide.
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Personal Story
When the pandemic struck, both Ashley Pierce and Amanda Shores were tran-
sitioning into the realm of science policy and funding as AAAS Science & 
Technology Policy  (S&TP) Fellows at the National Science Foundation. 
Ashley was 6 months into the fellowship and Amanda was going through the 
fellowship interview process while teaching at Colorado State University 
when lockdown commenced in the United States. The transition to at-home 
work was stark; Ashley had just finished a two-day in-person review panel in 
the NSF building in Alexandria, VA, not realizing it would be the last time she 
would enter the building for 8 months. Amanda had just sent her two classes 
off to spring break not realizing it would be the last time she saw her students 
in person that semester and before she started her fellowship. Instead of the 
intense, week-long interview process in DC that historically was the rave 
experience for potential AAAS S&TP fellows, Amanda and the other inter-
viewing fellows learned about potential fellowship opportunities over numer-
ous zoom meetings. At NSF, Ashley was busy collecting and tracking all the 
data (COVID-19 research inquiries and their outcomes) coming into the 
Engineering Directorate and coordinating and analyzing all of NSF’s 
COVID-19 RAPID data collection. This required tracking thousands of inqui-
ries for RAPID research that came into NSF, helping respond to and direct 
inquiries to the correct program at NSF and analyzing the outcomes of these 
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�Introduction

This chapter explores the role of the US National Science Foundation (NSF) in sup-
porting accelerated research in times of urgent need, with a look at the recent history 
of disruptors, including the COVID-19 pandemic. The NSF supports 27% of the 
United States’ total federal budget for basic research and provides the majority of 
support for social science research (National Science Foundation, 2021b). At the 
time this chapter was written, the NSF was organized into seven Directorates, which 
broadly correspond to general scientific disciplines, in addition to the Office of the 
Director (OD) which manages special funding programs that are new or do not fit in 
a specific Directorate  (the new  Technology, Innovation and Partnerships (TIP) 
Directorate launched in 2022). However, many topics, including COVID-19, cross 
both disciplines and geographies and, thus, COVID-19 projects are funded by all 
Directorates and by the OD. Congress appropriated USD 75 million directly to NSF 
to support research on COVID-19 through the Coronavirus Aid, Relief, and 
Economic Security (CARES) Act (2020) allowing NSF to support more projects 
than awarded in a typical fiscal year (National Science Foundation, 2020a). Inquiries 
to NSF from the research community for funding for COVID-19-related research 
began in January 2020, before the scientific name of SARS-CoV-2 had been estab-
lished, and the first NSF-funded research officially began March 1, 2020. To shed 
light on how the research community and the NSF respond to urgent research needs 
we (1) evaluate 10 years of NSF Rapid Response Research (RAPID) funding and 
Dear Colleague Letters (DCLs) that highlight RAPID research opportunities, (2) 
conduct a broad characterization of COVID-19 research supported across NSF 
Directorates through RAPID and other funding mechanisms in fiscal year (FY) 
2020, and (3) spotlight COVID-19 projects that demonstrate the inter-/transdisci-
plinary and spatial approaches necessary to understand and alleviate societal chal-
lenges related to the pandemic.

inquiries. When Amanda started her fellowship at NSF, she was interested in 
how funding was used to support research addressing the pandemic and 
reached out to Ashley as the person who made a critical impact in tracking 
such projects. Working together, they developed this chapter to present a qual-
itative analysis of COVID-19 research funded at NSF for FY 2020. While 
Amanda has still never entered the NSF building, working with Ashley gave 
her a sense of connection to NSF and the people there. It has been an incred-
ible experience to, in a small way, help respond to a global pandemic and 
heartening to regularly read about NSF-funded researchers in the news who 
are helping to better understand COVID-19. Ashley Pierce and Amanda Shores
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�History and Evolution of RAPIDs

RAPIDs are a unique NSF funding mechanism that enable the agency to support 
research with a severe urgency regarding availability of or access to data, facilities, 
or specialized equipment, particularly during unanticipated events, such as natural 
or anthropogenic disasters (National Science Foundation, 2021a). The award mech-
anism preceding RAPIDs was the Small Grants for Exploratory Research (SGER) 
funding, which was introduced in 1989 and provided support at any time up to USD 
200k for up to 2 years (McCullough, 2007). During an interview, Dennis Wenger 
explained based on his prior experience as Program Director for Infrastructure 
Systems Management and Extreme Events at NSF, SGERs were first awarded to 
researchers in 2001 to study the impacts from the September 11th attacks on the 
World Trade Center in New York City and the US Pentagon in Virginia. However, 
there was no coordinated call for SGERs on a specific topic until 2005 when the first 
DCL for rapid research called for SGERs focused on Hurricane Katrina (Wenger, 
2021 & Institute of Medicine, 2015).

In 2009, SGERs were reconceptualized into both RAPIDs and EArly-concept 
grants for Exploratory Research (EAGERs), distinguishing between the need for 
urgent research during disruptive events and potentially transformative, early-stage 
research for promising, untested, exploratory ideas. EAGERs support proposals up 
to USD 300k for 2 years and can be requested at any time. RAPID funding can also 
be requested at any time and can provide up to USD 200k for up to 1 year. Both 
EAGER and RAPID proposals may be reviewed internally, though program officers 
may obtain external review as needed. Both RAPIDs and EAGERs require an initial 
email explaining the research to the relevant funding program at NSF and undergo 
an initial internal vetting before researchers are invited to submit a full proposal. 
This unique process allows for a shorter time (1–5 weeks) between submission of a 
proposal and fund disbursement compared to 6  months on average for standard 
research grants at the NSF or 3–20 months depending on the grant mechanism at the 
National Institutes of Health research grants (National Science Foundation, 2021a; 
Office of Budget, Finance and Award Management, 2021; and National Institutes of 
Health, 2020). The fast response rate of the NSF’s RAPID mechanism provided an 
important first response to the pandemic.

�Approach

Annual reports on the NSF Merit Review Process were used to examine funding of 
RAPID proposals from FY 2010 to 2019, where a fiscal year starts October 1 and 
ends September 30. The Merit Review report for FY 2020 RAPID funding had not 
been published at the time of writing this chapter and is not included here. The nsf.
gov database search engine was used to identify all NSF-funded COVID-19 proj-
ects in FY 2020 and to capture all DCLs directing researchers towards RAPID 
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funding from FY 2010 to 2020. COVID-19 awards were included in this analysis if 
the funded project was focused on understanding the virus and/or the impacts of the 
pandemic. Projects tangentially related to COVID-19 (e.g., projects for which the 
award abstract mentions COVID-19 but that do not directly address the virus or 
impacts from the pandemic) were considered beyond the scope of this analysis. The 
authors divided unique funded projects into research categories. Projects that dem-
onstrated the social, transdisciplinary, and geospatial nature of addressing the pan-
demic are highlighted and described based on information gathered 
through interviews with the researchers, publications, websites, and publicly avail-
able abstracts.

�Findings

�RAPID DCL History

DCLs are one way in which NSF directs researchers to research topics of interest, 
communicating opportunities in one or multiple Directorates or offices for potential 
funding. Though DCLs are not used in all circumstances for various reasons, in 
some critical circumstances, DCLs are used to direct researchers towards RAPID 
research (here referred to as RAPID DCLs, Fig. 22.1). Publishing a RAPID DCL is 
an action employed in special situations as a communication tool and has been used 
a total of 14 times from FY 2010 to FY 2020 (Fig. 22.1). While six of the 14 DCLs 
called only for RAPID research proposals, the other eight called for a variety of 
funding mechanisms in addition to RAPIDs, including programmatic proposals, 
EAGERS, and supplemental funding to ongoing research. In all, there were 11 
RAPID DCLs during this time focusing on natural crises, which can be further bro-
ken down into categories of disease (five, including two on COVID-19 in FY 2020), 
earthquakes (three), and hurricanes (three). The other three RAPID DCLs focused 
on man-made challenges (two focused on oil spills and one on nanoplastics). The 
first RAPID DCL that focused on disease before the COVID-19 pandemic addressed 
Ebola in 2015. The 14 DCLs called for research spanning large geographic areas 
from regions within a country to global. Across these 14 DCLs that include RAPID 
research, six had participation from all of the NSF Directorates and ten had partici-
pation from at least two NSF Directorates. The participation of multiple Directorates 
likely indicates that topics span multiple disciplines.

FY 2020 was an anomalous year compared to FY 2010–2019 regarding RAPID 
funding trends (Fig. 22.1). The previous maximum number of RAPID awards was 
nearly 300 in FY 2010, coinciding with the previous maximum number of RAPID 
DCLs in a year  (three). In FY 2020, 880 RAPID proposals were funded, 805 of 
which focused on COVID-19. The additional USD 75  million appropriated by 
Congress in the CARES Act to address COVID-19 allowed the NSF to fund more 
RAPIDs and EAGERs on this topic than would have been possible otherwise. Prior 
to this, the most recent instance of money being appropriated for NSF outside of the 
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Fig. 22.1  Timeline of NSF DCLs that direct researchers to RAPID (RAPID DCL) research pub-
lished during FY 2010–2020 including October 1, 2020, from FY 2021. The breakout box displays 
a summary of the total number of RAPID awards, the mean number of awards funded per year, and 
the mean award amount for FY 2010–2019. Summary numbers are generated from Merit Review 
Reports for FY 2010–2019. Multiple DCLs on a specific topic address different aspects of 
importance
*The DCL issued by the Division of Industrial Innovation and Partnerships (IIP) in the Engineering 
Directorate did not call for RAPID research and is not included in this figure

normal budget cycle was the 2009 American Recovery and Reinvestment Act 
(ARRA) following the Great Recession of 2008 (National Science Foundation, 2014).

�COVID-19 DCLs

Three DCLs focused on COVID-19 research were released by the NSF in FY 2020, 
with two being RAPID DCLs. On March 5, 2020, the first COVID-19-related, NSF-
wide DCL was published calling for nonmedical, non-clinical-care research proposals 
to understand the spread of COVID-19, to educate on virus transmission and preven-
tion, and to encourage processes and actions to address COVID-19, including stan-
dard and RAPID research opportunities (National Science Foundation, 2020b). The 
Office of Advanced Cyberinfrastructure (OAC) in the Directorate for Computer and 
Information Science and Engineering (CISE) released the next COVID-19 DCL call-
ing for projects that addressed COVID-19 challenges through data and/or software 
infrastructure development through RAPID and supplemental funding to ongoing 
research (National Science Foundation, 2020c). The third DCL focused on COVID-19 
was issued by the Directorate for Engineering’s Division of Industrial Innovation and 
Partnerships (IIP) and focused on non-RAPID seed funding for US-based small 
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businesses to develop and deploy new technologies, products, processes, and services 
(National Science Foundation, 2020d). Funding continued in FY 2021 as illustrated 
by a COVID-19 DCL published by the Office of International Science and Engineering 
(OISE) in the Office of the Director (OD) in October 2020 which directed researchers 
to explore the impacts of COVID-19 and improve international cooperation in light of 
the disruptions caused by the pandemic through RAPID and EAGER funding 
(National Science Foundation, 2020e). Thus, a total of four DCLs focused on 
COVID-19 were released (including the DCL published in FY 2021); however, the 
DCL released by IIP did not provide support for RAPID proposals.

�Summary Across All NSF-Supported COVID-19 Research

There were 991 COVID-19-related projects supported in FY 2020 by the NSF, 
resulting in about USD 162.4 million in distributed funding. These awards were 
supported through RAPIDs, EAGERs, and other funding mechanisms. Some of 
these awards were collaborative, meaning multiple awards were made to different 
researchers working together on the same project. After condensing the collabora-
tive awards with their lead project, there were 859 unique projects funded to address 
the COVID-19 pandemic in FY 2020, the focus of the next section. In FY 2020, 
NSF-supported COVID-19 research focused on fundamental research to understand 
the virus and predict spread, develop novel ways to address and mitigate the spread 
of the virus, and understand the impacts of the pandemic on society, vulnerable 
communities, and built and natural environments. COVID-19 research projects 
were categorized by the authors into 11 research topics: (1) biology of the virus and 
zoonosis; (2) human infection, viral detection, and antiviral designs; (3) transmis-
sion, contact tracing, and epidemiological modeling; (4) effects on and tools for 
healthcare and health outcomes; (5) impacts of human distancing behavior; (6) pub-
lic policy and decision-making; (7) risk perception and behavior; (8) information 
access and misinformation; (9) supply chain and food security; (10) education and 
online instruction; and (11) impacts on ecosystems, environment, and infrastruc-
ture. Categories such as biology of the virus tended to be narrower in scope, and 
other categories such as impacts on ecosystems, environment, and infrastructure 
and risk perception and behavior were broader (Fig. 22.2). Nearly a quarter (23%) 
of all funded projects fell within the human infection, viral detection, and antiviral 
design category, followed by transmission, contact tracing, and epidemiological 
modeling (16%), human distancing behavior (12%), and effects on and tools for 
healthcare and health outcomes (11%).

Based on a simple text search for “geospatial” and “gis,” research that utilized 
geospatial approaches and perspectives were found across 9 of the 11 categories, 
with many of these projects falling within the transmission, contact tracing, and 
epidemiological modeling category, public policy and decision-making category, 
and human distancing behavior category. Each NSF Directorate tended to make 
awards across many of the 11 categories, indicating a cross-disciplinary approach 
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Category Project Examples

Biology of the virus and
zoonosis (n=68)

Using CRISPR to understand zoonotic transmission of the virus (Project ID: 2032072)
Understanding the structure and binding of the SARS -CoV-2 Spike Protein (Project ID: 2028803)
Understanding immunity in bats, natural coronavirus reservoirs (Project ID: 2032157)

Human infection, viral
detection, and antiviral
designs (n=200)

Role of mucus in virus pathogenesis (Project ID: 20330465)
Sensors for detecting the virus in the air (Project ID: 2031142)

identifying antimicrobial coatings for high touch surfaces (Project ID: 2040273)

Transmission, contact
tracing, and epidemiological
modeling (n=141)

Viral movement, transfer, and persistence of COVID-19 in droplets, aerosols, and surfaces (Project ID: 2027306)
Privacy-preserving contact tracing (Project ID: 2027647)
Developing indicators of real-time spread of COVID-19 using municipal wastewater samples (Project ID: 2027679)

Effects on and tools for
healthcare and health
outcomes (n=95)

Contact-free healthcare with video sensing (Project ID: 2030502)
Used face mask disinfection to increase access to face masks during supply limits (Project ID: 2031223)
Social interactions and health outcomes during the pandemic (Project ID: 2030074)

Impacts of human distancing
behavior (n=105)

Social vulnerabilities and impacts of concurrent weather hazards and COVID-19 (Project ID: 2029918)
Health and socioeconomic well-being of minorities in rural meatpacking communities (Project ID: 2033920)
Stay-at-home attitudes and impacts on the pandemic (Project ID: 2031095)

Public policy and decision
making (n=51)

Accelerated prison release dates on crime and COVID-19 transmission (Project ID: 2029890)
Effects of crises on public perception of the rule of law (Project ID: 2027653)
Ethical implications of policy changes during a pandemic (Project ID: 2032752)

Risk perception and
behavior (n=44)

Risk perception in response to social distancing (Project ID: 2028412)
Behavior, perception, and policies across geographic and economic gradients (Project ID: 2028297)
Factors that affect understanding the risks of COVID -19 (Project ID: 2027822)

Information access and
misinformation (n=22)

Information access and practices to reduce the spread of COVID-19 in low-income areas (Project ID: 2027470)
How misinforma�on spreads (Project ID: 2031768)
Improving information spread to vulnerable populations (Project ID: 2029880)

Education and online
instruction (n=75)

Addressing Impacts of remote learning and equity in remote STEM teaching (Project ID: 2029642)
Faculty adaptability and community engagement when teaching in a crisis (Project ID: 2027471)
Impacts of unprecedented shift to online learning on students’ cognitive load (Project ID: 2027637)

Supply chain and food
security (n = 21)

Supply chains for medical and personal protective equipment (Project ID: 2027927)
Food production, supply, and security (Project ID: 2032065)
Online platforms matching supply and demand of medical equipment (Project ID: 2029072)

Impacts on ecosystems,
environment, and
infrastructure (n=37)

Impact of ship noise reduction on whale health (Project ID: 2032896) Stream water quality (Project ID: 2031614)
Impacts of stay-at-home orders on mobile networks (Project ID: 2027650)
Impacts of stay-at-home orders on building plumbing (Project ID: 2027049)

Fig. 22.2  Summary of unique COVID-19 projects (n = 859) by research topic (y-axis) and by 
Directorate and the Office of the Director (OD) at the NSF (x-axis)

from Directorates to address COVID-19 research questions. The Engineering 
(ENG), Social, Behavioral, and Economic Sciences (SBE), and Computer and 
Information Science and Engineering (CISE) Directorates spanned the broadest 
range of COVID-19-related research categories (Fig.  22.2), while Directorates 
including Biological Sciences (BIO), Mathematics and Physical Sciences (MPS), 
Education and Human Resources (EHR), and Geosciences (GEO) tended to fund 
projects that fell in select categories. The research categories that received funding 
from the most Directorates included the education and online instruction category; 
the transmission, contact tracing, and epidemiological modeling category; the 
impacts of human distancing behavior category; and the human infection, viral 
detection, and antiviral design category.

�Research Highlights

COVID-19 projects that demonstrate the inter-/transdisciplinary and spatial 
approaches necessary to understand and alleviate societal challenges related to the 
pandemic are highlighted in the following sections.

�Highlights from COVID-19 RAPID Response Projects

RAPID funding was the primary funding mechanism for COVID-19 in FY 2020 
due to the ephemeral nature of pandemic impacts and response and the need to 
quickly allocate funds to initiate research. Of the 859 unique projects, 702 were 
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funded as RAPIDs. One such RAPID project (project ID: 2035161) within the sup-
ply chain and food security category (Fig. 22.2), supported through the NSF Office 
of Polar Programs in the Geosciences Directorate, evaluated how COVID-19 has 
impacted access to food and traditional food knowledge (Duncombe, 2021). This 
work was conducted by Dr. Stephanie Carroll (Ahtna) and her team at the University 
of Arizona Native Nations Institute and the University of Colorado. This team is 
part of a larger Research Coordinating Network (project ID: 1745499) supported by 
the NSF working on food security obstacles faced by Indigenous communities in 
the Arctic and the US southwest, which allowed the team to quickly pivot to address 
the pandemic. The team is coproducing knowledge with Indigenous research part-
ners using participatory, community-driven approaches. The goal of this research is 
to identify methods for enhancing food-system resilience when these communities 
are faced with crises and illustrates the importance of having teams with established 
networks of trust in place before a crisis occurs.

Within the impact on ecosystems, environment, and infrastructure category, 
research on green-space usage during the pandemic was supported by the Division 
of Chemical, Bioengineering, Environmental, and Transport Systems in the 
Engineering Directorate. A project led by Dr. Franco Montalto at Drexel University 
(project ID: 2027600) supported citizen scientists to use digital technology to 
observe different behaviors in parks, aiming to understand use of the park by the 
community, the impacts on vulnerable unhoused populations, and the park’s poten-
tial as a pathway for transmission. The team also evaluated if residents could be 
quickly mobilized during crisis situations to aid in data collection.

Within the education and online instruction category, Dr. Laura Rademacher at 
the University of the Pacific, Stockton, and team led a collective action to share 
expertise and activities for distanced-based geological learning to address the gap in 
field-based opportunities (project ID: 2029920). This effort used a variety of geo-
spatial tools as a pathway to provide virtual experiential learning experiences for 
students.

Falling within the transmission, contact tracing, and epidemiological modeling 
category, Dr. Tyler Radniecki and team at Oregon State University focused on spa-
tial sampling of SARS-CoV-2 RNA in sewage and stormwater (project ID: 
2027679). This information was combined with other geospatial demographic 
information to determine if, at the community level, wastewater treatment facilities 
can be used to conduct real-time COVID-19 monitoring.

In the information access and misinformation category, Dr. Elena Zheleva and 
team from the University of Chicago developed algorithms to detect attitudes 
regarding stay-at-home orders from social media and integrated this information 
with geospatial location and socioeconomic data to understand how attitudes across 
the landscape influenced public health outcomes (project ID: 2031095). These stud-
ies demonstrate the broad applicability of inter-/transdisciplinary and geospatial 
approaches towards addressing the COVID-19 pandemic under a variety of 
circumstances.

The COVID-19 virus spread and mutated very quickly. New information had to 
be gathered, integrated, analyzed, and disseminated in near real time. To help 
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facilitate data sharing and collaboration, Dr. Florence Hudson from the Northeast 
Big Data Innovation Hub hosted by Columbia University, in collaboration with the 
Midwest Big Data Innovation Hub, the South Big Data Innovation Hub, and the 
West Big Data Innovation Hub, proposed the COVID Information Commons (CIC, 
project ID: 2028999). The CIC is intended to be a resource for researchers and 
decision-makers to leverage findings, invest in, and/or accelerate the most promis-
ing research to mitigate the broad societal impacts of the COVID-19 pandemic 
(COVID Information Commons, 2022). COVID-19 research is compiled with pub-
licly available datasets and organized into categories of research areas and/or geog-
raphy. The CIC web portal allows project teams to publish or link to their data and 
present project information in ways that are most relevant and user-friendly for 
researchers in academia, industry, and government. Though the initial project was a 
RAPID award for 1 year, the CIC will continue past the initial award period and 
serve as a model for potential future public health challenges to integrate knowledge 
sharing and collaboration in times of need.

�Highlights from Longer-Term COVID-19 Projects

While RAPID projects allow the research community to quickly develop new data-
driven strategies for addressing the pandemic, longer-term projects as well as alter-
native funding avenues, such as funds for workshops, are needed to help recover and 
be better prepared in the future. Out of 991 total projects, 157 were funded as 
EAGERs (60 awards of up to 2 years’ duration) or by another funding mechanism 
(97 awards spanning 1–5 years’ duration). A project led by Dr. Julie Chen at the 
University of Massachusetts, Lowell, was funded to set up transdisciplinary stake-
holder networks that can rapidly pivot to produce products at scale without existing 
supply chains or manufacturing lines (project ID: 2036917). This project, funded by 
the NSF Future Manufacturing program, focuses on understanding what shared 
resources and tools and what education and workforce development is needed to 
quickly pivot manufacturing to address crises. The project will have long-term 
implications for crisis response, resilience, and preparedness for supply chains into 
the future.

Another mechanism for developing ideas and building networks is through NSF-
funded workshops to bring researchers together around a topic. One such project 
was funded by the Build and Broaden Program in the Division of Social and 
Economic Sciences in the Directorate for Social, Behavioral, and Economic 
Sciences. This award, led by Katia Goldfarb and team, supported a conference to 
bring together a transdisciplinary group of researchers and community stakeholders 
to understand the array of long-term impacts faced by the local Hispanic community 
because of the pandemic (project ID: 2038458). In an interview, Dr. Goldfarb shared 
that building trust in the community is vital to the pandemic response and that she 
is concerned that the pandemic has thwarted the Hispanic representation gains made 
over the last 20  years within STEM fields Goldfarb (2021). She views this 
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conference as a way to broaden participation and strengthen transdisciplinary net-
works of Hispanic scholars and early career scientists from within the Hispanic 
community.

Technologies for online evidence-based learning and teaching platforms received 
newfound direction during the pandemic as a way to effectively teach in a distanced 
setting. Ashley Rowland from Codon Learning, Inc., received a Small Business and 
Innovation Research (SBIR) grant from the Division of IIP in the Directorate for 
Engineering to scale the development of a digital design tool that enables an instruc-
tor to quickly create and implement an active learning STEM course (project ID: 
2015112). With beta testing originally taking place in six remote biology class-
rooms, information was collected on the ease of adoption and effectiveness of meet-
ing learning objectives across a wide diversity of students (Rowland, 2021). 
Investment in this small business will help scale this educational technology that is 
important for remote learning during pandemics and beyond.

�Conclusions

The unique ability for the NSF to quickly distribute research funds for projects 
focusing on urgent topics allows the NSF to nimbly respond to crises, a process that 
funneled additional appropriated funds to researchers during the COVID-19 pan-
demic. Researchers quickly mobilize to request this funding, particularly if their 
own research is based in, or can quickly pivot to, addressing the current crisis. To 
further mobilize the research community around urgently needed research topics, 
the NSF effectively employs DCLs as a communication tool to disseminate funding 
opportunities. In FY 2020, the use of three DCLs, two of which pointed to RAPID 
research, was unprecedented in the use of DCLs on a single topic at the NSF, coin-
ciding with the largest amount of RAPID funding distributed from FY 2010 to FY 
2020. Certain research categories including education, viral transmission, human 
infection, and human distancing behavior crossed disciplinary boundaries and were 
funded across all or most NSF Directorates. The NSF is able to quickly focus fund-
ing around urgently needed research to address various national and international 
disruptive events in an inter- or transdisciplinary manner, with almost half of all 
RAPID DCL’s having participation from all NSF Directorates and the OD.

The impacts of COVID-19 will be felt for many years. What is needed is research 
that spans decades and monitors ecosystems at the interface of human and natural 
systems to better understand the effects of this disruption to natural, built, and social 
systems over the long term. This decadal research will be necessary to understand 
future stressors and where, why, and when spillover of disease or natural disaster 
may occur next. This research may require cross-agency, interagency, and interna-
tional collaboration to cover the many complex facets of a global crisis. The 
Advisory Committee for Environmental Research and Education (AC-ERE) 
released a report in 2021 on Environmental and Human Health that suggested that 
environmental and public health research should be integrated in transdisciplinary 
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research and that institutions should foster research teams necessary for performing 
such research which may require partnerships with other agencies (Advisory 
Committee for Environmental Research and Education, 2021).

From human-wildlife interactions increasing zoonotic disease transfer to more 
frequent, higher-intensity, natural disasters caused by climate change, rapidly 
deploying research funds to respond to these disruptive events is becoming increas-
ingly necessary for human security and resilience. Our analysis demonstrates that 
these global challenges involve complex interacting systems, the solution to which 
requires research integration with society, the economy, and policy across spatial 
and temporal scales. In a time of rapid change, breaking down barriers to conduct-
ing urgently needed, transdisciplinary research is required to support humanity’s 
resilience to crises.
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Chapter 23
Conclusion: The Consequences 
of COVID-19 – What Is Next?

Melinda Laituri, Robert B. Richardson, and Junghwan Kim

The preparation of this volume is bracketed by two events: first, the global pan-
demic that continues to this day, and second, the emerging conflict in Ukraine where 
Russia has invaded a sovereign nation. This juxtaposition of global and regional 
events demonstrates the need to understand the geography of places and consider 
how geospatial approaches can inform policy and solutions. To address the pan-
demic, the national governments have put into practice place-based procedures and 
policies to protect and save lives; we now enter a phase of global uncertainty where 
conflict upends those policies and lives are lost. The coincidence of the pandemic 
and conflict compounds the global health emergency particularly in fragile states 
exposed to conflict and violence where provisioning basic services (such as food, 
water, and shelter) is essential (Richardson, Chap. 3). As the Ukraine invasion 
unfolds, we observe in real time the impact of conflict and the emergence of the 
Ukrainian diaspora and consider the hidden toll the virus will take in concert with 
violent loss of life. This conflict will hinder and complicate public health responses 
and this is only one example of a nation-state, Russia advancing a specific agenda 
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with the continued pandemic as a backdrop. Armed conflict results in people on the 
move and this means the virus will also be on the move. The UN reports that 24 mil-
lion of the 98 million confirmed to have contracted the virus live in countries facing 
humanitarian or refugee crises (UN Press Release, 2021), and this number is sure to 
increase as the conflict rages and expands.

The intersection of COVID-19 and conflict should not be lost as we enter the 
next stage of the pandemic. In March 2020, the UN called for a global ceasefire to 
“create opportunities for life-saving aid, open windows for diplomacy and bring 
hope to people suffering in conflict zones who are particularly vulnerable to the 
pandemic” (Guterres, 2020). Sheely et al. (2021) of MercyCorps explore this coin-
cidence through interviews with people in Colombia, Nigeria, and Afghanistan rep-
resenting communities in over 40 countries. Their findings reveal common factors 
that include distrust in government and institutions, increasing economic hardship, 
and eroding social cohesion. The World Bank works in 19 of the most fragile places 
around the world to strengthen health systems and mitigate the pandemic’s risks by 
improving community engagement, addressing the root causes of conflict, and 
building trust to provisioning of basic services. An underexamined result of pan-
demic policies is border closures and impacts on movement where international 
flows of migrant remittances made sending money home difficult due to unemploy-
ment and prohibiting worker mobility to work overseas (Economist Intelligence 
Unit, 2021). Brown and Blanc (2020) of the Carnegie Endowment for International 
Peace examine 12 conflicts from around the world where fragile states contend with 
the multiple challenges of the continuing pandemic compounded by sanctions 
(Syria and Iran), empowerment of non-state actors (Yemen and Somalia), and 
increasing numbers of conflict-displaced people (Afghanistan and Libya). The 
Armed Conflict Location & Event Data Project (ACLED) created the COVID-19 
Disorder Tracker analyzing changes in demonstration activity, state repression, mob 
attacks, and overall rates of armed conflict (Kishi, 2021). The tracker and info-
graphic “spotlights” emphasize the consequential geography of conflict and the 
pandemic.

The consequential geography of the pandemic is further revealed in the indirect 
effects of the pandemic on violence. Mena et al. (Chap. 12) described the cascading 
effects of the government lockdown in Quito, Ecuador, across different socioeco-
nomic sectors due to the pandemic. The unintended consequences of protecting 
health came at the expense of family members under lockdown where the home 
became a place of danger. The closure of borders in Central America resulted in 
disruption of criminal economies leading to increasing violence as competition 
increased between gangs and cartels to carve out new territories of influence (Kishi, 
2021). As stay-at-home restrictions created changes in daily life, patterns of crimi-
nal activity changed. Nivette et al. (2021) examined 27 cities in 23 different coun-
tries and found that generally crime decreased during stay-at-home restrictions, but 
crime patterns shifted from public-space crime (i.e., theft and assault) to domestic 
violence in the home and cybercrime in virtual space.

A recurring theme throughout this book is the stark exposure of inequitable 
places. Our stories echo the results from Oxfam’s Inequality Kills report where 
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“economic violence” is defined by the structural policy choices made for the richest 
and most powerful people causing direct harm to the poorest of people, women and 
girls, and racialized groups (Ahmen et al., 2022). Our case studies include examples 
from around the world (Fig. 23.1) that reveal how cultural backgrounds and socio-
economic challenges are different for distinct populations.

Huang et al. (Chap. 8) and Guhlincoozzi and Wallace (Chap. 9) describe long-
standing inequity issues in the United States where socioeconomic disparities dis-
proportionately affect vulnerable populations, specifically African Americans and 
Latines. Yashadhana et  al. (Chap. 15) examined the spatiality of public health 
restrictions and access to services for Aboriginal and Torres Strait Islanders and the 
need for culturally relevant approaches to health management. Kebirungi and 
Mwenyango (Chap. 16) describe the economic and social impacts on the Boda-
Boda motorists of Uganda. The World Justice Project (2020) documents the status 
of Sustainable Development Goal (SDG) 16 – “to promote peaceful and inclusive 
societies for sustainable development, provide access to justice for all, (emphasis 
added) and build effective, accountable, and inclusive institutions at all levels” (UN 
Department of Economic and Social Affairs, 2022). The policy brief identifies the 
“justice gap” that is explicitly linked to place – the geography of justice – where one 
must have a legal identity to access resources, emergency social protection benefits, 
and health services.

Several of our case studies focus on cities where transportation networks 
(Valjarevic, Chap. 17) and the urban economy (Koti, Chap. 19; Karki et al., Chap. 
10) were impacted by pandemic policies. Martinez and Short (2021) term this the 
“pandemic city” and note that the history of cities is closely linked to the history of 
disease. The establishment of public spaces, sanitation infrastructure, access to 
clean water, and garbage removal reconfigured cities to be healthier places. However, 
in the twenty-first century, the city requires a reimaging of urban space for a number 

Fig. 23.1  Map of COVID-19 case study countries
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of reasons. First, urban expansion has precipitated new connectivities due to land 
use changes that destroy natural habitats and establishing pathways for disease 
transmission (Mishra, Chap. 21). Zoonotic diseases have direct trajectories to 
humans through spillover events from wild animals and spillback effects to both 
domestic and wild animals (Whalen, 2021; Reaser et al., 2021; Shah, 2022). Second, 
the twenty-first century is the urban century; by 2050 70% of the world’s population 
will live in cities (Resilient Cities Catalyst, 2022). Population density is linked to 
disease transmission and cities with large informal settlements will be challenged to 
provide adequate services (Kim et al., 2022) as well as provide facility-based data 
for city planning and efforts to meet the Sustainable Development Goals (Mbonglou 
and John, Chap. 11). Third, cities reflect the global economy. Globalization, a 
reflection of the interconnectedness of places, has been challenged as borders close 
and supply chains weaken, exacerbating conditions of inequality. The impact on the 
informal economy is a key driver for engagement in the local economy in low- and 
middle-income counties which particularly impacted yet revealed a level of adapta-
tion and resilience for the future (Koti, Chap. 19). Fourth, cities demonstrated how 
they are places of resiliency. The great pause or anthropause revealed how spaces 
could change; examples of improved water and air quality were of particular note 
(Knouft, Chap. 20). Time and space intersected where the temporal design of spaces 
included timing of road closures on weekends for pedestrian use, expanding the 
operating hours of public spaces, and increasing the use of roads for pedestrian and 
bike traffic (Hendron, 2021).

�What Is Next?

We revisit the concept of a consequential geography of the pandemic (Laituri, Chap. 
2) to envision public health services built upon the One Health approach (Mishra, 
Chap. 21). We assess the need for data – the backbone of science – to inform the 
policies and practices of One Health for modeling and monitoring the future. And 
recommend collaboration in science, policy, and society as the critical framework to 
facilitate next steps.

One Health builds on the concept of syndemic – referring to the coincidence of 
multiple factors during an epidemic with socioeconomic and environmental condi-
tions (Campbell, Chap. 14; Courtin & Vineis, 2021). One Health is a collaborative, 
multisectoral, and transdisciplinary approach – local to global – to achieve optimal 
health outcomes for both human society and the natural environment (Centers for 
Disease Control, 2022).

Informing a One Health approach means that we will need data. New data were 
collected at rapid rates during the pandemic and posted through websites with inter-
active dashboards. Chuluungaatar and Sumiyasuren (Chap. 7) describe the develop-
ment of a data dashboard to provide access to health services in underserved and 
informal areas of Ulaanbaatar and the need for government support to create such 
resources. However, many of these websites are ephemeral  – no longer being 
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updated, broken links, and abandoned. We have learned from the pandemic the need 
for accurate and near real-time data despite embedded biases and lag times in data 
generation. We will need to build integrated datasets that reflect the pandemic 
demographics. Data were collected at the appropriate scale, inclusive of socioeco-
nomic factors (age, ethnicity, gender, vulnerability), sensitive to ensuring privacy 
and ethical data use (Seidl, Chap. 5; Albanese and Senesi, Chap. 18), inclusion of 
the unique data associated with long-COVID (conditions that will have long-term 
impacts on health services everywhere), and tracking of vaccination status (dosage, 
boosters).

The landscape of data generation has changed with integrated data providing 
citizens with new applications. Using smart phones, contact tracing, and exposure 
notification will impact behaviors. The COVID risk calculator can be used similarly 
as the weather app where one gauges the risk of going out in a storm – one can 
determine the risk of being exposed to disease, for example, deciding where to go 
and when based on location, size of the event, indoor or outdoor venue, and com-
munity COVID rates (Kruger, 2022). The development of such tools will need to 
ensure that people’s rights, health, and safety are protected and at the same time 
enable health equity (Landau, 2021).

Building such datasets needs conditions that support collaboration and coopera-
tion. The speed at which the vaccine was developed demonstrates the success of 
collaborative initiatives where industry, science, and government worked together 
to create an unprecedented vaccine rollout (Gil, 2021). However, access to the vac-
cine remains skewed towards richer nations and vaccine production is limited due to 
profit motives and intellectual property rights. Efforts to address vaccine equity 
include COVAX sponsored by the World Health Organization to provide no-cost 
vaccines to low- and middle-income countries, or the need to practice vaccine diplo-
macy – where countries that have developed vaccines make them available to coun-
tries that lack them (Groopman, 2021). Other collaborative activities are suggested 
that include the Science Readiness Reserves – partnerships on global and multidis-
ciplinary scale between industry, academia, and government. Transformative sci-
ence is needed to enable these efforts and the US National Science Foundation has 
been at the forefront in creating innovative spaces (Pierce and Shores, Chap. 22).

The book is composed of a series of case studies examining geography and geo-
spatial approaches to understanding the pandemic. Using methodologies grounded 
in science, statistics, and modeling and gleaning insights from the emerging 
COVID-19 literature, we present a global view of the pandemic from local perspec-
tives (Cline and Laituri, Chap. 6). A common theme throughout the case studies is 
the role of inequality and how spatial analysis and the resulting visualizations 
(maps, graphs, and infographics) can demonstrate the landscape of a consequential 
geography through a lens of spatial justice (Richardson, Chap. 3; Kim et al., Chap. 
4). Our case studies use multiple statistical methods (Li et al., Chap. 13; Mena et al., 
Chap. 12), modeling (Huang et al., Chap. 8), and data collection techniques (sur-
veys and apps  – Karki et  al., Chap. 10; Mbonglou and John, Chap. 11). Spatial 
results include multiple data dashboards, portals (Mongolia), and analyses (which 
provide a rich context for examining the pandemic using a geospatial lens). Most 
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specifically, the case studies cover maps and demonstrate geographic concepts that 
are critical for managing the pandemic – adjacency, connectivity, proximity, scale, 
diffusion, space, and place (Price, Chap. 1).
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Glossary: The Lexicon of the Pandemic Through 
Geographic and Geospatial Terms

Contact tracing  Contact tracing is the process of attempting to identify people 
who have recently been in contact with someone diagnosed with an infectious 
disease, especially in order to treat or quarantine them.

Coronavirus  Coronaviruses are a family (Coronaviridae) of large single-stranded 
RNA viruses that can cause illnesses such as the common cold, severe acute 
respiratory syndrome (SARS), and Middle East respiratory syndrome (MERS). 
These viruses can infect people and some animals.

COVID-19  Coronavirus disease (COVID-19) is a highly contagious respiratory 
disease caused by the SARS-CoV-2 virus. The most common signs and symp-
toms of COVID-19 are fever, cough, and trouble breathing. Fatigue, muscle pain, 
chills, headache, sore throat, runny nose, nausea or vomiting, diarrhea, and a loss 
of taste or smell may also occur. Some people may not have any symptoms but 
are still able to spread the virus. Most people with COVID-19 recover without 
needing special treatment. But other people are at higher risk of serious illness, 
including older adults and people with serious medical problems, such as heart, 
lung, or kidney disease, diabetes, cancer, or a weak immune system. Serious ill-
ness may include life-threatening pneumonia and organ failure.

COVID-19 pandemic  The COVID-19 disease was first identified in the Chinese 
city of Wuhan in December 2019. A lockdown in Wuhan and other cities in 
the surrounding Hubei Province failed to contain the outbreak, and it quickly 
spread to other parts of the People’s Republic of China and around the world. 
The World Health Organization (WHO) declared the SARS-CoV-2 virus and the 
related COVID-19 disease a Public Health Emergency of International Concern 
in January 2020 and a pandemic in March 2020.

Community spread  People infected by the virus in an area based on local 
conditions.

Data dashboards  An online tool or platform used to share, display, analyze, and 
download data.
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Epidemic  An epidemic is an outbreak of disease that spreads quickly and affects a 
disproportionately large number of individuals within a population, community, 
or region at the same time. An epidemic is often characterized by an unexpected 
increase in the number of disease cases in a specific geographical area.

First-order impacts  The first-order impacts of the COVID-19 pandemic refer to 
the direct effects of the spread of the disease, such as the number of cases, hos-
pitalizations, and deaths in a given region.

Flatten the curve  A phrase from public health strategy aimed at slowing the 
spread of the virus through protective measures where fewer people get sick 
over time. The curve is a visual representation of the number of infected people 
over time.

Geographic Information Systems (GIS)  Platform of related tools to store, man-
age, analyze, visualize, and share geospatial data.

Geospatial  Geospatial is a term relating to or denoting data that is associated with 
a particular location. The term refers to data consisting of, derived from, or relat-
ing to data that is linked to specific geographical locations.

mRNA vaccine  Modified RNA (mRNA) vaccines use modified mRNA formu-
lated in lipid nanoparticles, or LNPs, that protect the mRNA and shuttle it into 
cells that create proteins from mRNA.

Pandemic  A pandemic is an outbreak of a disease that occurs over a wide geo-
graphic area (such as multiple countries or continents) and typically affects a 
considerable proportion of the population. A pandemic is often characterized by 
sudden rapid spread, growth, or development.

Personal protective equipment (PPE)  Masks, gloves, and medical coverings to 
reduce exposure to hazardous conditions.

Remote learning  Teaching and learning through the use of technology and vir-
tual platforms (i.e., video conferencing, discussion boards).

Remote sensing  Detecting and monitoring physical characteristics of a location 
by measuring reflection or radiation from a distance (i.e., satellite imagery).

RNA  Ribonucleic acid (RNA) is a polymeric molecule essential in various 
biological roles, including decoding genetic information of viruses such as 
SARS-CoV-2.

RNA virus  RNA virus is a virus which has RNA (ribonucleic acid) as its genetic 
material. The nucleic acid is usually single-stranded RNA (ssRNA), but it may 
be double-stranded RNA (dsRNA). Notable human diseases caused by RNA 
viruses include the common cold, influenza, SARS, MERS, COVID-19, dengue 
virus, hepatitis C, hepatitis E, West Nile fever, Ebola virus disease, rabies, polio, 
mumps, and measles.

SARS-CoV-2  The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the virus that causes a respiratory disease called coronavirus disease 
2019 (COVID-19). SARS-CoV-2 is a member of a large family of viruses called 
coronaviruses. SARS-CoV-2 was first known to infect people in 2019. The virus 
can spread from an infected person’s mouth or nose in small liquid particles 
when they cough, sneeze, speak, sing, or breathe. These particles range from 

Glossary: The Lexicon of the Pandemic Through Geographic and Geospatial Terms
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larger respiratory droplets to smaller aerosols. SARS-CoV-2 is the seventh coro-
navirus known to infect humans.

Second-order impacts  The second-order impacts of the COVID-19 pandemic 
refer to the secondary or indirect effects of the spread of the disease on various 
sectors of human life, such as economic, social, and environmental impacts.

Social distancing  To prevent spread of disease by maintaining physical distance 
in places where people gather.

Spillover  Microbes from animals spread to humans
Super-spreader event  Gatherings of large numbers of people where a single 

infected person can induce a large outbreak.
Telecommuting/remote work  Working from home or remote work environments 

to carry out job duties and responsibilities.
World Health Organization  The World Health Organization (WHO) is the 

United Nations agency responsible for international public health. The WHO 
connects nations, partners, and people to promote health, keep the world safe, 
and serve the vulnerable. The WHO has played a leading role in several public 
health achievements, most notably the eradication of smallpox, the near-eradica-
tion of polio, and the development of an Ebola vaccine.

Zoonotic disease  Infectious disease transmitted between species from animals 
to humans.
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