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Executive Summary
The pandemic exposed the profound inequalities that are evident around the world but also
emphasized the important role of geography – the need to think spatially and be cognizant of the
fact that geography matters. The Cities’ COVID Mitigation and Mapping (C2M2) Program was a
rapid response to identifying the long-term impacts due to COVID-19 to demonstrate how the use
of geospatial tools can inform decision-making. Geospatial technologies are innately
transdisciplinary, where datasets can be integrated to identify distributional impacts, create
scenarios for predictive purposes, and monitor changes due to the impacts of COVID-19. Spatial
and statistical analyses provide evidence-based results and an opportunity to enhance the spatial
awareness of local communities and local decision-makers.
Initiated in July 2020, the C2M2 Program was funded by the US Government’s Economic Support
Fund’s (ESF) supplemental funding for COVID-related activities and implemented by the US
Department of State’s Office of the Geographer and Global Issues GGI). The C2M2 Program is
part of GGI’s MapGive Initiative that enables the creation of open geographic data to support
humanitarian relief and development programs. The C2M2 Program focused on vulnerable urban
populations in lower- and middle-income countries to address second-order impacts due to the
pandemic related to the economy (i.e., tourism; employment), society (i.e., school closures;
domestic violence), and access to basic services (i.e., food and water security). Sectors that support
the program include higher education (universities), civil society (non-governmental organizations
and local communities), and disaster mitigation (humanitarian aid organizations and local
government). The program facilitates community-level action for impact-driven, rapid response to
the pandemic enabling adaptive strategies for future emergencies. These projects took place from
July 2020 to November 2021and were facilitated entirely in virtual space using such tools as zoom,
google folders, and other internet-based tools. Virtual environments were created that allowed
training (workshops) and sharing (webinars).
The C2M2 Program was built upon the Department of State’s GGI Secondary Cities (2C) Initiative.
The 2C Initiative identified geospatial experts from partner countries focusing on generating
baseline geospatial data in under-examined secondary cities to inform emergency preparedness,
human security, and resilience. These experts formed the basis for the C2M2 regional hub
leadership in Africa, Asia, and Latin America. In addition, the C2M2 Program continued the longterm collaboration between the American Association of Geographers (AAG) and NSF’s Center
for Spatio-Temporal Analysis facilitated through Harvard University’s Center for Geographic
Analysis (CGA). The AAG supported program administration and communication strategies for
outreach. The C2M2 Program partnered with CGA’s cadre of student volunteers to conduct rapid
response analyses of second-order impacts.
C2M2 hubs’ leaders are local champions with deep roots in the regions they represent. They bring
a varied perspective and experience to the program where each lead represents different sectors the Latin American hub lead is a university professor; the Africa hub lead is a business
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entrepreneur; the Asia hub lead is the director of a non-governmental organization. This model
aptly demonstrates that one singular approach does not fit all projects, but place-based issues and
data needs can determine common frameworks (i.e., data management, data standardization,
common metrics) that enable sharing results and lessons learned.
Each hub manages several projects identifying the critical issues of second-order impacts of
COVID in the urban area where they oversee partner projects. The C2M2 Africa hub has projects
in Bukavu, Democratic Republic of Congo; Nairobi, Kenya; and Pemba, Mozambique. The C2M2
Asia hub includes projects in Kathmandu, Nepal; Dhaka, Bangladesh; and Ulaanbaatar, Mongolia.
The C2M2 Latin America hub’s projects are in Cusco, Peru; Ouro Preto, Brazil; Santiago, Chile;
Santa Cruz, Galapagos; and Quito, Ecuador.
Key contributions of this program are: 1) generation of local data through participatory mapping
activities and 2) to complement data derived due to the pandemic (i.e., the country-specific data
dashboards tracking COVID cases, deaths, and spread) with place-based needs due to secondorder impacts. All hubs actively used geospatial tools for data generation. The list of tools includes
Kobo Toolbox (Africa hub), Cities Navigator (Africa hub), Microsoft Power BI (Latin America
hub), QGIS (Asia Hub). Common to all projects was the use of ArcGIS, Python, and R to conduct
customized analysis and visualizations.
The program generated diverse data, including real-time crime spatiotemporal data (Latin America
hub), water and sanitation data (Africa hub), migration data (Asia hub), health facility data (Asia
and Africa hubs), and tourism data (Latin America hub). Most datasets generated from the C2M2
program are uploaded to publicly available platforms (e.g., OpenStreetMap and Humanitarian
Data Exchange - HDX) to promote open data governance. The program created useful dashboards
that deliver important COVID-19 relevant information to citizens and policymakers. These
dashboards include the water and sanitation accessibility dashboard (Africa hub), healthcare
accessibility dashboard (Africa and Asia hub), and crime hot/cold spot information dashboard
(Latin America hub).
The program produced effective visualization products (e.g., ArcGIS Story Maps and Videos) that
highlight the key findings of the projects and communicate with various stakeholders. These
products inform decision-making through providing data at the local level that previously did not
exist, analyses of existing data, and newly generated data to track COVID-related impacts.
Important lessons learned include:
1) The value of scale-appropriate data. C2M2 projects focused on sub-city locations to
examine vulnerable populations that are often overlooked in country-level datasets.
2) Identification and collection of new 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 collected, providing new insights for city planning and decision making (i.e.,
locations of all types of healthcare facilities such as clinics, hospitals, pharmacies)
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3) The use of geospatial tools, common methods, and standardized data structure (i.e.,
attributes, units, categories) enable robust analyses across thematic issues. C2M2 projects
examined different second-order impacts using common geospatial approaches.
4) Existing data could be enhanced by collecting additional attribute information. For
example, characteristics of water points (i.e., private/public, hours of operation) and toilets
(i.e., handwashing facilities at location) provided additional information relevant to
government policies to manage the pandemic.
5) Demonstrating the integration of different methods. Projects used mobile tools to conduct
surveys with sample populations with georeferenced locations.
6) Protection of personal information and informed consent. Ethics underpin surveys and
georeferenced data collection. Georeferenced data reveal sensitive information regarding
location and people. Protection of personal information is necessary for data generation
and sharing. Ensuring participants understood informed consent while protecting
anonymity was essential to all projects.
7) Analysis and visualization of geospatial data for decision making. Data can provide the
locational analysis to identify place-based solutions (i.e., density analysis of point data to
yield “heat maps” of sensitive areas). However, stakeholders and decision-makers need to
be aware of the utility of a geospatial approach. Visualizations (data dashboards) and
storytelling (Esri Story Maps) are means to demonstrate data results.
The C2M2 project conducted several activities, including 1 international symposium, 4 webinars,
and 3 workshops. The team published several academic peer-reviewed research papers in scholarly
journals. These activities are impactful as they draw hundreds of attendees from dozens of
countries around the world, indicating the successful dissemination of the C2M2 project to larger
audiences. Additionally, the project supported educational outreach programs, including
mentoring 14 high school and college students on their semester-long independent research project
focusing on the C2M2 project sponsored by the NSF Rapid Response team at Harvard University’s
Center for Geographic Analysis.
Online communication technology (e.g., Zoom, Google Docs) played an important role in the
successful completion of the C2M2 project. It facilitated effective communication between various
stakeholders and participants despite the fact that the C2M2 project consists of partners from 3
different continents around the world.
However, this project also has several limitations that future projects may want to consider. First,
because of the budget limitation, the project was for only one year. The ongoing situation of the
COVID-19 pandemic that continues has resulted in unabated secondary impacts on the economy,
society, and health in the longer term. Second, the project could have stronger connections to other
agencies and organizations such as US offices (CDC regional offices, NASA SERVIR, US
Embassies) and project partner’s national governments. This would raise awareness of these
projects and how their contributions could make stronger impacts on the policy formulation
process of each partner city.
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Overall, despite these limitations, we concluded that the C2M2 project successfully achieved the
project goals, as evidenced by the successful completion of program indicators – hosting of
workshops and training and analytical outcomes of second-order impacts to assist in data-driven
decision-making. The project ignited researchers’ and policymakers’ awareness of the significant
role of geospatial technology and methods in understanding and mitigating the secondary impacts
of the COVID-19 pandemic.

Visit the Google Voyager to explore the C2M2 Projects!

The C2M2 program builds on global networks of geospatial experts to analyze the second-order impacts
of COVID-19. Our projects build local capacity to utilize open-source geospatial technologies,
strengthen international partnerships, and create new data to inform data-driven decision-making for
policies that address COVID second-order impacts. We created a Google Voyager where you can
experience an interactive map highlighting the introduction, background, and videos of C2M2 city
partner projects. Link to Google Voyager
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Overview of the Cities COVID Mitigation Mapping (C2M2)
Program
Introduction
In late 2019, the outbreak of the novel coronavirus (SARS-CoV-2) and resulting illness, COVID19, in Wuhan, China, rapidly expanded across the globe resulting in the declaration of a global
pandemic by WHO in early 2020. A highly contagious disease, the rapid transmission of the virus
resulted in immediate first-order impacts, which included increasing numbers of cases and case
fatalities, stressing hospital capacity, and generating government responses in the form of border
restrictions, lockdowns, quarantines, and public health guidance. The worldwide scale of secondorder impacts soon became evident, including a global economic crisis impacting all aspects of
society, exacerbating chronic conditions of food insecurity, limited access to health services, and
loss of livelihoods.
This
pandemic
crisis
magnifies
fundamental inequities that require
measures to plan for and adapt to the
longer-term impacts of COVID-19.
These implications highlight the need to
generate robust data to track the impacts
of the virus, identify vulnerable
populations, and monitor mitigation
plans that integrate information from
diverse sources and multiple scales.

Defining the second-order impacts of the COVID-19
pandemic
First-order impacts include increasing numbers of
cases and case fatalities, hospital capacity, and
government responses such as border restrictions,
lockdowns, quarantines, and public health guidance.
These are immediate impacts creating long-term or
second-order impacts.
Second-order impacts have specific repercussions and
tangible outcomes that stem from human responses to
the pandemic rather than from the virus itself. Many of
these second-order impacts have spatial characteristics
that can be mapped and analyzed. Identifying the
spatial outcomes of the second-order impacts expose
the locations of inequitable distribution of basic
services, newly emerging vulnerable populations, and
changing patterns of mobility and migration (Laituri et
al., 2020).

The Cities’ COVID Mitigation Mapping
(C2M2) program is part of the MapGive
Initiative in the Office of the Geographer
(GGI) at the U.S. Department of State
that builds partnerships to enhance
geospatial capacity, generate data, and
share maps to support planning for
mitigating COVID-19 second-order
impacts.
Funded
by
the
U.S.
Government’s Economic Support Fund’s (ESF) supplemental funding for COVID-related
activities, the C2M2 Program supports the Department of State’s objectives to support resilience
and capacity building for civil society, transparency, and good governance. In close consultation
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with U.S. Department of State’s Office of Oceans and International Environmental and Scientific
Affairs (OES), program success metrics were identified for program evaluation and success.
The Cities’ COVID Mitigation Mapping (C2M2) program supported by the U.S. Department of
State is composed of three regional hubs managing 12 city-based projects (Figure 1). The regional
hubs emerged from GGI’s Secondary Cities Initiative, where strong leadership in geospatial
expertise was identified and facilitated. The 2C Initiative focused on 16 projects in lower and
middle income countries (LMIC) to map under-examined secondary cities. C2M2 regional hubs
focus on key themes such as food security, the informal economy, tourism, health, and mobility to
understand the second-order impacts of COVID-19.

Figure 1. C2M2 city partners (12 cities, 10 countries)

Regional hub leaders build local capacity for applying geospatial technologies, strengthening
partnerships, and creating new data and analysis to understand resource distribution and data needs
in selected cities. City projects were selected based upon hub lead recommendations, existing 2C
partners, and Embassy personnel suggestions. Regional hubs identified new cities for C2M2
projects as well as drew upon the existing network of 2C partner projects. Projects generate data
and analytic products to openly share within the community to support data-driven decisionmaking for economic and social needs (such as health, water, and education services).
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Partnerships are critical to the success of the C2M2 program (Figure 2). GGI has long-term
partnerships with the American Association of Geographers (AAG), NSF’s Spatio-Temporal
Center (STC), and Harvard’s Center for Geographic Analysis (CGA). These partners provide
essential support services: AAG provides contract and budget administration, STC facilitates
connections with geospatial experts for technical solutions, and CGA supports outreach through
symposiums and webinars.

Figure 2. C2M2 Organizational Chart

Second-order impacts of COVID-19 are seasonal, spatial, scalar, and sectoral. To address this
complexity, all project partners participated in a Participatory Modeling workshop and learned to
create causal loop diagrams (CLD). These diagrams identify linkages across sectors and scales to
identify the causal relationships and spatial connections between the pandemic, second-order
impacts, and data needs. Workshops were held with all projects partners to define thematic issues
and identify existing data and data gaps.
Each C2M2 project partner conducted a baseline assessment on the immediate impact of the
pandemic in their city and the government responses to identify second-order impacts. In the
example in the text box, the number of COVID cases caused reduced economic activity due to
hotel and shop closures. These closures lead to second-order impacts of job and income losses
(particularly in informal economies), increasing the impact on vulnerable populations. Data about
closures (where and types of businesses), employees (those who lost jobs), where they live and
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access to basic services (water, energy, food) are important data that have spatial attributes to map
and analyze for improving community needs.
Causal loop diagram and COVID-19

Causal loop diagrams are used to display the behavior of cause and effect in systems. Systems can be
economical, personal, social, or physical. Systems consist of elements (or variables) and interconnections
(or links). Elements can increase or decrease (up or down). Interconnections may move in the same
direction (S) or opposite direction (O). Causal loop diagrams can be a useful tool for visualizing the
second-order impacts of COVID-19 and the drivers that cause them to occur. The elements (or variables)
identified in causal loop diagrams assist in identifying data to collect for mapping for analysis and
decision making. The interconnections (or links) can inform how second-order impacts may be mitigated
or minimized (Richardson, 2020).

This white paper provides an overview of the C2M2 program. Program goals and indicators are
defined. A description of all regional hubs and highlights from city partners are included. All
program activities are documented with links to all supporting materials (websites, videos, and
story maps).
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What is a C2M2 project?
C2M2 projects focus on vulnerable urban populations in lower- and middle-income countries. The
key aim of these projects is to build partnerships for open participatory mapping models to address
second order impacts; share geospatial data analysis techniques to identify needs for infrastructure
critical to second order impacts; and produce digital maps and other datasets to support data-driven
decision making that mitigates these impacts (Figure 3).

Figure 3. What is a C2M2 project?

All C2M2 projects had common elements and a specific thematic emphasis (See Hub
descriptions and summary). Common elements included:
1) Conduct a baseline report of COVID-19 status and the relationship of pandemic
government policies to the project theme (Links to baseline reports (Appendix 2).
2) Develop a causal loop diagram (CLD) of the project theme. (CLDs can be found in the
individual final reports).
3) Generate new and collect existing data on the project theme using geospatial tools and
techniques. (Data are described in project final reports).
4) Post new and generated data from their projects on a publicly accessible site such as
OpenStreetMap or Humanitarian Data Exchange.
5) Conduct geospatial analyses and create visualizations. (Links to visualizations that
include Story Maps, lightning talk videos, and project websites are found in Appendix 2)
7) Write a final report on project outcomes (Links to final reports are in Appendix 2).
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C2M2 Program Goals and Performance Indicators
C2M2 Program goals and performance indicators are modeled after the Sustainable Development
Goals framework, where goals and indicators are defined, and project participants provide data
from their projects to track these goals and indicators (Figure 4).
The goals form a nested hierarchy where a baseline assessment was conducted on each
country/region to describe the impact on the city/country/region of the pandemic in terms of
COVID case/death statistics and economic impacts by sector (Goals 1 and 2). We found that these
metrics informed initial government responses (i.e., lockdowns, border closing) and set the stage
for identifying second-order impacts (i.e., access to basic services, loss of livelihoods). Each hub
used these baseline assessments to identify the second-order impacts in their city projects (Goals
4 and 5). Each city partner conducted a data assessment on the existing geospatial data related to
the specific second-order impact of their projects and data needs (Goal 6 and 7). All projects
applied geospatial tools and techniques to analyze the data for explicit data-driven outcomes to
share with decision-makers (Goal 8).
C2M2 Overview Goals and Indicators (background information)

Goal 1. Track COVID-19 cases and deaths by country to assess changing COVID-19 impacts
over time.
• Indicator 1.1: Proportion of population with cases of COVID-19.
• Indicator 1.2: Identify government responses to COVID-19.
Goal 2. Determine economic impacts by sector of COVID-19 government-imposed shutdowns.
Track quarterly figures for 2020-2021.
• Indicator 2.1: National economic figures
Goal 3. Identify COVID-19 second order impacts with geospatial focus.
• Indicator 3.1: List of COVID-19 second order impacts and related geospatial characteristics
and attributes.

C2M2 Hub Goals and Indicators

NOTE: Targeted indicators per sector by project - focus on explicit economic activity of each
project description. Track quarterly figures for 2020-2021.
Goal 4. Determine economic impacts by sector of COVID-19 government-imposed shutdowns.
• Indicator 4.1: Identify dates of government shutdown.
Goal 5. Develop regional network of geospatial expertise
• Indicator 5.1: Develop list of participants and contact information.
• Indicator 5.2: Data assessment –

C2M2 Project Goals and Indicators (specific Hub projects)

Goal 6. Understand and promote use of geospatial data
• Indicator 6.1: Describe existing local data related to C2M2 thematic focus.
• Indicator 6.2: Identify data gaps.
• Indicator 6.3: Develop data collection plan.
• Indicator 6.4: Implement training workshops and webinars for geospatial data collection of
COVID-19 second order impacts.
Goal 7. Facilitate geospatial data collection to address COVID-19 second order impacts.
• Indicator 7.1: Utilize geospatial tools for data collection.
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• Indicator 7.2: Documentation of data collected by thematic area.
Goal 8. Develop mitigation strategies based upon geospatial data analysis of data collected.
• Indicator 8.1: Geospatial data analysis method.
• Indicator 8.2: Develop geospatial deliverables.
• Indicator 8.3: Recommendations to local government and non-governmental organizations.
Figure 4. C2M2 Indicator Framework (11 November 2020). Refer to Appendix 1 for detailed
indicator descriptions.

Regional hubs were required to submit quarterly reports entering information in a common
spreadsheet of program goals (Figure 5). Their quarterly reports were summarized by AAG to
track goals and indicators. In addition, all projects tracked their events and activities through an
online event tracker. These metrics are included in the AAG quarterly reports.

Figure 5. Overview of the C2M2 program goals and performance indicators
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Summary of Quarterly Performance Indicators
The U.S. Government’s Economic Support Fund’s (ESF) supplemental funding for COVIDrelated activities required that metrics be tracked to ensure the program was meeting U.S.
Department objectives. These include hub leads providing information on percentage allocation of
how funds were spent throughout the project based on the following aspects:
•

Civil Society: (20%) Partnerships and engagement to develop local data to inform decision
making and sensitization to using data for advocacy

•

Higher Education: (40%) Local geospatial capacity building (workshops, curriculum
development)

•

Disaster Readiness: (10%) Analysis and planning, community awareness of available
data for preparedness

•

Project Monitoring and Evaluation: (15%) Documentation of process, results, metrics
(communication and reporting), survey, storytelling

•

Direct Administrative Costs: (15%)

In coordination with OES, key metrics to track include: 1) the number of geospatial deliverables
created to support decision making and 2) the number of training or capacity-building activities
were undertaken (Figure 6). Geospatial deliverables include georeferenced data, visualizations,
and maps of analysis results; training activities include workshops on spatial analysis and data
collection techniques and outreach events to government offices and local stakeholders.
Quarterly Performance Indicator

Number Data source

Geospatial deliverables created to support data driven 23
decision making by key stakeholders

“Indicator
8.2”
monthly reports*

in

Training or capacity building activities conducted designed 21
to enhance geospatial awareness and capacity

“Reporting Metrics for
Events” Form

Figure 6. ESF-required program metrics. *See Figures 7 and 8.

AAG compiled six quarterly reports that tracked ESF-required metrics (Figure 6 and 7) and C2M2
goals and indicators. Figures 7 and 8 are examples of reporting graphs and comments from the
AAG quarterly reports (link to Google folder of reports).
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Figure 7. Indicator 8.2 – geospatial deliverables. Specific descriptions of these deliverables
are found in project final reports. (AAG C2M2 Quarterly Report – October 2021, p. 5).
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Figure 8. Meetings and events of C2M2 projects, Descriptions of specific events can be
found in the project final reports. (AAG Quarterly Report – October 2021, p. 7 - 8)

As of this time, the C2M2 Program is undergoing an evaluation. The performance indicators will
be assessed in the evaluation document.
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Hub Description and Project Summary
This section provides a general description of all regional hubs – Africa, Asia, and Latin America
– and city projects. Highlight boxes identify examples of key contributions from each project.
Detailed results of all projects can be found in the final reports and other supporting materials
(baseline reports, story maps, and project videos) in Appendix 2.
Africa Hub - Overview
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 manage the second-order impacts of the pandemic due to previous
experience with other epidemics, specifically HIV/AIDS and Ebola. The Africa Hub focused on
three cities across the continent: 1) Bukavu, Democratic Republic of Congo; 2) Nairobi, Kenya;
and 3) Pemba, Mozambique (Figure 7). These projects address second-order impacts related to
access to social services, such as education, water, and health.

Figure 9. Three city partners of the Africa hub

Summary of Africa Hub Projects
Links to supporting materials are found in Appendix 2.
The selected cities provided a mix of participants that include established universities, Secondary
Cities (2C) project graduates, humanitarian OpenStreetMap teams, youth mappers, Open Cities
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teams, and government agencies and representatives of the civil society. The Africa Hub is
managed by the U.S. and Africa Sourcing and Growth Advisors (UASG) based in Philadelphia,
Pennsylvania. The hub lead has long-term relationships and partnerships on the African continent,
particularly in Cameroon, and was part of the 2C Initiative (2C Douala, Cameroon).
The C2M2 project made it possible to strengthen and expand the work that was initiated during
the 2C Initiative to build local capacities and partnerships for emergency management and
resiliency using geospatial data. Regular exchanges between city partners facilitated by the hub
lead to enhanced collaboration between the different city projects, ensuring the same metrics and
data standards between the projects and aided in the exchange of best practices. For example, all
projects used the technology framework developed by the hub (Figure 10). This created a common
core of best practices for teams to replicate the projects beyond the pandemic to other geospatial
applications. The collaboration between the C2M2 hubs (Africa, Asia, and Latin America) was
also important for teams to exchange information, learn from each other, and share lessons learned
throughout the project.

Figure 10. C2M2 Africa Hub technology framework (Africa Hub Final Report, 2021, p. 8)

Introduction to local support organizations helped local partners to integrate with a larger regional
network that provided additional resources (i.e., local US embassies, regional offices of the Centers
for Disease Control and Prevention (CDC), and the Regional Centre for Mapping of Resources for
Development (RCMRD)). Leveraging geospatial applications like QGIS, OSM, and Cities
Navigator demonstrates the value of the work achieved to local officials and civil society.
The support from the C2M2 program leadership was critical for the successful project execution.
Providing exposure beyond the hub through participation in multiple workshops was hosted by
Harvard University, Colorado State University, and George Mason University. This exposure
enabled the teams to understand how critical their work is, their impact at the local level, and the
need to strengthen local capacities to sustain the work that has been done through the Secondary
Cities and the C2M2 projects.
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Asia Hub - Overview
The Asia Hub guided three city projects: Dhaka, Bangladesh; Ulaanbaatar, Mongolia; and
Kathmandu, Nepal (Figure 11). In Dhaka, the city project studies the migration of economically
vulnerable populations to coastal regions. In Ulaanbaatar, the project worked in ger communities
– informal settlements – to assess access to critical health services. The Kathmandu project
examined the economic and social impact due to the loss of tourism during the pandemic. The
Asia Hub creates data and analysis methodologies for use throughout the region.

Figure 11. Three city partners of the Asia hub

Summary of Asia Hub Projects
Links to supporting materials are found in Appendix 2.
The Asia Hub’s lead Kathmandu Living Labs (KLL) oversees city projects in the capital cities of
three Asian countries – Nepal, Bangladesh, and Mongolia. KLL manages the 2C Pokhara project
as part of the 2C Initiative. Since these are all large cities, each project selected a key thematic area
and identified a sub-city area on which to focus. KLL was part of the 2C Initiative and is a civictechnology company supporting the open mapping movement. KLL provided critical technical
expertise to the C2M2 projects through the development of geospatial applications, dashboard
development, and visualizations. KLL hosted several workshops on data generation, use of
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OpenStreetMap, and outreach to local and regional governments. These interactions created a
strong team that identified common approaches to specific local problems in their part of the world.
Identification of methods for standardization, best practices, and lessons learned was an ongoing
part of the Asia Hub activities.
Kathmandu, Nepal: Given the prevalence of the second wave and subsequent lockdown in April
2020, the arrival of international tourists was halted in the first half of 2021. The C2M2 Kathmandu
team focused on addressing data gaps for tourism businesses and workers and created a C2M2
Kathmandu Portal. The team created a causal loop diagram- incorporating data and insights
derived from project activities highlighting linkages between jobs and mobility (Figure 12). They
mapped and surveyed the tourism facilities in the Thamel district of Kathmandu, an important
tourist hub, to better understand the impact of the pandemic on both informal and formal tourism
workers during the pandemic. The team built an Esri Story Map of the C2M2 Kathmandu project.

Figure 12. Causal Loop Diagram of tourism sector and second-order impacts of the
pandemic in Kathmandu, Nepal. CLDs aided in identifying linkages across sectors as well as
identifying data needs and survey questions. (C2M2 Kathmandu Final Report, 2021, p. 10)
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Latin America Hub - Overview
Latin America has experienced critical economic challenges due to the pandemic. The Latin
America Hub focuses on the spatial analysis and visualization of the emergent properties of
poverty in the form of migration and the collapse of the tourism industry in different cities (Figure
13). Projects were undertaken in Quito, Ecuador; Santiago, Chile; and Lima, Peru to track
migration and mobility of vulnerable populations and their access to services and resources. A
comparative study was conducted to examine the collapse of the tourism industry in Santa Cruz,
Galapagos, Ecuador; Cuzco, Peru; and Ouro Preto, Brazil. The hub incorporates the results of these
studies as they create models and other decision-making tools for use by stakeholders in the region
to mitigate COVID second-order impacts.

Figure 13. Six city partners of the Latin America hub
Summary of Latin America Hub Projects
Links to supporting materials are found in Appendix 2.
Unequal access to vaccines and health services (by both countries and social groups within each
country) and the appearance of new variants of the virus increase uncertainty about the evolution
of the pandemic and the consequent opening and recovery of Latin American economies. Almost
zero economic growth before the health crisis, together with the contraction caused by the
pandemic and the weakness of the welfare state and the health and social protection systems, have
translated into unprecedented increases in unemployment, migration, violence, and insecurity.
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Also, significant falls in income, a decrease in tourist activity, and increases in poverty and
inequality have exacerbated the structural problems that the region already had.
The Latin America Hub is managed by the Universidad San Francisco de Quito (USFQ), where
the hub lead is a professor of geography and the director of the University’s Institute of Geography.
He was also part of the 2C Initiative (2C Esmeraldas). The hub had two main components: 1)
focusing on short-term and long-term migration processes because of the mobilization of millions
of people who recently arrived in large cities from different rural areas and 2) a focus on the
analysis of the collapse of tourism to explore the distributive and multiplicative economic impact
of this specific pandemic and other global pandemics that may occur. Partners analyzed important
issues in relation to the pandemic and its effects, such as, domestic violence, insecurity, education,
vaccination processes, and the political climate in different cities, from both an individual and a
comparative perspective.
All data from the hub projects were uploaded to the Hub Latin America HDX platform following
a common protocol (Figure 14). Data can be viewed and downloaded from this site.

Figure 14. Protocol for C2M2 Latin America upload to HDX platform, C2M2 Latin America
Hub Final Report, Appendix 3. Methods HDX Data.

The Latin America hub created several online tools for data viewing. C2M2 Ouro Preto created a
Geoviewer of maps, analysis, and city data for viewing and download (Highlight Box 7). A data
dashboard for the Latin America hub compares domestic violence between cities (Highlight Box
10), and another dashboard compares tourism impacts between C2M2 city partners (Highlight box
11).
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C2M2 Activities
This section reports significant activities of the C2M2 leadership team to support the hub and
project partners as well as outreach events. These activities include an international virtual
symposium, webinars, workshops, and educational outreach programs (Table 1). In addition, all
project partners hosted local events and activities that are documented in their final reports and in
the AAG final summary of quarterly reports.
Table 1. C2M2 Activities
Activity
Symposium

Webinar 1
Webinar 2
Webinar 3
Webinar 4
Workshop 1
Workshop 2
Workshop 3

Title
International Symposium: Cities’ COVID
Mitigation and Mapping (C2M2) Virtual
Symposium
(June 22-25, 2021)
Defining the Geospatial Characteristics of
COVID-19 Second-order Impacts (December
9, 2020)
Geospatial Data Ethics in COVID-19
Pandemic (February 24, 2021)
C2M2 Visualization Outcomes (September 14,
2021)
Post-symposium Networking Event (August
25, 2021)
Participatory Modeling: Causal Loop Diagram
Workshop
(February 2021)
Geospatial Analysis
(May 2021)

Education
Outreach 1

Writing Workshops
(March 11, 2021; May 28, 2021)
C2M2-CGA Student Mentoring
(Dec 2020 – July 2021)

Education
Outreach 2

Vizathon 2021
(July 29 – August 1, 2021)

Zoom meetings

Zoom planning and update meetings

Description
3 half day sessions on second
order impacts of COVID
pandemic; 1 half day workshop
on geospatial tools
Launch webinar of C2M2
Program
Overview of ethics issues with
specific reference to pandemic
C2M2 Project partners shared
outcome for Education Outreach
2 - Vizathon
Follow up webinar to
symposium to create community
of interest.
Workshop given to each hub due
to time zone difference.
Synchronous and asynchronous
instruction.
Given at request to hubs and
partners.
Mentoring of 14 students and
volunteers with Harvard’s
Center for Geographic Analysis
Outreach event to demonstrate
visualization tools using
geospatial tools and techniques
Bi-weekly meetings with Hub
leads and C2M2 team
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International Symposium: Cities’ COVID Mitigation and Mapping (C2M2) Virtual
Symposium (June 22-25, 2021)
Symposium Program Book and Schedule – links to presentation videos and symposium lightning
talks. Refer to Appendix 3 for participant locations and comments.
The Cities’ COVID Mitigation and Mapping (C2M2) Virtual Symposium was held June 22-25,
2021, to discuss the role of geospatial technologies in addressing second-order impacts of the
COVID-19 pandemic. Focusing on urban areas and vulnerable populations, panel discussion,
lightning talks, keynote addresses, and workshops illuminated the complexity of issues related to
migration, livelihoods, and gender. Participants in the symposium’s panel sessions and keynote
addresses were invited from a diversity of backgrounds and experiences to discuss second-order
impacts from around the world. C2M2 project partners were highlighted in lightning talks to
provide examples of ongoing COVID-19 projects focusing on second-order impacts using
geospatial approaches. The symposium attracted attendees from over fifty countries worldwide,
averaging approximately 150 attendees per day via a zoom webinar link and YouTube live
streaming (Figure 15; Table 2). (The Mentimeter App was used for interactive, online mapping
during the symposium and final attendance figures were extracted from the Zoom meeting metrics.)
In addition, attendees shared COVID-related projects and contact information, providing a means
for a follow-up networking event to facilitate further communication and identify avenues for
collaboration.
The symposium illuminated
the profound effects of
COVID-19 as well as identified
innovative ways to use
geospatial approaches to assess
and mitigate second-order
impacts on vulnerable urban
communities. Central to the
presentations
was
the
observation that the pandemic
exacerbates chronic inequality
revealing the precariousness of
those most vulnerable in
society and the pervasiveness
of inequity around the world.
The second-order impacts of the pandemic expose a suite of common issues, inclusive of the topics
covered in this symposium (migration, livelihoods, gender) that are difficult to parse out due to
their intersectionality, complexity, and interconnectedness. However, these common issues are
place-based, where the impacts on vulnerable populations and their specific geographies will not
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be uniform. The emphasis of this symposium was on vulnerable populations. Definitions of
vulnerability are dynamic, complex, and often not available because these groups are overlooked
and under-examined. In addition, in low and middle-income countries, demographic data are often
limited and outdated. As the focus shifts to identifying and assisting vulnerable populations, there
is an increased urgency in clearly addressing ethical considerations of geospatial data collection
and analysis. Ethical guidelines to protect identity, ensure anonymity and obtain consent are
essential for projects that create visualizations that identify sensitive locations.
Table 2. Descriptive statistics of symposium participants
Day 1

Day 2

Day 3

Day 4

# Registered

813

849

864

868

Unique Viewers

312

227

147

149

Total Users

503

363

228

261

Max Concurrent Views

181

153

86

75

# of countries

53

39

37

40

United States United States United States United States

Top 5 countries
(# of participants)

Nepal

Nepal

India

Nepal

Canada

Malaysia

Malaysia

India

South Africa

Canada

South Africa

South Africa

India

India

Brazil

Malaysia

Germany
Taiwan
YouTube Views
(As of November 1, 2021)

385

211

175
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248

Webinars
Webinar 1: Defining the Geospatial Characteristics of COVID-19 Secondorder Impacts
Overview: This webinar is the first in a series that examines the second-order impacts of the
COVID-19 pandemic through a geospatial lens. This initial webinar focuses on defining secondorder impacts and their spatial characteristics. For example, second-order impacts include school
closures, changing patterns of mobility and movement due to government restrictions on travel
and closed borders, and access to basic services such as health services in informal settlements.
Identifying second-order impacts and their spatial aspects is the first step to identifying data needs
for data collection and analysis to develop adaptive strategies for data-driven decision-making by
local and regional governments.
Schedule (December 9, 2020)
•
•
•
•
•
•

8:00 AM (EST): Welcome, Opening Remarks, Laura Cline
8:10 AM: Webinar agenda and C2M2 Overview, Melinda Laituri
8:15 AM: Africa Hub, Gaston, and partners
8:35 AM: Asia Hub, Nama, and partners
8:55 AM: Latin America Hub, Carlos, and partners
9:15 AM: Discussion, Questions and Comments

A link to the recorded video is found in Appendix 2.
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Webinar 2: Geospatial Data Ethics in COVID-19 Pandemic
Overview: This webinar provides a short presentation (10 min) on their experience with data
ethics during the pandemic. We have selected panelists from different sectors – non-governmental
organizations and academia – to consider data ethics from different perspectives. This discussion
will consider how the pandemic has impacted data generation, collection, and analysis with an
emphasis on geospatial data and vulnerable populations. Geospatial data are central to pandemicrelated analyses such as migration trends, internal mobility patterns, economic closures (e.g., shops,
hotels), evictions, and the distribution of and access to basic services (e.g., schools, health
facilities).
Due to the nature of geospatial data, issues related to security, privacy, and confidentiality are
particularly challenging. Geospatial data reveals where people live, critical infrastructure and can
compromise the security and privacy of communities. To address these issues, geospatial
practitioners and societies have created a code of ethics as well as developed specific analytical
methods and techniques to mask sensitive data and ensure anonymity. This webinar will focus on
these codes of ethics and techniques to facilitate a discussion on efforts to ensure the
implementation of geospatial ethics in practice.
A link to the recorded video is found in Appendix 2.
Schedule: February 24, 2021
Moderator: Melinda Laituri, PI, Cities’ COVID-19 Mapping
Panelist 1: Erica Hagan (GroundTruth Initiative)
•

Using guidelines on mapping with vulnerable populations during the pandemic. These
draft guidelines were created in order to help plan how best to map ethically with
populations that could be considered vulnerable, particularly using open mapping and open
data processes. The presentation will review the key ethical principles and ways to adapt
responsible data protocols to geospatial data during the covid-19 pandemic.

Panelist 2: Stephen Mawutor Donkor (C2M2 Program)
•

Notes from the field: Field data collection and geospatial data ethics. Communication is
at the heart of helping people from a community or a location from which one is collecting
data; this is relevant to understanding the why, how, and what you are trying to achieve.
When this important component is missed, the data collector or process could be at great
risk from the geo concerns and privacy issues. From my brief presentation, I share some of
the lessons learned from working with/on projects from Youthmappers OpenStreetMap
Ghana(Open Cities Africa) and the City COVID Mitigation Mapping projects.
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Panelist 3: Junghwan Kim (University of Illinois at Urbana-Champaign)
•

A guideline for creating COVID-19 maps while considering geospatial ethics. During the
COVID-19 pandemic, mapping is an effective way for public health authorities to
communicate with the general public. In some cases, however, mapping people’s
confidential geospatial data (e.g., home location of COVID-19 patients) may escalate
serious geospatial ethical concerns. Particularly, more geospatial ethical concerns would
be raised when mapping vulnerable populations. This presentation briefly introduces a
guideline for creating COVID-19 maps while considering geospatial ethics. The guideline
is developed out of the results obtained from an online survey with 856 participants.
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Webinar 3: C2M2 Visualization Outcomes
Overview: The C2M2 team created effective geovisualization products that highlight their
geospatial analysis results. The task is to produce a geovisualization outcome that highlights some
of the results obtained from the geospatial analysis that the team has done so far. The
geovisualization outcome includes static maps, story maps, web-based interactive maps,
dashboards. There is no strict guideline regarding the outcome. However, it should include maps
and effective graphic components, such as infographics, charts, and illustrations.
The teams focused on results that to share with the general public and other stakeholders
(Appendix 4).
Timeline:
•
•
•
•

August 13: Initial product (draft) submission
August 14-19: Feedback
August 27: Final product submission
September 14: Each team showcased their product (e.g., 5-mins presentation) at the C2M2
webinar

A link to the recorded video is found in Appendix 2.

C2M2 Program White Paper Page 34

Webinar 4: Post-symposium Networking Event
Overview. This networking event’s goals were (i) to promote the sustainability of an important
ongoing discussion on the secondary impacts of the COVID-19 pandemic around the world and
(ii) to build a global network of researchers, policymakers, activists, and citizens who are interested
in examining the second-order impacts of the COVID-19 pandemic through the lens of geospatial
analysis. In this online networking event, participants showcased their COVID-19 project in a
lightning talk (2-3 mins) format (Figure 16). During the breakout room sessions, participants could
find potential collaborators for their future projects (Appendix 5).
A link to the recorded video is found in Appendix 2.
Schedule: August 25, 2021
Results
•
•
•

•

85 people registered for the event, and 30+ people attended the event.
o Africa (3), Asia (13), Europe (2), Latin America (2), US/Canada (10)
Participants discussed the important topics related to the long-term impact of the pandemic:
adaptation, resiliency, partnership, and sustainability.
One suggestion for future networking events is to have a longer breakout room session. In
this event, the breakout room session lasts about 15 minutes because of a time limit. Future
networking events might carefully consider the time allocation so that participants can have
more networking opportunities.
There was a growing interest in having additional networking events soon to promote the
sustainability of global partnerships during the event. The C2M2 Program team will have
future networking events in the near future.
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Workshops
Workshop 1: Participatory Modeling Workshop: Causal Loop Diagrams
Causal loop diagrams are used to display the behavior of cause and effect in systems. Systems can
be economical, personal, social, physical, etc. Systems consist of elements (or variables) and
interconnections (or links). Elements can increase or decrease (up or down). Interconnections may
move in the same direction (S) or opposite direction (O). Causal loop diagrams can be a useful
tool for visualizing the second-order impacts of COVID-19 and the drivers that cause them to
occur. The elements (or variables) identified in causal loop diagrams may be possible data to
collect for mapping. The interconnections (or links) can inform how second-order impacts may be
mitigated or minimized.
The C2M2 team identified elements or variables. They were recommended to use nouns and avoid
verbs since these are conveyed in the interconnections represented by the arrows. As an example,
they did not use “increasing costs”; they simply used “costs,” which can go up or down. Elements
or variables should be things that can be measured and located. The team drew the interconnections
or links. The team was encouraged to think about causation (i.e., which element causes a change
in another element). Elements can have more than one interconnection with other elements. The
team was also encouraged to think spatially when creating the causal loop diagrams.
The complete version of the causal loop diagram of each team can be found in their final reports.
Schedule: February 2021
Assignment for each team:
•
•
•
•

What are the elements and interconnections in the systems of your projects?
Do the elements represent data that can be collected? How does this diagram compare with
the data you have collected?
Do the elements represent data that can be mapped? What will you analyze? What will you
map?
What did you find challenging about this exercise?
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Workshop 2: Geospatial Analysis
This workshop consists of two parts: (1) Asynchronous session and (2) Synchronous session
(Appendix 6).
1. Asynchronous session
Overview. The purpose of doing this 1:1 asynchronous feedback session is to provide
individualized and detailed feedback about any outcomes (including preliminary/intermediate
analysis outcomes) of each city team (Figure 17). Unlike the synchronized online geospatial
analysis workshop that targets city partners who may not be familiar with geospatial analysis, this
1:1 asynchronous feedback session aims to help the city team who can do a geospatial analysis
with their capacities. Since each city team has a different analysis purpose and diverse methods, it
would be more desirable for Junghwan to provide 1:1 tailored feedback to each team rather than
“one-size-fits-all” workshop-style resources.
Schedule
•

Submission by May 28 (Friday) to Junghwan Kim (Email submission)

Figure 17. Virtual feedback session with Kathmandu Team on Zoom.

2. Synchronous session
Overview. The goals of this synchronous session include (1) to enhance the team’s understanding
of the concept of heat map analysis (kernel density estimation) and (2) to learn how to apply the
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heat map analysis into your c2m2 project. Due to the COVID-19 pandemic, the workshop was
held online via the ZOOM environment. The instructor (Dr. Junghwan Kim) first introduced the
theoretical background of heat map analysis (15-20 mins). Next, participants had a hands-on
exercise. They were provided by the instruction and data for the exercise. During the 60-mins
exercise, they were encouraged to ask questions through the ZOOM window. Lastly, the session
was wrapped up with the summary.
Schedule
•
•

•

May 28, Friday, 9:00-10:30 AM EDT
o 4 participants (4 from Nairobi/Kenya)
June 1, Tuesday, 9:30-11:00 AM EDT
o 5 participants (2 from Ouro Preto/Brazil; 2 from Quito/Ecuador; 1 from Santa
Cruz/Ecuador)
June 2, Wednesday, 9:30-11:00 AM EDT
o 6 participants (3 from Lima/Peru, 2 from Cusco/Peru, 1 from Santiago/Chile)
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Workshop 3: Writing Workshops
Overview. The C2M2 program provides two online writing workshops that aim at providing an
overview of academic writing. The first workshop targets C2M2 student participants, and the
second workshop targets the Africa Hub participants. The workshop covers the following topics:
•
•
•
•
•
•
•
•

Conduct literature review
Conceptualize research scope
Determine objectives and hypothesis
Evaluate data quality and suitability
Select analytical methods
Validate and assess results
Formulate conclusions
Write paper for publication

Schedule
•
•

Writing Workshop for the C2M2 Student Participants: March 11, 2021
Writing Workshop for the Africa Hub: May 28, 2021
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Educational Outreach
Educational Outreach Program 1: C2M2-CGA Student Mentoring
The C2M2 program has operated two educational outreach programs. This section reports the first
educational outreach program, which is the C2M2-CGA student mentoring. Students from diverse
levels (high school and college), fields (engineering, social science, and humanities), areas (U.S.,
Canada, Taiwan, etc.) voluntarily participated in the outreach program. These students were part
of the Coronavirus Visualization Team (CGT), which is a group of students around the world who
gathered to tackle the COVID-19 related issues sponsored by Harvard’s Center for Geographic
Analysis. Students prepared project reports and posters. Posters were shared during the
International C2M2 Symposium. Selected students presented their posters during the C2M2-CGA
student poster presentation session.
In Fall-2020, students worked with their mentors (Dr. Wendy Guan, Dr. Melinda Laituri, and Dr.
Junghwan Kim) to develop the research topics, research questions, and research design (Appendix
7). Student poster presentation activity is one of the important activities related to the C2M2
international symposium as the activity provides a 1:1 research mentoring opportunity to students
as well as nurtures the next generation of geographers and data scientists. 14 Students who have
successfully completed the outreach program also received the certificate from MapGive.
Mentors
•
•
•

Dr. Melinda Laituri (PI of the C2M2 Project)
Dr. Wendy Guan (Director, Center for Geographic Analysis, Harvard University)
Dr. Junghwan Kim (Postdoctoral Fellow, C2M2 Project, Center for Geographic Analysis,
Harvard University)

Student Team Reports
•
•
•
•
•

Full reports and posters are attached in the Appendix 7.
TEAM 1: Using Word Clouds to Compare Second-Order Impacts of COVID-19 in Three
C2M2 Hubs
TEAM 2: Literature Review on the International Second-Order Impacts of COVID-19
Using Geospatial Approaches
TEAM 3: Analyzing the State of Geospatial Analysis in COVID-19 Research
TEAM 4: The Principles of Ethics of Geospatial Analysis in COVID-19
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Educational Outreach Program 2: Vizathon 2021
The second educational outreach program of the C2M2 program was the Vizathon 2021 event
(July 29 – August 1, 2021). Data visualization is a powerful tool revealing patterns to present
information in innovative ways and help us better understand the world. The Coronavirus
Visualization Team hosted Vizathon 2021. The event partners the Cities’ COVID-19 Mitigation
Mapping (C2M2) Program with the Center for Geographic Analysis at Harvard University. The
C2M2 program facilitated three workshops that helped Vizathon participants understand the
fundamental concepts of geovisualization.
This free, four-day event (7/29/2021 - 8/1/2021) brought together a global community of high
school and college-level students to produce and present data-driven insights (Figure 18). Teams
of students selected one of four tracks, analyzed a data set, and presented their findings through
captivating visualizations (Appendix 8). One of the four tracks was managed by the C2M2
program. This track consisted of two challenges for Vizathon participants. Attendees had the
opportunity to show their work to partnering and sponsoring organizations of the Vizathon
(Appendix 8).
C2M2 project partners participated and created specific visualizations based upon C2M2
workshops and project outcomes (see Webinar 3: C2M2 Visualization Outcomes).

Figure 18. Descriptive statistics of the Vizathon participants
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Publications
The C2M2 program has published several academic peer-reviewed research papers that are closely
related to the program. There is a keen interest from project partners to jointly write papers, and
this is an important capacity-building activity of the C2M2 program.
Some of these papers are illustrated as follows:
Laituri, M., Richardson, R. B., Kim, J., Cline, L. V., Viscuso, S., & Schwartz, L. (2021).
Examining second-order impacts of COVID-19 in urban areas. Annals of GIS, 1-12.
https://doi.org/10.1080/19475683.2021.1954087
•

This paper examines the current state of knowledge focusing on the second-order impacts
of the COVID-19 pandemic through a geospatial lens. The purpose is twofold: (1) present
a global program – Cities’ COVID Mitigation Mapping (C2M2) program – focusing on
urban areas that explores second-order impacts through the use of geospatial tools and
technologies, and (2) identify and assess the emerging literature on second-order impacts
using geospatial data and analysis to support this project.

Kim, J., Hagen, E., Muindi, Z., Mbonglou, G., & Laituri, M. (2022). An examination of water,
sanitation, and hygiene (WASH) accessibility and opportunity in urban informal settlements
during the COVID-19 pandemic: Evidence from Nairobi, Kenya. Science of the Total Environment,
Under Review (Revision).
•

This research examines water, sanitation, and hygiene (WASH) accessibility and
opportunity in Kibera and Mathare during the COVID-19 pandemic in 2021. We utilize
the data on water and toilet facilities collected by GroundTruth Initiative in partnership
with Map Kibera Trust (local community partners) between February and April 2021 –
amid the COVID-19 pandemic. By conducting quantitative geospatial analysis, we
illustrate WASH accessibility and related issues that were not evident in previous studies.

The C2M2 team is currently working on writing more academic papers to highlight and
disseminate important findings of the C2M2 program. These papers include: (1) a systematic
review of the role of quantitative geospatial methods in COVID-19 research: text analysis
approaches, (2) investigating healthcare accessibility of Ger districts (informal urban settlements)
of Ulaanbaatar, Mongolia.

C2M2 Program White Paper Page 42

Conclusion
The C2M2 program was a one-year examination of the second-order impacts of the global COVID
pandemic. The pandemic remains ongoing. This exhibits the need for developing mitigation
strategies to address the inequalities exposed and facilitated by the virus worldwide.
There are some important lessons learned from this program:
•

•

•

•

•

•

•

•

Short-term programs cannot address long-term problems. The C2M2 program continued
to develop a global network based upon the 2C Initiative, but issues of continuity and
sustainability remain. Longer-term funding is essential to supporting this network.
Place-based projects illuminate the importance of geography, 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.
Partnerships can leverage resources and improve networks. Exploring connections with
government offices such as CDC regional offices, NASA’s SERVIR program, U.S.
Embassies raise awareness of programs, identify additional, and acknowledge local
expertise. Networking with industry (Esri) and non-governmental organizations, such as
OpenStreetMap and YouthMappers, expand opportunities for local participants.
However, data generation can be standardized in terms of format, attribute definitions,
database management, and data sharing. Geospatial data generation and management can
build bridges between projects through sharing such standards.
Similarly, geospatial data collection and analyses can be applied to many different types of
data. However, it is essential to include documentation (metadata, analytical flowcharts,
workflows) on processes to ensure replicability and reliability of outcomes.
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
service gives a voice to communities and a representation of what is needed to address a
problem.
Sustainability is key to facilitating the network, building robust databases at a variety of
scales (with an emphasis on local-scale data), and maintaining and managing outcomes.
Numerous COVID-related websites and databases are already out-of-date and not being
maintained.
The success of using virtual platforms; the downside was the lack of face-to-face
engagement and learning opportunities; the serendipitous nature of informal discussions
when in-person.

The next steps for C2M2 will include addressing the issue of sustainability through continued
support through grant-writing, outreach to local government for funding, and training and
education at universities.
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Appendix 1. C2M2 Indicator Framework
C2M2 Indicator Framework (11 November 2020)
C2M2 Overview Goals and Indicators (background information)
Goal 1. Track COVID-19 cases and deaths by country to assess changing COVID-19
impacts over time.
• Indicator 1.1: Proportion of population with cases of COVID-19.
o Proportion of population died of COVID-19.
o Track quarterly figures for changes using country data dashboards.
• Indicator 1.2: Identify government responses to COVID-19.
o List of government responses (i.e., Government lockdown – duration)
o Track as implemented.
Goal 2. Determine economic impacts by sector of COVID-19 government-imposed
shutdowns.
Track quarterly figures for 2020-2021.
• Indicator 2.1: National economic figures
o Track quarterly (GDP, unemployment rate, quarterly national accounts = OECD).
Goal 3. Identify COVID-19 second order impacts with geospatial focus.
• Indicator 3.1: List of COVID-19 second order impacts and related geospatial
characteristics and attributes.
C2M2 Hub Goals and Indicators
NOTE: Targeted indicators per sector by project - focus on explicit economic activity of
each project description. Track quarterly figures for 2020-2021.
Goal 4. Determine economic impacts by sector of COVID-19 government-imposed
shutdowns.
• Indicator 4.1: Identify dates of government shutdown.
o Determine economic impacts by sector of COVID-19 government-imposed
shutdowns: Total revenue by sector per quarter.
Goal 5. Develop regional network of geospatial expertise
• Indicator 5.1: Develop list of participants and contact information.
o Measurables: Identify participants and level of expertise. Identify existing
resources to implement geospatial applications (tools and technology).
• Indicator 5.2: Data assessment –
o Measurables: identify data needs for spatial COVID-19 second order impacts.
C2M2 Project Goals and Indicators (specific Hub projects)
Goal 6. Understand and promote use of geospatial data
• Indicator 6.1: Describe existing local data related to C2M2 thematic focus.
o Measurables: Create spreadsheet of data, type, length of record…
• Indicator 6.2: Identify data gaps.
o Measurables: Create spreadsheet of data needs based on gaps in record.
• Indicator 6.3: Develop data collection plan.
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o Measurables: Target audience and tools for data collection; number of workshops,
trainings.
• Indicator 6.4: Implement training workshops and webinars for geospatial data collection
of COVID-19 second order impacts.
o Measurables: topic, # of participants, outcomes.
Goal 7. Facilitate geospatial data collection to address COVID-19 second order impacts.
• Indicator 7.1: Utilize geospatial tools for data collection.
o Measurables: spreadsheet of tools used.
• Indicator 7.2: Documentation of data collected by thematic area.
o Measurables: spreadsheet of data, type, content.
Goal 8. Develop mitigation strategies based upon geospatial data analysis of data collected.
• Indicator 8.1: Geospatial data analysis method.
• Indicator 8.2: Develop geospatial deliverables.
o Measurables: products that include maps, infographics, publications, blogs
• Indicator 8.3: Recommendations to local government and non-governmental
organizations.

C2M2 Program White Paper Page 47

Appendix 2. Links to supporting materials for C2M2 Hubs and
Projects
Event

Hub

City

Bukavu
Pemba
Nairobi
Kathmandu
Asia
Ulaanbaatar
Lightning Talk Video
Dhaka
(This video provides a friendly
introduction to each city
Santiago
partner’s project.)
Santa Cruz
Ouro Preto
Latin America
Lima
Cusco
Quito
Bukavu
Pemba
Africa
Nairobi
Kathmandu
GeoVisualization Presentation
Asia
Ulaanbaatar
(This video illustrates the key
results of each city partner's
Dhaka
geovisualization project.)
Hub
Ouro Preto
Latin America
Santiago
Chile
Webinar: Defining the Geospatial Characteristics of
COVID-19 Second-order Impacts
Webinar: Geospatial Data Ethics in COVID-19 Pandemic
Webinar: C2M2 Geovisualization Outcomes
Webinar: Post-symposium Networking Event
Africa
Hub Baseline Report
Asia
(Integrated)
Latin America
Africa
Hub Final Report (Integrated)
Asia
Latin America
C2M2 symposium white paper
Post-symposium networking event report
Geospatial analysis workshop material
Writing workshop material
C2M2 Certificate
Africa

Link
Video
Video
Video
Video
Video
Video
Video
Video
Video
Video
Video
Video
Video and Story Map
Video and Story Map
Video, School Project, and Water Project
Video, Story Map
Video, Story Map
Video
Video, Tourism, and Domestic Violence
Video, Dashboard
Video
Dashboard: Part 1, 2, 3, 4
Video
Video
Video
Video
Report
Report
Report
Report
Report
Report and Supplementary Materials
Report
Report
Workshop Material
Workshop Material
C2M2 Certificate

C2M2 Program White Paper Page 48

Appendix 3. International Symposium: Cities’ COVID Mitigation and
Mapping (C2M2) Virtual Symposium Attendees Locations and
Comments
An interactive map, using Mentimeter was used each day to have participants identify the country
from which they were calling in from. This provided a visual of where participants were attending
from. Final attendance metrics were extracted from the Zoom meeting platform.
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Figure A3-1. Map of attendees (Days 1 and 2)

Figure A3-2. Map of attendees (Days 3 and 4)
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Attendee Comments:
Overall, 94 participant responses were collected, with responses highest on Day 1 and tapering as
the Symposium progressed.
•

•

•

Survey Responses (Daily Breakdowns)
o 91% of responses indicated agreement/ strong agreement that the event increased
knowledge of second-order impacts of COVID-19.
o 97% of responses indicated agreement/ strong agreement that the event emphasized
the importance of geospatial data and analysis.
o 59% of responses indicated agreement/ strong agreement that the event provided
networking opportunities.
o 89% of responses agreed/ strongly agreed that they can incorporate insights from
today’s event into their work or studies.
o 88% of responses agreed/ strongly agreed with the statement that the symposium
met their expectations.
o 90% of responses rated the clarity of presentations with a 4 or above.
o 87% of responses gave a 4 or above for “engaging delivery.”
o 95% of responses rated the accessibility of the event platform with a 4 or higher.
o The gender breakdown of respondents was nearly 50/50.
Written feedback largely indicated appreciation and emphasized the importance of the
topics covered:
o “The symposium increased my interest in my (geography) department. Thank
you.”
o “I hadn't thought of secondary impacts until I joined this symposium”
o “Spatial insight is a key issue if we want to understand, learn and be ready for the
new world that covid-19 has created.”
o “I very much appreciated and agree with the statement that "Data collection is only
one step toward analysis that will inform outcomes." This is an excellent teaching
guide for student research.”
o “The symposium helps me understand the impact of 2nd phase of Covid 19 in
various fields at global scale. It also helps in analyzing the severity of the Covid 19
at global scale.”
o “It is a great opportunity to be able to learn about the way people all around the
world deal with the implications of this global challenge and get the chance to
apply and adapt the know-how shared in this network to your own local reality.”
Constructive feedback relayed in responses:
o “The presentations by the panelists and "lightning" session presenters were too
short and superficial due to the time constraints. The results and interpretations of
their respective studies were barely discussed by the time was up…I'd prefer quality
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•

•

over quantity when it comes to session content even if it means a somewhat longer
total period of time for the symposium...”
o “Since the end goal should be to inform and aid actions geared towards
understanding or mitigating the effects of COVID-19, it is crucial that the data that
are collected or curated by the city projects should be made open
(anonymized/pseudonymized) to enable civic/public innovation around these data.
I wonder if that should be an active component of all the city projects as we move
into the last quarter of the project.”
o “The language barrier is still a current problem. As the project involves a large
research network around the world, it would be interesting to have simultaneous
translation in other languages.
o “Some of the videos were very hard to understand due to poor audio.”
o “Day 1 was billed as a focus on migration. I don't believe that was actually the
case.”
Questions:
o “Will presentation slides be available for access at some future time?”
o “I strongly believe that another crucial second order effect of the pandemic should
be acknowledged and discussed in an international perspective: how did the
pandemic impact human rights?”
Additional suggestions for future events extracted from participant responses:
o Include closed captioning to increase accessibility
o Address language barriers and access
o Improve audio quality, especially for pre-recorded presentations
o Desire to “learn some new analysis techniques for COVID19 mitigation and impact
analysis”
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Appendix 4. Webinar 3: C2M2 Visualization Outcomes
Table A3-1. List of Vizathon submissions made by C2M2 partners (Visualization links can be
found in Final Reports.)
Hub

City
Partner

Asia

Africa

Latin
America

Title

Nepal

C2M2 Visualization Presentation – Tourism workforce in Kathmandu

Dhaka

Pandemic in Bangladesh: Exploring the secondary impact of COVID19 induced socioeconomic disruption resulting reverse migration from cities

Ulaanbaatar

Access to essential services amid COVID-19 in Ulaanbaatar: A look at challenges in
health and essential service access during the pandemic in ger areas of Ulaanbaatar,
Mongolia

Bukavu

C2M2 Vizathon – Access to health services

Nairobi

COVID-19 secondary impacts in Nairobi informal settlements: education

Pemba

C2M2: Second-order effects of COVID-19 – access to services

Ouro Preto

Data dashboard that includes visualization of geographic data through the R language
using leaflet and flex dashboards packages - crime

Chile

Presentation of multiple datasets from Chilean government offices and open source
data using R language and RMarkdown – crime and domestic violence
C2M2 Latin America Hub Dashboard

Assessment
•

•

•

Overall, the Vizathon showcase webinar of C2M2 city partners was successful as it
provides a unique opportunity to highlight the important results of the C2M2 projects and
to disseminate the results to a broader audience, including personnel from the Department
of State, USAID, and so on.
The webinar discussed how to promote the sustainability of the C2M2 project as the
pandemic keeps affecting the vulnerable populations (i.e., ongoing secondary impacts of
the pandemic).
ArcGIS Story Map was an effective tool to deliver the geospatial analysis results with a
narrative. In the future project, one may consider holding a training seminar focusing on
how to create a powerful story map.
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Appendix 5. Webinar 4: Post-symposium Networking Event
•

•

Schedule
o Welcome and Introduction by Melinda Laituri, Junghwan Kim, and Laura Cline
o Lightning talk session: 17 presenters (including 3 C2M2 hubs and 2 C2M2 city
partners)
o Breakout room session: 3 breakout rooms moderated by Nama Raj Budhathoki,
Laura Cline, and Melinda Laituri
o Closing remarks by Melinda Laituri, Laura Cline, and Junghwan Kim
List of lightning talks (Link)
o Towards an Equitable Urban COVID-19 response policy: The case of Philadelphia /
by Richard Quodomine
o Equitable Development in the Pandemic Reset / by David Capelli
o Covid-19 as Change Multiplier? Global Health Politics between Disruption, New
Inequalities, and Forging Knowledge and Policy Partnerships / Dr. Miao-ling
Hasenkamp
o Just Transition, COVID-19 & Geographies of Child Trafficking/Kidnapping in
Assam, India / Dr. Rituparna Bhattacharyya
o THE IMPACT OF COVID-19 ON SCHOOLS IN ASIAN AND AFRICAN
REGION: UNDERSTANDING TWITTER CONVERSATION THROUGH
SOCIAL AND SEMANTIC NETWORK ANALYSIS / by Dr. Mohd Ali Samsudin
o PANDEMIC IN BANGLADESH: AN EXPLORATION INTO THE SOCIOECONOMIC IMPACT AND COVID-19 INDUCED MIGRATION / by Paromita
Basak
o Multi-dimensional Housing Inequalities and Wellbeing in Pandemic-stricken
Megacities / by Dr. Fabian Terbeck
o Impact of Covid-19 pandemic on household food security and coping strategies
among small-scale farmers in Dr Pixley Ka Isaka Seme Local Municipality, South
Africa. / By Agreement Hlanganayi
o SURVEILLANCE CAPITALISM AND COVID 19 IN ITALY / by Dr. Valentina E.
Albanese
o COVID-19 and an Emerging World of Ad Hoc Geographies / by Dr. Stan Brunn &
Donna Gilbreath
o Transportation Adaptations for Evacuation and Sheltering During COVID-19 / by
Nicole Hutton
o C2M2 CRIME IN THE CITY OF QUITO - ECUADOR / by María Belén Zapata
Ramos
o DRR PATHWAYS: NEIGHBOURHOOD RECOVERABILITY TOWARDS
COVID-19 / by Juri Kim
o Mitigate Covid-19 impacts on health service access in Ulaanbaatar, Mongolia / by
Enkhtungalag Chuluunbaatar
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Appendix 6. Workshop 2: Geospatial Analysis
Workshop Exercise Questions
•
•

•

•

1. Please follow the entire step (#1 - #24) in the instruction in the “TUTORIAL_01.PDF”
file and attach the final map (step #24) to your WORD document.
2. Please answer the following three questions:
o (1) This tutorial uses crime location data. For your C2M2 project, what location
data do you want to use for creating a heat map? Why? How is it related to the
vulnerability of COVID-19’s second-order impacts? In other words, why do you
want to develop and analyze a heatmap by using your data?
o (2) In [Step #8] of today’s tutorial, which radius did the tutorial use? Also, what
was the rationale for their choice? Regarding your C2M2 project, which radius do
you want to use? Can you also provide justifications?
o (3) In [Step #10], the tutorial used the “weights” factor to consider the relative
importance among different crime types. In your project, what “weights” factor
can be used? If you think the weight factor would help your project, what is your
classification system for the importance level (i.e., step #13)?
3. Please download and refer to the attached file (“Mathare_Water.zip”), which illustrates
the location of water points at the Mathare area in Nairobi. In the attribute table, you can
find a column indicating the operation hours. There are two types of operation hours:
limited operation hours (6 AM - 10 PM) and unlimited operation hours (24 hours).
o (1) Separate these points into two shapefiles regarding the type of operation hour.
(Hint: Select by Attribute → Data Export)
o (2) Create a heatmap for each shapefile. Use 10 m as cell size and 200 m as a
radius. Note that the original shapefile has been projected to the
WGS_1984_UTM_Zone_37S projected coordinated system (PCS).
o (3) Compare the two maps and discuss the spatial patterns of water location
density regarding the operation hours.
4. Create an analytical flowchart on the process that utilizes your local data and kernel
density estimation (heat map) method. In other words, what is your input dataset? Which
bandwidth will you choose? What does the expected outcome (heatmap) imply? In other
words, what is the meaning of high(low) density areas?

Procedure for asynchronous session:
•

[Step 1] Each team prepared a brief WORD document that includes:
o Analysis purposes (goals): What are the purposes/goals of conducting this
geospatial analysis? Why do you want to conduct this analysis? Why is the analysis
important?
o Input data: What input data do you use? Does each dataset include pertinent
metadata information? (IMPORTANT)
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•

o Analysis framework (methods): What is the geospatial analysis process? Please
explicitly discuss any assumptions you made. Please explicitly discuss any
parameters (e.g., bandwidth in the heatmap) that you choose.
o Analysis outcomes (results: Preparation for June Symposium): Describe the results.
Interpret the results. What do the results imply for your city’s C2M2 project? Do
the results achieve your goals/purposes? What would be the potential limitation of
your results? Note that these analysis outcomes are important as they will be
presented in the June C2M2-Harvard Symposium.
o Additional questions: Ask any questions you have during the analysis.
[Step 2] Junghwan and Melinda reviewed the document carefully and provide detailed
feedback.
o The feedback can be delivered via email (WORD document) or through online
meetings.
o Please note that the team does NOT need to prepare a visually appealing report
because this document is only used internally (feedback purposes).

Participants’ Comments and Feedback
o Which aspect of the workshop is most helpful to you?
o “Learning how to design a heat map on QGIS.”
o “The spatial analysis disaggregated by hours better represents the spatial
phenomenon.”
o “The theoretical part.”
o “Introduction part and hands on practice.”
o “Deeply Understand the objective of each process with examples.”
o “It was very helpful to reflect on my research project.”
o “Heatmap was incredible, but I would like to know more examples from my
country.”
o Which aspect of the workshop is least helpful to you?
o “None.”
o “All is important.”
o “Everything was helpful to me.”
o “Nothing, really it was very important for the whole workshop.”
o Are there any suggestions you would like to make about how to improve the workshop?
o “There should be a live demonstration in case a presentation is made on a new
tool and/or feature.”
o “A live example can be done; however, the instructional pdf was very clear and
helpful.”
o “Jointly analyze the results.”
o “Live demos for how to create the heatmaps before proceeding to hands-on
practice. Extend the time for the sessions to have enough practice and to also ask
questions.”
o “Perhaps more meetings. Monthly, one hour and a half.”
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Appendix 7. C2M2 Educational Outreach Program
Table A7-1. List of C2M2-CGA student research project participants
Role

Name

Affiliation

Symposium
Presenter

Poster Authors

Team
Members

Sadhana Kumar

Liberal Arts and Science Academy

Yes

Yes

Yes

Sofia Khugaeva

Conestoga High School

Yes

Yes

Yes

Genevieve Chin

UCLA

Yes

Yes

Yes

Eden Brunner

Harrison High School

Yes

Yes

Yes

Kashika Bharol

UC-Berkeley

Yes

Yes

Yes

Sampath Rapuri

St. Mark's School of Texas

Yes

Yes

Yes

Kevin Wang

UC-Berkeley

Yes

Yes

Yes

Roselyn Chin

Mark Keppel High School

Yes

Yes

Yes

Akhil Kumar

Turner Fenton Secondary School

Yes

Yes

Yes

Yogya Kalra

Central Peel Secondary School

No

No

Yes

Aavaiz Raza

University of Toronto

No

No

Yes

Benjamin Chen

Taipei American School

No

Yes

Yes

Shayaan Kaleem

University of Toronto

No

Yes

Yes

Simisola Johnson

University of Toronto

No

No

Yes

Table A7-2. List of student posters (Presented at C2M2 Harvard Symposium)
(Link to the posters)
Poster Title
Using word clouds to compare second-order impacts of COVID-19 between three
C2M2 hubs

Primary
Author(s)
Kumar & Khugaeva
(Equal Contribution)

COVID-19's impact on developing countries: Economy

G. Chin

Understanding the impact of the COVID-19 pandemic on the environment

Brunner

Impacts of the COVID-19 pandemic on global psychological wellbeing and related
sociodemographic factors

Bharol

Impacts of the COVID-19 pandemic on global psychological wellbeing: A text-analysis
approach

Rapuri

Analyzing the state of geospatial analysis in COVID-19 research

Wang

The principles of ethics of geospatial analysis in COVID-19 research
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R. Chin

Figure A7-1. Student poster examples

Figure A7-2. Student certificate example
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Student Research Report (Team 1, 2, 3, and 4)
TEAM 1: Using Word Clouds to Compare Second-Order Impacts of COVID-19 in
Three C2M2 Hubs
Team members: Sadhana Kumar*, Liberal Arts and Science Academy; Sofia Khugaeva*, Conestoga
High School; Simisola Johnson, University of Toronto; Shayaan Kaleem, University of Toronto;
Sampath Rapuri, St. Mark’s School of Texas; *equal contribution
Report date: July 24, 2021
Acknowledgement: This project was completed with the support of Dr. Junghwan Kim, Dr. Melinda
Laituri, and Dr. Wendy Guan. The views and opinions expressed in this article are those of the
authors and do not necessarily reflect the official policy or position of any agency of the U.S.
government. Assumptions made within the analysis are not a reflection of the position of any U.S.
government entity. This work is supported by the U.S. Department of State and NSF award numbers
1841403 and 1841520.
Introduction
The Cities’ COVID Mitigation and Mapping (C2M2) project tracks the impacts of the COVID-19
pandemic and identifies vulnerable populations (Laituri et al., 2021). Specifically, this study identifies
and compares the most prevalent second-order impacts of COVID-19 in three C2M2 partner hubs -Africa, Asia, and Latin America -- by analyzing causal loop diagrams (CLDs) created by the C2M2
partner cities and using them to create word clouds. We focused on six categories of second-order
impacts: ecology and environmental insecurity, economy, health and sanitation, closures (both
business and recreational), international relations and mobility, stress and social violence, and
education. We determined what constituted a second-order impact of COVID-19 from the phrases
located on the causal loop diagrams; these comprised most issues affecting households and
businesses in the C2M2 cities (Gautam and Hens, 2020). As such, we did not focus on any specific
second-order impacts, but rather chose to gauge the broad effect of COVID-19 on cities. Through
our research, specific second-order impacts are highlighted as more prevalent, but we have not
conducted further research on these second-order impacts. However, we have compared both the
most prevalent second-order impacts in cities within a hub and the most prevalent second-order
impacts among the hubs.
The C2M2 network is composed of underdeveloped countries, which are oftentimes
underrepresented in research (Miranda and Zaman, 2010). One of this project’s central goals is to
raise awareness and provide data and analysis of the second-order impacts on these countries.
These countries are usually hit the hardest by global disasters, such as the COVID-19 pandemic, and
later on, because of a lack of resources, take much longer to recover (Akashraj and Edimond, 2020;
Davies et al., 2020). One of the future outcomes of our project will be the creation of easy-tounderstand informational and comparison infographics of the cities in the C2M2 network, which will
allow us to bring more attention not only in the scientific community but in the general public as
well.
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Figure 1. The twelve C2M2 partner cities: Santa Cruz, Lima, Quito, Cusco, Ouro Preto, Santiago, Bukavu,
Nairobi, Pemba, Ulaanbaatar, Kathmandu, Dhaka. Image source: https://mapgive.state.gov/c2m2/.
Methods
The data were collected from the C2M2 baseline reports for countries and hubs in Africa, Asia, and
Latin America (C2M2 Project, 2021). CLDs and background data were extracted from this repository
and analyzed. The Causal Loop Diagrams (CLD) were a visual representation of the main secondorder impacts affecting the C2M2 cities.
First, a word cloud “dictionary” for the CLDs was created to maintain consistency. The dictionary
combined different words and phrases into groups based on which impact they fell under. The
groups were further divided into six further categories to distinguish between impacts.
Spreadsheets were created for each individual city, where the word represented the group from the
dictionary sheet.
To create the word cloud, a standard font (Goudy Bookletter 1911) was used. The “weight” of each
group referred to the number of CLD phrases appearing in that group for each city. On the word
cloud, the “weight” corresponded to the size of the group name. Two types of word clouds, with
repeats of group names and without, using the spreadsheets were created using wordart.com.
Infographics for each city were also created using Canva. They display the similarities and
differences between the cities assessed in this study. A visual representation of this method is
located below.
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Figure 2. A visual representation of the methods for creating word clouds from causal loop diagrams.

Results

All Hubs
This word cloud encompasses all
three hubs and the cities within them.
Access to healthcare, school closures,
and unemployment were the most
prevalent impacts; tourism
restrictions, transportation
restrictions, and political instability
were among the smallest.

Figure 3: Word cloud with results from hubs
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Asia Hub

Asia Hub
This word cloud encompasses the Asia hub,
consisting of Kathmandu, Dhaka, and
Ulaanbaatar. Access to healthcare, sickness,
and cash flow were the most common
impacts, while loss of housing and household
stress and violence were less common.
Figure 4: Word cloud with results from all cities in the Asia hub
Kathmandu, Nepal
Kathmandu is the capital of Nepal, with a
population of 1 million people. Similar to
other cities part of the Asia hub, the more
significant impacts were related to the
economy, such as increased business
cost, and cash flow. Meanwhile, more
minor impacts were related to population
vulnerability and household stress.

Figure 5: Word cloud with results from Kathmandu
Dhaka, Bangladesh
Dhaka is the capital of Bangladesh with a population of 21 million people. Because of a high
population, access to healthcare, lockdown, and consequently mental health problems were among
the prevalent impacts. While unemployment and access to clean water and food were less
prevalent.

Ulaanbaatar, Mongolia
Ulaanbaatar is the capital of Mongolia with a population
of 1,5 million people. Similar to Kathmandu, the most
significant second-order impacts were cash flow and
population vulnerability, along with access to health
care. Unemployment and business closure were less
prevalent but still significant.
Figure 7: Word cloud with results from Ulaanbaatar
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Africa Hub
Africa Hub
This word cloud encompasses the Africa
hub, consisting of Nairobi, Bukavu, and
Pemba. The most prevalent impacts were
school closures, cost of education, and
food insecurity, while closure of public
areas and loss of housing were more
negligible impacts.
Figure 8: Word cloud with results from all cities in the Africa hub
Nairobi, Kenya
Nairobi is the capital of Kenya with a
population of 4.4 million people. Similar to
Pemba, school closures and cost of
education were more significant impacts,
while access to clean water and food
insecurity were less significant.

Figure 9: Word cloud with results from Nairobi
Bukavu, Democratic Republic of Congo
Bukavu is the capital of the Democratic Republic
of Congo with an approximate population of
900,000 people. Unlike other cities in the African
hubs, food insecurity was the biggest secondorder impact, along with unemployment.
Economic equality, household stress and violence
were the smaller ones
Figure 10: Word cloud with results from Bukavu
Pemba, Mozambique
Pemba is the capital of Mozambique with an
approximate population of 202,000 people.
Unemployment, school closures, and cost of
education were the more significant impacts; while
opposite to Bukavu, food insecurity and mental
health issues were among the less significant impacts.
Figure 11: Word cloud with results from Pemba
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Latin America Hub
Latin America Hub
This word cloud encompasses the Latin
America hub, consisting of Quito, Santa
Cruz, Santiago, Lima, Cusco, and Ouro
Preto. The most prevalent impacts were
lack of tourism and crime ratings, while
lockdown and cost of education were
smaller impacts.
Figure 12: Word cloud with results from all cities in the Latin America Hub

Quito, Ecuador
Quito is the capital of Ecuador with a
population of 2 million people. Similar to
other Latin American cities, access to
healthcare, economy, and cash flow are
among the most significant impacts; while
population vulnerability and school closure
are less significant.
Figure 13: Word cloud with results from Ulaanbaatar
Santa Cruz, Ecuador
Santa Cruz is an island in Ecuador’s Galápagos National
Park, known mostly as a tourist attraction. As a result,
opposite Quito, the biggest impacts were on tourism
and ecology, as well as heightened crime rates. While
the economy, unemployment, and cash flow were
smaller impacts.
Figure 14: Word cloud with results from Santa Cruz
Santiago, Chile
Santiago is the capital of Chile with a population of 5.5
million people. The more significant impacts there were
on international relations, as well as population
vulnerability; closure of public areas was a smaller impact
but still significant.
Figure 15: Word cloud with results from Santiago
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Lima, Peru
Lima is the capital of Peru with a population
of 10 million people. Similar to most Latin
American hubs, the biggest impacts were
household stress, access to health care,
along with ecology and pollution. Mental
health, welfare, and school closures were
among the smaller impacts.
Figure 16: Word cloud with results from Ulaanbaatar
Cusco, Peru
Cusco is a city in Peru, known for its
archaeological remains of the Inca
Empire and Spanish colonial
architecture. The most significant impact
was lockdown, along with closure of
public areas and transportation
restrictions; population vulnerability,
mental health, and school closure were
less significant.
Figure 17: Word cloud with results from Cusco

Ouro Preto, Brazil
Ouro Preto is a historical town in Brazil, known for
its baroque architecture. Crime ratings, school
closures, and therefore social stress were among
the more significant impacts, while tourism
restrictions and unemployment were less
significant.
Figure 18: Word cloud with results from Ouro Preto
Discussion
Across all three hubs, the most prevalent second-order impacts identified through the word clouds
were access to healthcare, unemployment, and school closures. After a breakdown by area, school
closures were most prevalent in Africa, compromised access to healthcare in Asia, and crime ratings
in Latin America were all identified as the most common second-order impacts. However, the main
second-order impacts affecting all hubs correspond with governmental lockdown policies like weak
health infrastructure and the inability to support virtual schooling because of the lack of resources.
Governmental lockdown policy also affected the tourism industry with reduced tourism.
Additionally, these inferences are largely based on qualitative data from each city, so they reflect the
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opinions of the citizens and researchers of each city and are not backed by objective quantitative
data. As the pandemic is ongoing and evolving, it is difficult to adjust and correct for the current
most prevalent second-order impacts in each of the study areas; these second-order impacts are as
of March 2021. As government policy naturally focuses on one area of impact more than another, as
government policy evolves, the second-order impacts affecting each city will likely change.

Reflection
Sadhana Kumar: As one of the leaders of the team, a challenge at the beginning of the project was
creating a feasible plan, considering team members’ other commitments and specific goals we were
trying to reach (e.g., the symposium). One thing I learned was the importance of “normalizing” data
and making the data analysis and visualization as easy as possible to analyze. If we hadn’t created
the word cloud dictionary, every word cloud would have had different words on it and that would
have made it harder to analyze. I think in the future, it would be interesting to perform some
analysis specifically regarding the cause and effect portion of the causal loop diagrams. I think those
are major defining features of causal loop diagrams, but for our analysis, we took all of the words
and phrases as separate impacts and didn’t analyze any correlation. Analyzing a correlation could
provide greater insight into COVID-19 second-order impacts and corresponding implementable
mitigation policies. One of the highlights of this project was not only being able to lead this team, but
also to be able to work on a “project within a project” and hear about all of the work that the other
C2M2 project teams were doing.
Sampath Rapuri: Being in this project has allowed me to develop my verbal and written
communication, problem-solving, and analytical skills. It’s also exposed me more to aspects of data
science I previously hadn’t used before. In this project specifically, although it was less quantitative
than the other projects I was involved in (state of geospatial analysis + literature review text
analysis), I still enjoyed the team experience within the project and the weekly guidance from
mentors. As for the next steps, I think being able to make other visualizations that are relevant and
indicate other trends (besides those discovered by word clouds) would be something to do. My
recommendations are to make sure to finish tasks and projects on time unless directly
communicating with mentors/project leads as well to establish strong communication skills. Other
than that, make sure to learn something new and enjoy the project!
Sofia Khugaeva: I am one of the leaders of this team and working on this project has developed my
leadership skills. I learned to make plans for how the team moves forward and make sure that
everyone is doing their job, and one of the problems we had in the beginning was inactivity;
however, now I would say that everyone on the team is committed to the project. I enjoyed learning
to create word clouds and infographics, along with figuring out how to make all of our outcomes be
consistent with one another. I’m hoping that next, we can start making infographics for all of the
cities and hubs, and in the end a training activity that will benefit people who are also trying to
analyze causal loop diagrams, create word clouds or infographics.
Shayaan Kaleem: As a member of the infographics team, I had the pleasure of working with other
students and mentors to create word clouds and infographics which were eventually presented at
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the C2M2 conference. I learned valuable skills such as how to work with a team to achieve a
common goal. In trying to create our final product, I encountered problems such as time pressure.
Balancing this project along with the others I am working on required me to be very organized with
how I spent my time. I resolved this issue by making sure I kept a calendar with all my duties and
deadlines. The highlight of this project was the driven and talented people I met along the way.
Simisola Johnson: I had no idea what to expect when I first joined the C2M2 project. I was, however,
nervous that I’d be inadequate at balancing the demands of the project and other projects I’m
involved in. With the help of engaged team leaders, all of my worries were put to bed. The most
interesting part of the project was comparing the COVID-19 impacts between countries. Reporting
on these differences really shows that although the world was caught up in the same storm, we’ve
all been impacted in different ways. Overall, this experience has been eye-opening and deeply
rewarding.

Conclusions
Through the use of word clouds and causal loop diagrams, we were able to expand on the research
done by the teams in the twelve C2M2 cities. This research deepened our understanding of the
impact of COVID-19 beyond the statistics of cases and deaths. We were able to highlight specific
second-order impacts -- including access to healthcare, unemployment, and school closures -- and
the level of their impact in the C2M2 cities as well as the C2M2 hubs. This research will be useful
when developing policies for economic and social rehabilitation from the pandemic; when
developing such policies, public policymakers should consider the most impact sectors (which
appeared the largest on the word cloud, like healthcare accessibility and education) and target these
areas first. Additionally, as the most prevalent second-order impacts also varied across cities within
hubs, this should be considered when developing city-level policies for pandemic rehabilitation.
Future plans for this project include creating general information infographics for each city and hub
using baseline reports and causal loop diagrams. Additionally, comparison infographics will be
made, comparing cities and hubs among each other. These two types of infographics will provide
some quantitative insight into the qualitative analysis from the word clouds, as they will include
information about major industries contributing to GDP as well as information about vaccination
and social stigma. We also plan to develop training activities detailing the process of creating
infographics and word clouds.
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General Introduction
The COVID-19 pandemic has had devastating direct and indirect impacts on populations across the
globe. In this literature review, we analyzed the second-order effects on the economy, environment,
and mental health. Evaluating these effects of the COVID-19 pandemic is useful, as it paves the way
for targeted therapy and outreach to affected populations. In this literature review, we used a
geospatial approach to target specific LMIC areas around the world and analyzed scientific literature
on the topics of the economy, environment, well-being, and more.
1. Impact on Economy
1.1 Introduction: In this study, COVID-19’s secondary impact on the informal sector and food security
in developing countries is highlighted. There are 2 billion informal workers globally (62% of the
workforce) according to the International Labour Organization. Due to their lack of government
recognition, these workers are vulnerable to the economic shocks caused by COVID-19. Rising food
prices due to COVID-19 have also caused food insecurity among low-income people. There is a
strong need for government support of the informal sector.
1.2 Methods:

Figure 1. Methodology
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We compiled a database of 1612 papers by applying search terms on Web of Science. They were
categorized by their topic, research area, study type, and other relevant factors. Some example
themes include Economy, Society, Employment, and poverty. We then determined if the research
outcome of papers were associated with certain demographics (for example, if the outcome was
associated with a certain gender, age, or socioeconomic status). After the database was categorized,
I seperated articles regarding food/nutrition, employment, and livelihood. It was these papers that
were used to produce a poster showing the economic effects of the pandemic on vulnerable
populations.
1.3 Results:
Impact on Food Security
Since developing countries have limited resources, they are more vulnerable to the economic shocks
brought about by COVID-19.These shocks negatively impact the food supply chain and hinder lowincome individuals’ access to food due to unstable pricing. For instance, in Bangladesh economic
disruption of COVID-19 has left many without a source of income. As a result, households decrease
the quantity and quality of food they eat.² COVID-19’s is impacting both large and small cities in
Bangladesh, as well as low-income and middle-income families, in similar ways regarding food
security.² In Nepal increased food prices are contributing to food insecurity within low-income
households and resulting in poor diet quality.³ Food insecurity due to COVID-19 will potentially
impact children and women the most.³ There is a strong need for “an integrated public health-food
system” in Nepal to ensure residents can access food amidst crisis.³

Figure 2. COVID-19 is estimated to increase world hunger by 1 - 1.6% according to the World Health
Organization.
One research paper from our literature review, “Key Points from Impacts of COVID-19 on Trade and
Economic Aspects of Food Security: Evidence from 45 Developing Countries”⁵ concluded three key
points:
•
•
•

The COVID-19 Pandemic impacts food security status and food supply chain stability in
developing countries.
Food security in lower-income developing countries is associated with the ability to access
affordable food.
Higher-income developing countries are commonly more impacted by disruptions to the
food supply chain.
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COVID-19’s Impact on the Informal Sector

Figure 3. COVID-19 has impacted an estimated 47% of informal workers according to the
International Labour Organization.
COVID-19 impacted 1.6 billion of the 2 billion informal workers globally. These workers typically
cannot access public aid. While governments. have taken measures to support these workers,
governments struggle to identify those in need. Without support, these workers may fall deeper into
poverty or continue working to provide for themselves and their families, risking their health and
undermining public health measures.⁶ In Bangladesh 20 million informal workers are unemployed
due to COVID-19 (of Bangladesh’s 70 million workers, 85% - 90% are informal workers).⁷ Urban,
informal workers in Bangladesh reside mainly in slums and lack resources on COVID-19 health
measures.⁷ Many formal enterprises may become informal, expanding the informal economy.⁷ In
Latin America and the Caribbean about 60% of workers are informal with women more likely to be
involved in informal work⁶ and 61% of informal workers do not have access to social protection.⁶
COVID-19 will likely increase the informal sector in this region.⁶In Peru, informal workers were more
likely to become unemployed or saw larger income declines compared to the average worker.⁸
1.4 Conclusion: The pandemic has caused widespread food insecurity and economic instability
among informal workers. Governments must create effective systems to deliver aid in response to
these issues in order to prevent the expansion of the informal sector and lessen world hunger.
There is limited data regarding the impact of COVID-19 on developing countries. The COVID-19
pandemic is a current event and responses to the issues highlighted in this study are ongoing.

2. Impact on Environment
2.1 Introduction: Throughout the pandemic there has been an exuberant amount of scientific data
being collected, but few have analyzed the second-order impacts of the pandemic, that is what we
have done at the C2M2 program. There has been a lot of speculation around how the environment
will have a long-term impact, similar to how environmental scientists and engineers have been
analyzing climate change (Aydin). Due to the preventative measures taken to combat the
international pandemic, mobility decreased as a mitigation technique (Newbold). Society is now
facing an interesting conundrum as the air quality has improved as well as a decrease in pollution,
but the relevancy of the environment has decreased as social justice and humanitarian concerns
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arise (Barreiro-Gen). The environment is an extremely broad category with infinite subcategories
and trends from this pandemic – therefore this report will be focusing on only specific subdomains
of the pandemic and all the associated information that has been analyzed were derived from the
1600 articles collected within our literature review team. The outcomes analyzed include water
quality, air pollution, waste management, and environmental policy.
2.2 Methods: We collected and analyzed 1600+ research papers; that were then sorted based upon
their topics, regions, and other differentiating factors. However, in this search we did exclude
analyzing environmental papers, therefore, when we began discussing the idea of students
presenting in the C2M2 end-of-year symposium we began to independently analyze all of the papers
that discussed the correlation between COVID-19 and its second-order impact on the environment.
Then after analyzing all the information presented, we began to find some results and create
conclusions based upon the correlations displayed within my research.
2.3 Result:
Air Pollution
As the need for transportation and mobility has decreased, there has been a direct correlation as
the quantity of PM2.5 particles which have decreased world-wide. Although, there is a lot of
reductions in emissions from COVID-19, there is still an increase in Ozone emissions, and emissions
from garbage burning facilities as the amount of household waste has increased. On the other hand,
there has been a decrease in CO2 emissions as well due to the lower usage of oil and reduced usage
of coal-fired power stations, which has led to a holistic decrease of anthropogenic emissions.
Water Quality
Tourism has suffered detrimentally, therefore, the world has seen an increase in water quality and a
reduction in boat traffic. In addition, with the decrease of mobility, oil leakages have decreased, and
water quality has increased. Countries across the planet are experiencing increased cleanliness
water samples and water transparency.
With the reduction of tourism and boat traffic the water pollution in countries, for example Venice,
Italy, where the water transparency is the best that it has been in approximately 60 years. India has
seen that approximately 90.9% of its water samples have converted to ‘good quality’ due to the
pandemic, due to COVID-19 preventative measures.
Waste Management
When it comes to waste management throughout the pandemic, there was a clear divide between
the topic - household waste and medical waste. Due to the fact that the medical materials are highly
infectious and dangerous they have to be specially treated, and in most cases burned as they cannot
be held within typical waste and that causes an increase in emissions. Additionally, when it comes to
household waste the quantity of plastic being thrown out has only increased but the percentage of
people that are recycling has decreased.
Environmental Policy
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Due to the economic burden of this pandemic, many countries and organizations alike have begun
relocating their priorities from environmental concerns to humanity and social concerns. While this
is completely understandable throughout this time of crisis, the priority of the environment has
suffered greatly, and environmental agencies have lost a lot of money in a time where action could
be critical to ensure - to the best we can - the survival of our future generations.
2.4 Conclusion: Although we have already begun deriving conclusions from the papers gathered
within the literature review, in the future we would like to further investigate the impact COVID-19
has on the environment with a larger database. Hence, we would utilize the large database with
other available papers to provide more evidence on this correlation and focus on a long term
implication instead of only short term. In addition, if the opportunity would arise, we would also like
to schedule a conference to corroborate with other researchers who focus on this domain to receive
more feedback from professionals and to receive insight on my research. In addition, as a result of
the forced experiment on humanity, we have been forced to change our lifestyle due to necessity,
and as a result we have been given a glimpse into an environmentally friendly reality. But the
current positive trends in the environment that I have reported are only temporary, for all analysts
and researchers alike have concluded that the likelihood of humanity returning back to its prior
course of destruction on the environment is high if no change occurs.

3. Impact on Mental Health - Review
3.1 Introduction: The COVID-19 pandemic has had devastating effects on populations throughout
the globe. The impact on psychological well-being is a major factor that has many layers;
sociodemographic inequities, economic hardships, availability and accessibility of medical care, and
many other effects of COVID-19 are associated with negative mental health effects (Rodríguez-Rey et
al.). This study looks into specific sociodemographic factors and the associated psychological
responses to the COVID-19 pandemic, as well as the mental health effects on vulnerable populations
with pre-existing medical conditions. Age, gender, and suffering from an ailment are all associated
with psychological distress as a second-order effect of the COVID-19 pandemic (Varshney et al.).
3.2 Methods: 1. Created a search term for Web of Science, 2. Collected, categorized, and analyzed
1612 academic papers, 3. Studied the papers/topics under different lenses, 4. Drew conclusions
from the research results. In the process of the data analysis and review, all p-values less than or
equal to 0.01 were taken as significant, and p-values greater than 0.01 were deemed insignificant.
3.3 Results:
Sociodemographic factors: Age, gender, and financial security are most significantly associated with
poor mental health. The most significant effects occurring throughout the pandemic include anxiety,
depression, and general stress, whereas the prevalence of other mental states, including
uncertainty, helplessness, and fear, is fluctuating with developments and advancements in public
health measures.
Vulnerable populations: People with pre-existing medical conditions have been impacted as a result
of the pandemic. Treatment options have become limited in many parts of the world due to hospital
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overcrowding, shortage of available healthcare workers, financial strain, and patients’
apprehensiveness towards visiting hospitals out of fear of infection by COVID-19.
3.4 Conclusion: There are countless forms of inequity in our world, including gender, socioeconomic,
racial, and more. All of these forms of inequity impact accessibility to medical care, resulting in
disparities surrounding healthcare and treatment. The COVID-19 pandemic unveiled many more of
such inequities. Financial strain as a result of store and company closures, hospital closures as a
result of overcrowding due to COVID patients, not receiving age- or gender-appropriate medical
care, and not receiving the resources and attention required for pre-existing medical conditions are
all inequities brought to light by COVID-19 which impact the accessibility and quality of medical care.
Analyzing such inequities allows us to understand the overall well-being of populations throughout
the world as well as gaps in healthcare accessibility. With this information, we can work towards
initiatives and efforts to reduce disparities in healthcare.
Limitations to this study include a limited database of academic articles and incomplete information
regarding the impacts of the pandemic because it is an ongoing phenomenon. As the course of
COVID-19 progresses, vaccines are distributed, and countries lift restrictions, future studies on the
continuing evolution of psychological responses to the pandemic, changes in mental healthcare
accessibility, and the overall impact of quarantine on both mental and physical health can be
conducted to prepare for and organize appropriate outreach and treatments in a post-COVID world.

4. Impact on Mental Health - Text Analysis
4.1 Introduction: The COVID-19 pandemic’s deterioration of psychological wellbeing in certain
populations is well documented. This paper aims to fill gaps in the literature by reviewing and
comparing mental health literature from lower middle-income countries (LMIC) and non-LMICs using
natural language processing (NLP) (Kola et al., 2021).
4.2 Method: Through a keyword search on the Web of Science, we created a database of 1612
research papers. Later on, we stratified that database by study area, theme, and demographics.
Specifically, we split out data into studies that investigated socio-demographical relationships,
studies on the (general public); studies on university populations), studies on Vulnerable
populations, and studies from LMIC countries. After cleaning, we were able to parse through all of
the text and identify patterns which we were able to analyze using various data analysis and
visualization packages in Python.
4.3 Results:
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The LMIC data indicates a higher prevalence of terms such as “fear”, “threat”, “tension”, and “gender”
whereas those terms don’t occur commonly in the non-LMIC data as reflected by the word clouds.
Moreover, within the LMIC word cloud terms like ‘family’ and ‘disrupt’ are reported more often.
Within the non-LMIC word cloud ‘severe’, ‘global’, and ‘public’ appear more often.

The results of the tf-idf analysis indicate that the terms “family”, “gender”, and “differential” are more
relevant in the LMIC data and in fact do not appear in the most common frequencies in the Non-
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LMIC Data. The LMIC data also indicated ‘cross’ and ‘sectional’ more often, indicating a difference in
emphasis on study type carried out.

As expected, psychological, mental, and distress are all highly associated with each other and are
quite prevalent within the texts. Anxiety, stress, and depression seem to be the most reported
symptoms. It is also worth noting that children and students seem to be the most prevalent
demographics with children being more closely associated with quarantine, lockdown, and
confinement and students being more closely associated with the patients node. Women and adults
also appear as prevalent demographics within the text.
4.4 Conclusion:
To better address existing inequalities exacerbated by the pandemic, more support is needed for
vulnerable demographics and those at risk of harm. Our results give us, however, actionable
information that can be used to identify target demographics for outreach in LMIC and non-LMIC
countries, providing useful data to reduce existing inequalities and curb the psychological impact of
the pandemic across demographics. Still, however, there is much work to be done given the dynamic
relationship between the pandemic, policy implementation, and mental health. In addition to
making a more inclusive dataset, we hope to build a sentiment analysis dashboard capable of
visualizing sentiment in the published literature across time. Limitations to our research however
prevent us from a full view of the pandemics impacts as there is a dearth of published and
translated literature from LMIC countries. Moreover, the evolving nature of the pandemic and the
implementation of various vaccination campaigns makes a comprehensive analysis difficult.
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5. Reflections
Genevieve Chin: By working on this project, I gained experience in conducting literature reviews,
from which I gained a deeper understanding of how COVID-19 has impacted vulnerable populations.
For example, I learned how second-order impacts may not impact all demographics the same. For
example, in the case of food insecurity, children and women may be more negatively impacted in
the long term. When I prepared my poster on the topic of second-order impacts related to the
economy, it was fascinating to review the extent to which COVID-19 is causing a set-back in the fight
to end world hunger/food insecurity. I enjoyed reviewing the research articles. I think that while
doing the literature review was tedious at times, I learned a lot about various aspects of the
pandemic, such as COVID-19’s impact on tourism and the environment. The issue that I encountered
was the lack of papers on developing countries regarding second-order impacts. I am interested in
beginning the journal paper preparation process. Additionally, while I was preparing my poster on
the economy, I became more interested in reviewing the mitigation efforts that countries around the
world are establishing as a result of COVID-19. I am interested in comparing and contrasting the
systems that various governments have created in response to disruptions within the informal
sector and regarding food security.
Kashika Bharol: In the process of conducting this research, I have gained knowledge in the realm of
basic needs, resource accessibility, and second-order impacts of health crises, in addition to
concrete research skills. This was an enjoyable project in which I exercised my skills of attention-todetail, teamwork, and leadership.
Sampath Rapuri: Through the literature review team, I learned more about the process of
characterizing and comparing many different journal articles. Having to keep everything in order, I
also learned more about the organizational process. In my project specifically, I was also able to
make use of my limited knowledge of Python and expand it so that I was able to work on my own
with little input. Being able to take an idea from others and use my own skills to carry it out
completely was a valuable experience for me. In this project specifically, I also enjoyed working in
smaller groups after we were divided into teams to do specific tasks.
Eden Brunner: This project facilitated a lot of growth for me as a student researcher. I have learned
how to conduct a well-organized literature review, which I was unfamiliar with prior to this team. In
addition, I was also given the personal opportunity to present my research from this team, at the
C2M2 end-of-year-symposium, which did not only serve as an opportunity for me to present in a
professional matter, but it also allowed me to really learn a lot about the implications of the
environment from this pandemic.
Aavaiz Raza: This project was a great learning experience for me. This was one of my first time ever
conducting such extensive literature review, and also assisting in preparing an extensive report on
international second order impacts of COVID-19. I also believe that the leadership was a severe help
in structuring the entire process, from the planning phase to execution.
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Introduction
The COVID-19 pandemic has created a massive need for geospatial analysis of information related
to the pandemic across multiple fields. Before the pandemic, countries such as the United States
lacked publicly available spatial data, and as a result data analysts were denied the opportunity to
conduct immediate spatial-based analysis that could have been utilized to mitigate the spread of
COVID-19 (Thakar). Albeit there were a few successful companies that evaded the early months of
the pandemic unscathed, using the temporal evolution of connectivity such as FedEx, UPS, and DHL
(Bombelli). Geographic Information Systems (GIS) and big data methodologies have been utilized to
combat the pandemic and provide relevant information, visualizations, analysis, and aggregation to
support the mitigation of COVID-19 (Zhou). Since the onset of the pandemic, geospatial
methodologies have been applied to topics including but not limited to climate risk, minority
communities, domestic violence, food security, and policy. As such, we must assess the state of
geospatial analysis in COVID-19 research to determine the utility of geospatial methodologies used
in the COVID-19 research community, the barriers to applying geospatial methodologies in COVID-19
research, the areas of geospatial analysis that have been applied to COVID-19 research, and the
ways geospatial analysis can be applied to COVID-19 research. Additionally, it is important to
emphasize the necessity of geographic principles concerning spatial and temporal units of analysis
(Helbieh). Identifying these aspects will help future researchers in the study of pandemics
understand the use of geospatial methodologies in COVID-19 research, as well as the potential
research areas that can benefit from geospatial analysis, and the areas that have yet to be
addressed in geospatial analysis. This project aims to assess the state and applications of geospatial
methods and approaches used to investigate COVID-19 first and second-order impacts. First-order
impacts are defined as the direct outcome of the COVID-19 pandemic such as mortality rates or
infection rate, whereas second-order impacts are defined as the non-patent results derived from
COVID-19 such as environmental implications as well as economic factors.
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Methods
An initial literature review of 1,250 potential sources of interest was conducted across the top 350
geospatial journals ranked by SCImago journal rank indicator to identify aspects such as paper
theme, study area, sources, keywords, and methodologies. A statistical text analysis of the 207 most
relevant papers containing geospatial elements and COVID-19 impacts was conducted through term
frequency-inverse document frequency (TF-IDF), bigram, and network analysis methods using
Python Pandas and the Natural Language Toolkit (NLTK) to identify overlapping areas.

Figure 1 - Methodology and Workflow
Our literature review encompasses studies from all over the world including both first and second
order impact studies.

Figure 2 - Paper Region Makeup

Results
As a result of our literature review, we discovered that: 1) most COVID-19 studies using geospatial
methods used country-level or regional-level data and 2) geospatial analysis methodologies were
most prevalent in studies of the impact of COVID-19 on the environment as well as studies on the
impact of COVID-19 on mobility, disease spread, and economies.
From our bigram and TF-IDF analysis, we found out that: 1) many geospatial studies including those
employing GIS and remote sensing strategies were conducted in the environmental field including
effects of the pandemic on air quality and pollution, 2) ‘Lockdown’ was the most used word across all
207 papers followed by terms including ‘spread’, ‘air’, ‘mobility’, and ‘economic’, and 3) the only
country to appear on the TF-IDF analysis was India (12% of sources). Finally, from our network
analysis, we uncovered those connections include those between infection rate and mortality as well
as confirmed death cases and population density.
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Figure 3 - Word Cloud, Paper Titles

Figure 4 - Word Cloud, Paper Abstracts

Figures 3-4 illustrate the most common words across all paper titles and paper abstracts using word
clouds constructed using matplotlib. The presence of multiple environmentally-related terms such
as ‘air quality’, ‘environmental’, and ‘pollution’ imply that many geospatial studies were conducted in
the environmental field including effects of the pandemic on air quality and pollution.
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Figure 5 - TF-IDF Analysis, Paper Abstracts
Figure 5 shows a term-frequency inverse document frequency (TF-IDF) graph generated using NLTK
which highlights the most frequently used terms across paper abstracts. The results of the TF-IDF
analysis display similar correlations as the matplotlib word clouds above, demonstrating the high
presence of words including ‘lockdown’, ‘spread’, ‘air’, and ‘economic’.

Figure 6 - Bigram Network Analysis, Paper Titles
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Figure 7 - Bigram Network Analysis, Paper Abstracts

Figures 6-7 illustrate the most definitive relationships between words across paper titles and
abstracts respectively, implying that there are connections between infection rate and mortality as
well as confirmed death cases and population density.

Discussion
Our results show us that geospatial analysis has enormous potential to provide many useful insights
into the pandemic, but it is important to address the limitations of existing approaches to geospatial
analysis such as the modifiable areal unit problem and the modifiable temporal unit problem. Tools
like ArcGIS were used to measure Moran’s I and create data visualizations. For example, the LISA
spatial autocorrelation technique was used to generate cluster maps. Many of the studies we
reviewed used country-level or regional-level data. Many researchers conducted longitudinal studies
to analyze the impact on COVID-19 in certain spaces and utilized some form of geovisualization to
communicate their findings. Although studies at this level provide many important insights, we hope
to have finer-level higher-resolution geospatial data to fully understand the impact of COVID-19.
Geospatial analysis methodologies were most prevalent in the study of COVID-19 on the
environment as well as the studies on the impact of the pandemic on mobility, disease spread, and
economies. Limitations of our research include the lack of existing COVID-19 literature containing
geospatial elements focusing on both second-order impacts and low- and middle-income countries
(LMICs). In the future, we hope to further explore the potential and relationships of geospatial
analysis in these applications.
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Personal Reflections
Kevin Wang: This project consisted of the largest literature review I have helped to conduct across all
of my research experiences so far, and I found the strategy of compiling an organized database of
research papers very interesting and useful towards some of my other research projects as well.
Everyone on the team worked hard over the course of a few weeks to review over 207 papers, and
Dr. Kim provided extremely useful advice and insights to help us along the process. The NLP aspect
of the project was the most interesting part for me, and I enjoyed working with the NLTK for the first
time. Moving forward, I would like to continue exploring the associations between and state of
specific geospatial analysis strategies such as MORAN I and LISA to give researchers in the COVID-19
field even more insight into the state of geospatial analysis. I would also like to begin outlining and
drafting a journal or conference paper with the team.
Genevieve Chin: By working on this project, I gained experience in compiling a database of papers,
from which I gained a deeper understanding of the types of geospatial research techniques that
exist through our categorization and labeling of papers. Prior to this project, I was not very familiar
with the different types of geospatial research techniques aside from ArcGIS and visualization
(mapping). I enjoyed reviewing the research articles. I believe the only problem I encountered was
not being able to access some papers legitimately. I think that while compiling the articles was
tedious at times, it was a great learning experience because we had to look over the abstracts of
each article. I am interested in beginning the analysis stage and the journal paper preparation
process.
Aavaiz Raza: This was my first time conducting and being part of a scientific report outside of high
school. Given that, this was a wonderful experience for me and a fantastic learning opportunity.
Guidance during the entire process was very helpful and made everything flow smoothly. The
structure of the project was also simplistic in nature, even given such a complex issue. As far as
technical knowledge, it was also interesting to learn about geospatial analysis. This was a completely
new area of knowledge which I had never tapped into, or even understood. I would also like to show
my appreciation for the individuals who led this initiative and guided the team members. It would be
difficult as a beginner to approach such an abstract concept. Overall, I thoroughly enjoyed the
project and am looking forward to being involved in the near future on other great learning
opportunities.
Sampath Rapuri: Before this, I had never done research. Having this opportunity gave me an
opportunity to increase my knowledge in data science and use more of the skills I’ve learned in and
out of school as well as the opportunity to make a difference by working to shine light on these
important issues during the pandemic. Initially though, I had little idea on what exactly a literature
review process entails and how to analyze data. Through the mentorship of this project, I was able
to learn more about topics I would have never read/learned about before. I've also been able to
work better in a team and communicate effectively with the help and support of my mentors and
team members.
Roselyn Chin: This was my first time doing research about geospatial analysis and this was an
amazing opportunity for me to expand my research interests and gain more experience. I enjoyed
learning about how this type of technology can be used in public health, especially regarding such a
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relevant aspect of the world right now. I was unfamiliar with geospatial analysis and the many
different aspects of the COVID-19 crisis. This resulted in some difficulties when reading I through
papers, searching for methodologies, and understanding the main points. Through this project, I
have improved my comprehension skills of scientific articles and learned many new concepts,
specifically second-order impacts. This was also my first project upon joining C2M2 and I greatly
benefited from my team members’ support and guidance throughout the process.
Eden Brunner: This project was one of the first times I have ever encountered geospatial analysis
and truly analyzed what it means. In addition to learning new terminologies as well as other relevant
information with this project, I was also exposed to a completely new region of geography. This was
one of the first research projects I joined in my high school career, and although I did have some
idea on how to conduct a text, this project provided a lot of insight and instruction within that
domain. I thought that there was a lot of value that we derived within this project, and I have
enjoyed working with this team.
Conclusions
In this report, we analyzed the state of geospatial analysis in COVID - 19. Our literature review
encompasses studies from all over the world, including both first and second order impact studies.
Through our methodology of conducting a literature review of various data sources, followed by a
statistical text and network analysis, we were able to extract insights on the state of geospatial
analysis in COVID-19 research and determine the utility of geospatial methodologies used in the
COVID-19 research community. We found most of the COVID-19 studies using geospatial methods
used country-level or regional-level data. Geospatial methodologies were also the most prevalent in
studies of the impact of COVID-19 on the environment, as well as studies on the impact of COVID-19
on mobility, disease spread, and economics. Our discoveries resulted in observing that researchers
must address and require consideration of geospatial limitations, including modifiable areal unit
problem and the modifiable temporal unit problem. Higher-quality datasets focusing on more
specific regions would allow for better understanding of the impact of COVID-19.
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Introduction
Digital technologies have been discussed and utilized to manage the COVID-19 pandemic and track
the spread of the virus. Network operators have provided phone location data for public health
research and COVID-19 mitigation policies (e.g., digital contact tracing) (Ranisch). This has helped
monitor people in quarantine, improve contact tracing, and give further information about COVID-19
spread. It has helped to create technology to notify people of proximity to infections and suggested
next steps. Data has also been collected by GPS, Internet mapping technologies like Google Earth,
and more (Berman). When utilizing digital surveillance technologies like these, the ethical dilemmas
of privacy and security concerns must be addressed. Another issue geospatial analysis may result in
is discrimination of groups being associated with particular regions, especially repressed minorities
(Berman). By reading through various codes of ethics and reviewing existing papers on public health
research ethics, several concepts have been concluded to focus on. Individual privacy and civil
liberties must be protected when employing geospatial analysis (Smith). Ethical principles such as
data privacy, consent, transparency, universal public data collection, and continuous monitoring
must be constantly applied.

Methods
By reading various codes of ethics and papers, we have determined several crucial principles of
ethics that should be considered. The following principles and explanations have been drawn from
the following codes and articles: APHA Public Health Code of Ethics, UNICEF Ethical Considerations
When Using Geospatial Technologies for Evidence Generation, APA Ethical Principles of
Psychologists and Code of Conduct, and Digital Tools for COVID-19 Contact Tracing: Identifying and
Mitigating the Equity, Privacy, and Civil Liberties Concerns (find full citations in References).

Results
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The crucial principles that should be focused on are data privacy, transparency, public data
collection across all populations, and future monitoring. Keeping data private is a serious concern.
Everybody, particularly researchers and the public, should be made aware of the limits of
confidentiality and the uses of collected data. Then, data must go through an identification process
so that all personal data that may possibly identify an individual must be stripped away. Only
information necessary for research, analysis, and policy decision-making should be kept.
Transparency is another significant principle as a lack of transparency results in flawed and
uncertain representation, consistency, and omitted variables. Public health practices rely on the
trust of communities which needs transparency. This means how the data collected impacts policy
and advocacy needs within local context should always be clearly stated. Researchers need to
explain why information is needed so the public can understand the difficulty and seriousness of
that action. Another concept to consider would be the benefits and burdens of public data collection
across all populations. Public health activities affect all, therefore obtaining data from everybody
with a diverse range of socioeconomic status, ethnicity, and across all demographics is highly
beneficial. By doing this, inclusion is promoted, and it is easier to obtain the ability to find how to
best treat everybody. However, universal data collection may result in inaccurate predictions, trends,
decisions, and bias since data modeling may not consider a region’s social, political, and
environmental context. Future monitoring is essential to maintain these aforementioned ethical
principles. Consistent reviews are also necessary when confirming that research is being done for
the best interest of populations and communities.
We utilized word clouds to present our results in a simple and easy way to understand. We extracted
keywords from lists we compiled for this analysis and resized it to visualize in the presentation.

Figure 1 - Implementation Focus
This first word cloud shows how the implementation focus should be on utilizing data while
performing security practices like obscuring visual details and properly managing secondary data.
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Figure 2 - Potential Burdens
This second word cloud shows that collecting data and trends is crucial but the biggest burden for
institutions to provide is transparency.

Figure 3 - Central Focus
As illustrated by this third word cloud, institutions’ central focus should be on ensuring transparency
while maximizing benefits created with current data.
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Discussion
Our results show that geospatial analysis may be highly beneficial, especially in COVID-19 research.
However, there must be many protocols and processes put in place to make sure there are no
negative impacts on any studied populations. Recording private or publicized information in order to
perform geospatial analysis results in threats of instability regarding privacy and community
relationships. The conclusions made as a result of geospatial analysis may harm communities and
lead to further disadvantages. The resulting data modeling from geospatial data may not consider a
region’s social, political, and environmental context. Furthermore, any conclusions relating to the
relationship between geography and poverty, race, gender, or location could result in trends and
models that could negatively impact certain populations in particular locations. The limitations of
this study include a limited amount of codes of ethics and existing papers regarding this topic. Some
sources used did not directly address geospatial analysis or COVID-19 research and were general
codes of ethics from pre-COVID times.

Reflection
Roselyn Chin: I enjoyed learning about ethics immensely and found their intended role in public
health practices fascinating. This was a valuable opportunity to learn about how civil liberties and
rights are considered in scientific research as well as reflect on the proposed policies to uphold
these principles of ethics. I have never thought much about how much ethics played into decisionmaking and policy creation, so I am glad that I am more informed now. This was the first research
project that I have led which allowed me to improve valuable skills especially organization and
communication. I also learned how to build off the foundation of work others had done although it
was difficult drawing from articles and understanding the core concepts of ethics in the beginning. I
hope to build on the knowledge I have of ethics now and explore its roles in other fields outside of
geospatial analysis.
Benjamin Chen: Infographics such as word clouds are indeed a powerful tool when presenting
information. As regards to the topic itself, doing this research really allows me to dive into Individual
privacy and civil liberties concerns when utilizing large amounts of data. This is extremely valuable
as it is imperative that we draw the line between using information to benefit the public and
intervening in their privacy. One slight concern I faced was there are a lot of specific regulations for
the governments and when collecting data, it was a bit complicated to sum everything up.
Conclusions
When utilizing geospatial techniques in COVID-19 research, ethics should be analyzed and
maintained. Principles of ethics must be considered to uphold the civil liberties of communities
being studied and affected. Such principles include data privacy, the benefits and burdens of public
data, transparency, and future monitoring. Possible future works would be applying the ethical
principles to case studies, examining what the private sector does to promote privacy and ethics,
and producing educational materials to teach about these important ethics. Updates on what work
is being done in government and research institutes to address ethics would also be included.
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Appendix 8. Educational Outreach Program 2: Vizathon 2021
Descriptive Statistics of the Vizathon Participants
•
•
•
•
•

900+ Registered Attendees
20 Workshops & Activities
$20,000 in Prizes
Representing a variety of majors including Computer Science, Engineering, Economics,
Biology, Geography, and Public Health
35+ Countries

Figure A8-1. Map of participants
Attendees had access to the followings:
•
•
•
•

Informative workshops from people with real-life experience making visualizations.
Panels focused on the uses and potential of data visualization.
Prizes that launched attendees' knowledge and opportunities within data visualization
forward.
Socials and networking sessions that created a community of passionate student visualizers
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•

Office hours for all attendees, giving them the chance to form personal connections with
those experienced in data analysis and visualization

Assessment
•
•

•

•

The Vizathon event was successful as it offers important learning experiences to student
attendees as well as widely disseminates the C2M2 program to students around the world.
The workshops facilitated by the C2M2 program introduced fundamental concepts of
geovisualization (e.g., color scheme, projection system) and helped the participants
produce better visualization products.
However, some teams could not successfully engage their visualization products with the
C2M2 challenges. Specifically, they did not explicitly utilize the materials provided by
the C2M2 (e.g., baseline reports and C2M2 Symposium videos) and connect their
products with the C2M2 program. To overcome this limitation, future Vizathon events
may consider adding more mentoring opportunities that may provide useful mid-term
feedback to participants.
Most submitted products utilized interactive web-based maps (e.g., Power BI). However,
there are many other effective geovisualization tools (e.g., ArcGIS Story Map) that
Vizathon participants may use. Future Vizathon events may consider having an
introductory session that showcases many useful geovisualization tools that participants
can adopt.

Workshops
The C2M2 program facilitated three workshops that helped Vizathon participants understand the
fundamental concepts of geovisualization.
•
•

•

Workshop video recordings (Link to Google Drive):
https://drive.google.com/drive/folders/1S44IKRoYGOfDcWuUYZ0iXOKMOPEXvCeR
Workshop 1: Space Time Visualization of COVID-19 Spread in Brazil (by Jeff
Blossom; 7/30/2021, 8-9 AM, EDT)
o Description: This presentation will describe the full life cycle of creating
animated visualizations of the spread of COVID-19 in Brazil on a weekly basis
for 2020, including data preparation and manipulation, R code development and
mapping, map design and display, and final map production using ArcGIS.
Workshop 2: Web-based Geo-visualization 101: Learn to Make Your First Web
Map (by Luyu Liu; 7/30/2021, 10:30 AM - 12:00 PM, EDT)
o Description: As we are witnessing exploding data with larger volume and higher
frequency, the ability to visualize large amounts of information on an interactive
map has never been more crucial. Therefore, web maps are becoming popular for
their flexible, open-source, and accessible nature. This workshop will provide
professional technical training on web-based geo-visualization for beginners.
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•

Workshop 3: Best practices in visualization for decision makers from the U.S.
Department of State (by Laura Cline; 7/30/2021, 1-2 PM, EDT)
o Description: Visualization of data is a key component of how the Office of the
Geographer in the U.S. Department of State communicates with U.S. decision
makers and partners. A 20+ year geographer will share cartographic best practices
and examples of infographics created by the Office's Humanitarian Information
Unit (https://hiu.state.gov) to illustrate how data can tell important stories that
impact peoples' lives around the world.

C2M2 Vizathon Challenges
•

•

•

•

•

Overview: The C2M2 program provided two challenges for the Vizathon. Participants
could choose any challenges that they would like to solve. In addition to the C2M2
challenges, there are other 3 challenges provided by the Vizathon organizer. All in all, 11
teams submitted to the C2M2 challenges. 7 teams submitted to challenge 1, while 6 teams
submitted to challenge 2. 4 teams submitted to both challenges.
Background and Motivation: In late 2019, the outbreak of the novel coronavirus
(SARS-CoV-2) and resulting illness, COVID-19, in Wuhan, China rapidly expanded
across the globe resulting in the declaration of a global pandemic by WHO in early 2020.
A highly contagious disease, the rapid transmission of the virus resulted in immediate
first-order impacts, which included increasing numbers of cases and case fatalities,
stressing hospital capacity, and generating government responses in the form of border
restrictions, lockdowns, quarantines, and public health guidance.
The worldwide scale of second-order impacts soon became evident, including a global
economic crisis impacting all aspects of society, exacerbating chronic conditions of food
insecurity, limited access to health services, and loss of livelihoods. This pandemic crisis
magnifies fundamental inequities that require measures to plan for and adapt to the
longer-term impacts of COVID-19.
These implications highlight the need to generate robust data to track the impacts of the
virus, identify vulnerable populations, and monitor mitigation plans that integrate
information from diverse sources and multiple scales. 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 builds partnerships to enhance geospatial
capacity, generate data, and share maps to support planning for mitigating COVID-19
second order impacts. The C2M2 Program is a global set of urban projects with the goal
to build capacity for enabling mitigation strategies through application of geospatial
approaches (tools, training, and technology) to address the second-order impacts of the
COVID-19 pandemic.
Challenge 1 Description: The C2M2 program works with 12 cities from the globe. Each
city focuses on its unique and critical second-order impacts to find strategies to mitigate
the adverse second-order impacts (e.g., worsening economic inequality). In order to find
the most effective strategy, it is essential to accurately diagnose the current status of the
second-order impacts. In this light, each city partner has produced the initial baseline
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report. However, since these reports are prepared in PDF documents and have an
inconsistent format, it is somewhat difficult to compare reports. Please create a webbased interactive dashboard that highlights the key information from the reports.
Challenge 2 Description: During the pandemic, it is important to assess the vulnerable
population of each country. Some groups of people (regarding
race/ethnicity/sociodemographic characteristics, etc.) may be more vulnerable to the
second-order impacts of the COVID-19 pandemic. Please develop an evaluation
framework to assess the number of vulnerable populations for each country and apply
your framework to assess the vulnerability of each country. Finally, create a web-based
interactive map that visualizes each country’s vulnerability assessment results.

C2M2 Vizathon Submissions
•

•

The winning team of Challenge 1: VaxRate
o Team members: Sujay Shukla, Meliora Ho, Frason Francis, and Anthony Yang
o Product: https://devpost.com/software/vaxrate
o Summary of the product: Vaccination progress and mitigating second-order
impacts are both essential to achieving herd immunity and returning to normal
from this pandemic. However, such data about smaller countries are often left in
the dark. This is why we decided to create two interactive dashboards: one
showing vaccination progress for every country and another reporting findings
from the C2M2 program. In our “Worldwide Vaccination Progress” report, you
can hover over a region to see the % of vaccinated people in its population and
select them to see more specific details like daily vaccination over time. Our other
dashboard features a bubble chart of all the second-order impacts COVID-19 has
had on three cities in Asia. Each bubble shows where the information is taken
from, the area of impact, and a brief description of that. They are colored based on
their reporting location. When you click on a particular bubble, a chart
corresponding to its description will pop up.
The winning team of Challenge 2: Texas Visualization Team (TVT)
o Team members: Aaron B. Bhattachan, Pranav Pattatahunaduvil, and Anish
Easwaran
o Product: https://devpost.com/software/texas-visualization-team-tvt
o Summary of the product: Our team aims to visualize the relationship between the
absolute changes in Human Development Index (HDI) and the Human Freedom
Index (HFI) of each nation from 2013-2019 to foreshadow the levels of
vulnerability for populations of different countries during times of social justice
restriction such as during the ongoing Coronavirus pandemic. Since we're all
working from home, we were inspired by the work that the Coronavirus
Visualization Team has accomplished digitally over the past year, and we wanted
to use Vizathon as an opportunity to add on to their legacy while also resonating
our team's unique perspectives. Throughout Vizathon, we have learned how to
export online datasets, utilize R-Studio to code for the correlation between
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absolute changes in HDI and HFI, and represent these datasets through interactive
visualizers.
Table A8-1. List of submissions to the C2M2 challenges (Student)
Team

Submission URL

Public Health Tracker

https://vizathon-2021.devpost.com/submissions/251174-public-healthtracker

Texas Visualization
Team

https://vizathon-2021.devpost.com/submissions/251622-texas-visualizationteam-tvt

Soul Celestia

https://vizathon-2021.devpost.com/submissions/251628-soul-celestia

Providcy

https://vizathon-2021.devpost.com/submissions/251689-providcy

Covid Visualization

https://vizathon-2021.devpost.com/submissions/251736-covid-visualization

Datavizard

https://vizathon-2021.devpost.com/submissions/251802-datavizard

Public Health Track

https://vizathon-2021.devpost.com/submissions/251822-public-health-track

Economics

https://vizathon-2021.devpost.com/submissions/251848-economics

VaxRate

https://vizathon-2021.devpost.com/submissions/251335-vaxrate
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