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1 Introduction

The Global Learning and Observation to
Benefit the Environment (GLOBE) Program is
an international citizen science and education
program. GLOBE provides students, scientists,
and citizens worldwide with the “opportunity to
participate in data collection and the scientific
process, and contribute meaningfully to our un-
derstanding of the Earth system and global en-
vironment” [1]. The program collaborates with
the community to promote science education, en-
hance environmental literacy and stewardship,
and promote scientific discovery.

The GLOBE Program puts a heavy empha-
sis on data collection and distribution. The data
collected includes earth observations such as tree
height, cloud type, precipitation, etc. Training
is required for all individuals who enter data
into the GLOBE database and GLOBE part-
ners and Country Coordinators typically con-
duct trainings for GLOBE protocols. Teach-
ers are trained through in-person workshops and
eTraining modules while citizen scientists receive
training by following prompts in the GLOBE
Program’s App, GLOBE Observer. Training is a
strong part of the Program and serves to ensure
high quality data collection. Without training,
entering data is not permitted. More informa-
tion about the GLOBE protocols can be found
on globe.gov. Scientists benefit greatly from the
contributions of citizen scientists and students
because they contribute complementary, usable
data that enhances their projects. For example,
these data are used to ground-truth matching
satellite measurements, expanding the capacity
for data collection and data quality that is other-
wise limited by time and resource constraints. [2]

1.1 COVID-19 Pandemic

On March 11, 2020, the World Health Or-
ganization (W.H.O.) declared “SARS-CoV-2”
(COVID-19) a pandemic — a globally disrup-
tive event. As of December 31, 2020, 83.5 mil-
lion cases and 1.85 million deaths globally and
20.06 million cases and 353.6 thousand deaths
in the United States had been reported [3]. In
the United States (US) at the end of May 2020,
36.5% of COVID-19 patients were admitted to
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the ICU (compared to 17.6% admissions for in-
fluenza patients in the same time frame) and 21%
of COVID-19 patients died while hospitalized
(relative to 3.8% influenza patients)[4]. Addi-
tionally the median hospitalization duration for
COVID-19 patients by the end of May was 8.6
days relative to 3 days for the median duration
of influenza patients|4].

In response to the fluctuating increase of
COVID-19 cases since January 2020, public
health officials[5] encouraged frequent hand-
washing, public mask wearing, social distanc-
ing by maintaining 6 feet of space (or approx-
imately two meters) between people, and avoid-
ing enclosed and crowded spaces — efforts that
are known to reduce the spread of the virus[6].
The W.H.O. provided a list of quarantine sug-
gestions for individuals who felt sick[7]. Nearly
all countries instituted some form of lockdown,
restrictions, or curfew either on a city, county,
state, or country level[§].

1.2 Structure

This paper summarizes and provides a broad,
descriptive analysis of GLOBE data submissions
based on data entry types, GLOBE regions, and
selected protocols over time. We discuss poten-
tial pandemic impacts on GLOBE data collec-
tion and submission and note that data collec-
tion and eTraining continued throughout 2020
despite the pandemic. In addition, the analy-
ses of GLOBE data collection trends show that
pandemic-related restrictions (e.g. mandated
stay-at-home orders in 42 U.S. states and territo-
ries between March and May [9]) potentially de-
creased the quantity of citizen science data sub-
missions received.

Although many citizen science organizations
have reported success (in terms of increased com-
munity data submission) in 2020 despite the pan-
demic[9]]|10][11][12], few have tracked the change
in data submissions over time through the end of
2020. This report aims to provide an overview of
GLOBE data submissions throughout the pan-
demic. In addition to tracking submissions dur-
ing the pandemic, GLOBE is uniquely positioned
as an international citizen science and educa-
tional organization which allows for worldwide
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comparisons of data entered during the pan-
demic. GLOBE is particularly notable because
it collaborates directly with schools as well as
citizens. This paper aims to provide informa-
tion about GLOBE data in 2020 contextualized
by COVID-19 and relative to previous years and
across regions.

1.3 GLOBE Countries

As of December 31, 2020, the GLOBE Program
had established formal partnerships, with the
support of NASA and the Department of State,
with 124 countries. Specifically, GLOBE regions
include Africa (27 countries), Asia and Pacific
(A&P) (18 countries), Europe and Eurasia (EE)
(44 countries), Latin America and Caribbean
(LAC) (20 countries), Near East and North
Africa (NENA) (13 countries) and North Amer-
ica (NA) (2 countries). A map of the GLOBE
regions and participating countries can be seen
in Figure A full list of the countries can be
found on the GLOBE website| and in the Ap-
pendix, Figure A larger version of the map
in Figure[I] can be found on the GLOBE [website.

mmmm

Figure 1: GLOBE Regions

GLOBE countries in the LAC region are rep-
resented by the color orange, GLOBE countries
in the Africa region are represented by purple,
GLOBE countries in the A&P region by green,
GLOBE countries in the EE by blue and GLOBE
countries in NA by yellow. These colors will be
used to represent these regions throughout this
paper. A color key for these regions can be seen
in Figure 2

The gradient colors within the color key rep-
resent individual countries in the GLOBE re-
gions. Country specific data are not investigated
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in this paper and the country color gradient is
used as a representation of countries within the

regions.
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Figure 2: Region Color Key
2 Data

To conduct our analyses we used data from
six different sources. The primary data sources
were Our World in Data, The New York Times,
Worldometers, and GLOBE. The first two data
sources were selected because they track and up-
date COVID-19 case information daily. Worl-
dometers was selected as a source because it is
“run by an international team of developers, re-
searchers, and volunteers with the goal of making
world statistics available in a thought-provoking
and time relevant format to a wide audience
around the world.”

The first COVID-19 dataset, compiled by
Our World in Data, contains daily summary
data for countries and territories such as the
number of new COVID-19 cases, the number
of new COVID-19 deaths, the total number of
COVID-19 cases, the total number of COVID-19
deaths, weekly COVID-19 cases, weekly COVID-
19 deaths, biweekly COVID-19 cases and bi-
weekly COVID-19 deaths for each day in 2020.
The second dataset contains similar COVID-19
information for each state in the United States,
compiled by The New York Times. The
third dataset, also compiled by Our World in
Data[14], contains each country or territory and
it’s current population estimate. The fourth
dataset, found on Worldometers[13], containing
country/territory area data was used to calculate
population density.

The first GLOBE dataset is retrieved from
the GLOBE database. This dataset consists of
data submissions organized by protocol, submis-
sion type (the GLOBE Program’s app (GLOBE
Observer App), email data entry, mobile data
entry, web forms, and automated weather sta-
tions), and by location (country and GLOBE re-
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gion) for each day in 2020 as well as data on
the number of e-trained or workshop trained in-
dividuals. The second GLOBE dataset consists
of GLOBE ADAT (Advanced Data Access Tool)
and Visualization Tool access statistics. GLOBE
protocol, submission count, and location data
are publicly available.

In the figures that follow in section
GLOBE data were analyzed from 2016 or 2017
through 2020. The primary reason for these se-
lected years is that the GLOBE Observer App
was released for Android on April 20, 2016 and
on iOS on April 22, 2016. Some data submissions
start in 2017 to include a full year of data and the
resulting analysis includes data captured from
2017-2020. For all other analyses, the GLOBE
data begins with January 2016.

Using these six data sources, we analyzed
GLOBE data through the lens of the COVID-
19 pandemic.

3 Results

Entry of data into GLOBE’s databases re-
quires training of both teachers and citizen scien-
tists and data may be submitted in a number of
ways. Data submission types include automated
weather station measurements, web forms, email
submissions, and App entries. Below we present
trends in data entry over time as a whole and
for each of these means of entry as there are dif-
ferences in accessibility and utility by region and
country. We examine data entry by region and
by week in order to view yearly trends related to
school year cycles and global events. Through-
out the figures that follow we use a color scheme
consistent to that presented in section for re-
gion and country, as well as a color scheme for
years that is consistent across all graphics.

3.1 Participating Countries

To begin our investigation into the impacts of
COVID-19 on GLOBE data collection, we start
by looking at the total number of “participat-
ing” countries by year. Here, we define “partici-
pation” as having submitted data at least once.
By the end of 2020, NA had 2 participating
countries, NENA had 7 participating countries,
EE had 26, A&P had 9, Africa had 11, and LAC
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Figure 3: GLOBE countries that submitted data

In Figure [3] we note that A&P, EE, LAC,
and NA have seen relatively consistent partici-
pation. The Africa region had a slight decrease
in countries submitting data, however the total
number of countries participating is still greater
than the number observed in 2017. The NENA
region had an increase in participation over time
and the total participating countries remained
steady between 2019 and 2020.

In addition to observing which countries sub-
mitted data from 2016 to 2020, this paper also
investigates the total number of COVID-19 cases
as of December 31, 2020 by population density
in GLOBE countries to assess whether particu-
lar GLOBE regions were more heavily affected
by COVID-19 in terms of population density.

The total number of COVID-19 cases by pop-
ulation density for GLOBE countries (all values
rounded to the nearest integer) are presented in
Figure[d] The equation used to calculate the to-
tal COVID-19 cases by population density can
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be seen below.

ngsl COVID-19 cases
population density

_ total COVID-19 cases in 2020

~ population in 2020=country area
where i is the day of the year in 2020.

As of December 31, 2020, there are a num-

ber of countries that had cases by population
density less than 1, such as Bermuda (0.199),

Fiji (0.386), Marshall Islands (0.005), Mauritius
(0.327), Seychelles (0.460), and Taiwan (0.469)
that are not seen on the map. Of all GLOBE
countries with values greater than 1, Vietnam
had the lowest number of total COVID-19 cases
by population density and the United States had
the highest. The NA GLOBE region had the
highest number of COVID-19 cases by popula-
tion density, LAC had the second highest and
EE had the third highest.

GLOBE Country Total Cases by Population Density >1 (2020)

Location: United States
Cases by Pop Density:
230,582

©2021 Mapbox © OpenStreetMap

Cases by Pop Density

0 250,000

SN

Location: Vietnam
Cases by Pop Density: 2

.

Figure 4: GLOBE Country Total COVID-19 Cases by Population Density.

3.2  Weekly Submissions

We analyzed the total number of GLOBE data
submissions over the past 5 years (2016-2020). In
the following figures, submissions are reported by
year and by submission type. Each figure shows
the data trend over the course of a year grouped
by week. In other words, each data point repre-
sents the total number of submissions recorded
during a given week. Week 1 and week 53 are
excluded from the figures because they contain
different numbers of days from year to year.

Note that for the following figures, COVID-
19 was declared a pandemic on March 11, 2020
(week 11) by the W.H.O.; many GLOBE coun-
tries (particularly in A&P) were dealing with the
crisis much earlier.

Figure [5| shows the total number of GLOBE
submissions over the past five years. The data
show an increase in the total number of weekly
submissions over time. From 2016 to 2020 we
observe progressively more submissions and in
2020 an average of approximately 160,000 sub-
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