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Abstract

This paper presents an interactive geo-visualizer on the incidence of Covid-19 cases, as well as the associated mortality, in the
US-Mexico cross-border strip. This tool allows to compare the evolution of the pandemic process in border municipalities and
counties, using interactive graphs that show accumulated case and death curves. The map includes the information of confirmed
cases of Covid-19 until August 31, 2020 in the 25 US counties and 38 Mexican municipalities adjacent to the border line, which
extend from San Diego/Tijuana to Cameron/Matamoros. It also includes information on the number of border crossings per per-
son from January to July 2020, the purpose of which is to compare the incidence of cases with the behavior of cross-border mobility.
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Resumen

Se presenta un visualizador interactivo de la incidencia de casos de COVID-19 y la mortalidad asociada, en el franja fronteriza
Meéxico-Estados Unidos. Esta herramienta permite comparar la evolucién del proceso pandémico en los municipios y condados
fronterizos, a través de graficas interactivas de las curvas de acumulacion de casos confirmados y defunciones. El mapa incluye los
indicadores referidos, con informacion recabada hasta el 31 de agosto de 2020, para los 25 condados y 38 municipios adyacentes
a la franja fronteriza que se extiende de San Diego/Tijuana, hasta Cameron/Matamoros. También presenta informacién referente al
cruce de personas, durante el periodo de enero a julio de 2020, con el objeto de explorar el efecto de la movilidad transfronteriza
sobre la incidencia de casos.

Palabras clave: frontera; movilidad transfronteriza; México; Estados Unidos; covid-19; coronavirus; geovisualizacion

1. Introduction the US is the first for Mexico, with an exchange volume in the
order of 671 billion a year (Office of the US trade representa-
tive, 2020). These flows have been disrupted by the COVID-19
pandemic with economic and social costs not yet quantified.
From an epidemiological point of view, Mexico and the US
shares a high incidence of COVID-19 cases. In terms of num-
ber of deaths, they occupy the fourth and first place respectively

(CSSE at JHU, 2020).

The border between Mexico and the United States presents
the highest number of crossings in the world, with an annual
volume of 350 million documented crossings (Andreas, 2009).
In term of trading Mexico is the third partner for the US whereas
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Despite the restrictions on border crossing, imposed as of
March when the epidemic began to take hold on both sides of
the border, the data indicates that the flow of people contin-
ues at a level such that a close coupling in the dynamics of the
pandemic on both sides of the border, is expected (Badr et al.,
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2020).

The purpose of the geo-viewer is to provide a tool that al-
lows one to explore the incidence of cases and deaths from
COVID-19 on an interactive map of the Mexican municipalities
and US counties adjacent to the border |(See map), as well as a
comparison of epidemic curves and variations in cross-border
mobility during the health contingency.

2. Methodology

We seek to describe and characterize the epidemiological
process in the border area and communicate the results through
an interactive visualizer. We use as epidemiological indicators
the incidence of confirmed cases and the death count, as well
as the respective rates, only in the border area, with a cutoff
of August 2020. For this we collect data from the CDC and
the health ministry Mexico (CDC, 2020; Secretaria de Salud,
2020; CONACYT et al., 2020). The cartography and popula-
tion data come from INEGI (2020) and the US Census Bureau
(2010). Given the impact of mobility in a pandemic process
and being a border area, we add monthly information on the
cross-border flow of people from the US Department of Trans-
portation (2020).

Our characterization of the phenomenon consists of three
elements: statistical, spatial and temporal description of the in-
dicators. For the first element, we use graphs, measurements of
central tendency and dispersion, classification schemas, identi-
fication of extreme cases, among others. For the second, we use
maps that highlight the spatial properties of the phenomenon,
such as concentration-dispersion, adjacency and connectedness.
For the third, we use graphs that show the dynamics of the in-
dicators, presenting relevant data grouped by day, week, month
and accumulated since the beginning of the pandemic.

Data preparation involved several steps of restructuring and
aggregating the source data to obtain a common structure. For
this we use Python scripts and SQL queries, in a PostgreSQL
database adapted for handling geospatial data through the Post-
GIS extension. The subsequent analysis of the refined data fol-
lows three routes: 1) the description and exploration of the sta-
tistical properties through R-Studio 2) the exploration and pre-
sentation of the spatio-temporal properties through QGIS and
R-studio and 3) the presentation of the results through interac-
tive web charts and maps based on PHP, OpenLayers and D3.js.

In the next section we present results for the descriptors re-
ferred above, moving from the general to the particular. We first
consider aspects related to the entire period in the two border
strips and then we move on to examining regions and munici-
palities, with data disaggregated by month, week and day.

3. Results

3.1. Confirmed cases

Adding the cases from both sides, 221,413 have been tested
positive for Covid-19. Of these, 80.7% (178,731) are registered

in the United States and only 19.3% (42,682) in Mexico (figure
1a). Note that the population on both sides of the border is very
similar: on the Mexican side there are 7.74 M (49.6%) and on
the US side there are 7.85 M (50.4%). Hence, the incidence
rate per 10K inhabitants on the United States side is 227.7 and
on the Mexican side 55.1.

3.2. Deaths

Adding the cases on both sides of the border 10,654 deaths
where registered. Of these, 54.6% (5,816) occurred in Mexico
and 45.4% (4,838) occurred in the United States. This ratio is
closer to the corresponding population proportions.

3.3. Comparison of the number of tests per capita

Figure 2a shows a scatter diagram of the number of tests
with a positive result considering the population and country.
Note that the dispersion around a central tendency for all the
points of a country is much smaller than the dispersion of the
points between both countries. This pattern confirms the infor-
mation that can be obtained from documentary sources, which
points to a more aggressive testing policy on the US side, in
contrast to that of Mexican, aimed at confirming the diagnosis
in patients who already have symptoms (Roser et al, 2020)1.
Figure 2b presents the geographic location and ranking of the
13 geographic units (county or municipality) with the highest
number of confirmed cases. Note that the first eight places cor-
respond to counties and the next 5 to municipalities.

This disparity in the test application rate limits the useful-
ness of the indicator “positive results” to comparisons within
the same country.

3.4. Accumulated number of deaths and death rate by GU:

Figure 3a shows a scatter diagram of the accumulated num-
ber of deaths vs the population by municipality and country.
Unlike graph 2a, this does not show trends separated by coun-
try. The cases of Mexicali BC, Tijuana BC and Hidalgo TX
stand out well above the general trend. At the extreme right of
the graph, San Diego County stands out with a relatively low
cumulative number of deaths for its population size. Figure 3b)
show this trend more clearly. Note in the upper right corner, a
cluster of counties with very high mortality rates and relatively
small populations. In figure 3c we present a map of the 13 GU
with the highest accumulated number of deaths (blue rank) and
highest death rate (red numbers). These 13 units concentrate
the 80% of deaths.

3.5. Pairs county-municipio that share a common border

A common working hypothesis in geography is to assume
that nearby or contiguous geographic entities tend to resemble
each other more than distant entities (Tobbler’s law). Does this
conjecture hold for the mortality rate of municipality-county
pairs that share a common border? Almost all counties are
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Figure 1: Total confirmed cases and deaths on both sides of the border as of August 31, 2020. The proportion (size of the table) and cumulative number cases in
each county or municipality are shown. a) Confirmed cases b) Deaths. / Figura 1. Total de casos confirmados y defunciones en ambos lados de la franja fronteriza,
al 31 de agosto de 2020. Se muestra la proporcién (tamafio del recuadro) y nimero acumulado de casos en cada condado y municipio. a) Casos confirmados b)
Defunciones.

larger than contiguous municipalities, so there are 39 munici-
palities and 24 counties. To prove the aforementioned conjec-
ture, we group in pairs all the municipalities that share a bor-
der with a county or, in the few cases where this occurs, all
the counties that cover the border of a municipality. We add
the deaths and populations and calculate the mortality rate for
the municipalit(y/ies)-count(y/ies) “pairs” and apply a Spear-
man correlation test on the mortality rate (figure 4).

3.6. Mobility through border checkpoints

Given the relevance of mobility as a factor that catalyzes
the spread of the pandemic, many countries have imposed re-

ductions or temporary closures of border posts. How much was
mobility reduced between both countries? When? Is there any
degree of association between the number of crosses and the
accumulated number of deaths in the geostatistical units con-
nected? Figure 5 a) shows the monthly evolution of the num-
ber of crossings of people per month for eight of the 24 border
checkpoints. These concentrate 82% of the flow between the
two countries. Note the gradual reduction from February 2020
to reach a minimum in March, when the flow is reduced to 30%
compared to the same month the previous year. Subsequently,
the number of crosses recovered slightly, stabilizing for several
months at 40-45% normal flow. b) The geographical location
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Figure 2: Confirmed cases by Geostatistical Unit (GU). a) Scatter diagram of the number of confirmed cases according to population and country. The x axis is the
population in millions, the y-axis shows the cumulative number of confirmed cases. b) Location and ranking of the GUs (counties or municipalities) according to
the number of confirmed cases. We applied a Pareto cutoff criterion. These GUs (20% of the 65 GUs), account for 86% of confirmed cases. / Figura 2. Casos
confirmados por Unidad Geoestadistica (UG: condado o municipio). a) diagrama de dispersion del nimero de casos confirmados de acuerdo con la poblacién y
pais. El eje x muestra la poblacién en millones. El eje y muestra el nimero acumulado de casos. b) Ubicacion geografica y rango de las UGs segtin el nimero de
casos confirmados. Aplicamos corte de Pareto de manera que se muestran solo el 20% de las GUs que acumulan el 86% de los casos confirmados.
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Figure 4: Mortality rate vs: county-municipality tuples. a) In each tuple [municipality, county] there can be from 1 to n municipalities and 1 to m counties. b)
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of the main border posts is shown. To explore the possible as-
sociation between the number of crosses and the accumulated
number of deaths, we added the death records and plotted them
against the number of admissions from March to August.

Figure 6 shows a positive correlation of 0.77 with a high
level of certainty: p = 0.0013

3000

2000
R=0.77,p=0.0013

defunciones acumuladas

1000

0e+00 5e+06 1e+07
nimera de cruces fronterizos

Figure 6: Spearman correlation between the number of border crossings and
cumulative number of deaths. / Figura 6. Correlacién de Spearman del nimero
del nimero acumulado de muertes vs: nimero de cruces fronterizos

3.7. Evolution of the number of deaths

Some relevant attributes for the description of the pandemic
process are the moment in which the local spread of infections
or deaths begins, the speed with which they increase or de-
crease, when the maximums occur, if there are rebounds and
if there is synchrony between neighboring GU. In figure 7a) we
group the deaths by week as of August 31, for the 13 GU. Of
note is the high number of deaths in San Diego County, which
remained comparatively high throughout the period. The con-
tiguous municipalities Tijuana and Mexicali start from a simi-
lar level. The number of deaths accelerates rapidly in Tijuana,
reaching a peak of 144 deaths in the sixth week. On the east
side of the border, in Hidalgo and Cameron counties, the on-
set of deaths occurs until week 11. From there it accelerates
until reaching a peak of 264 during week 19. This peak al-
most doubles the previous maximum registered in Tijuana. Fig-
ure 7 b presents the cumulative number of deaths broken down
by day. The fastest growing curves is that of Hidalgo TX. Its
curve reaches the end of the period without flattening. That of
Cameron TX presents a maximum slope similar to those of Ti-
juana and Mexicali, although it begins to accelerate from week
12.

4. Interactive map design and implementation

The interactive map was designed based on the following
considerations:

1) Four views were defined for the layer of municipalities
and counties: a) Death rate per 10,000 inhabitants; b) Cumu-
lative number of deaths; c) Rate of positive cases per 10,000
inhabitants, and d) Cumulative number of positive cases. An-
other layer of information available on the map is that of bor-
der crossings, associated with points that represent migratory
checkpoints. Its size varies depending on the number of monthly
crosses, from January to August 2020.

2) Different color gradients for each country are used to rep-
resent the rate and accumulated number of confirmed cases in
order to reflect the fact that this indicator depends strongly on
the number of tests per capita (see figure 2a).

3) On the other hand, given that the death registry is com-
parable in both countries, a single color gradient was used to
represent the rate and accumulated number of deaths;

4) The cut-off points in the cartographic styles were classi-
fied with the method of Natural Breaks (Jenks) which defines
intervals in such a way that the variance within each group is
minimized while the variance between groups is maximized.
We selected five groups to which we assign the legend "Very
low", "Low", "Medium", "High" and "Very high", respectively.

5) User controls were added that allow to switch between
indicators (Deaths and confirmed cases) and view mode (rate
or accumulated number). When selecting a municipality or a
county, the cumulative curve of the active indicator is displayed
in a plot. A control is included to examine the monthly varia-
tions in the number of border crossings, before and during the
pandemic. Also, when the user hovers the mouse cursor on a
municipality/county or a border crossing point, a window is dis-
played with a summary of cases and rates and with the number
of crossings, respectively.

5. Discussion

In this section we present the spatial distribution of the in-
dicators proposed in this work, grouped by the natural breaks
method.

5.1. Rate of confirmed cases

On the Mexican side, the municipality of Caborca stands
out, as the only one with a confirmed rate of Very High (VH)
indicating a very high number of infections in relation to the
population. In the High (H) group there are 9 municipalities,
7 of which are adjacent to counties in the VH group. On the
US side we find 6 counties in the VH group. Note that the VH
group on the Mexican side roughly corresponds to the Low (L)
group on the US side (figure 8).

In general, a positive correlation is observed between adja-
cent groups on both sides of the border.

5.2. Mortality Rate

As we noted earlier for the death rate indicator, we use the
same cut-off points for counties and municipalities (figure 9).
There are 2 GUs in the VH group: Star (20.7) and Cameron
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Figure 7: Dynamics of deaths by municipality from March 11 to August a) Deaths per week by municipality: b) death accumulation curve. / Figura 7. Dindmica de
la acumulacién de defunciones por UG entre marzo y agosto a) Defunciones por semana b) curva de acumulacién de defunciones.

(17.9). In group H there are 7, only one from the Mexican 5.3. Relation between mortality rate and border crossing

side: Mexicali (13.8). This is consistent with the low corre- Given the correlation found between accumulated deaths
lation found in figure 4. Almost half of the GUs (30 out of 65) and the number of border crossings (figure 7), is there a rela-
are grouped in group VL group with mortality rates below 3.2 (jonghip between the mortality rate and the number of crossings
per 10,000. per port of entry?
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Note that almost all the mayor border posts connect county- (figure 10a). The low significance of the correlation (p=0.49)
municipality pairs, with mortality rates in the VL or L group can be attributed to several factors 1) to the fact that the re-
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Figure 8: Confirmed cases rate per 10,000 population in the border counties and municipalities, by August 31, 2020. Own elaboration based on data from the
Secretarfa de Salud (2020); Centers for Disease Control and Prevention (2020). / Figura 8. Tasa de casos confirmados de covid-19 por 10K habitantes en condados
y municipios fronterizos, hasta agosto de 2020. Elaboracion propia a partir de datos de la Secretaria de Salud, 2020 y el Center for Disease Control and Prevention,
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Figure 9: Death caused by Covid-19 rate per 10,000 population, by August 31, 2020. Own elaboration based on data from the Secretaria de Salud (2020); Centers
for Disease Control and Prevention (2020). / Figura 9. Tasa de defunciones por covid-19 por 10K habitantes. Elaboracion propia a partir de datos de la Secretaria
de Salud, 2020 y el Center for Disease Control and Prevention, 2020
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duction in the number of crosses would have to be much more
drastic to have an appreciable effect. 2) the spatial and temporal
granularity of the data, is too rough to discern the relationship
between mobility and incidence. Being a descriptive study fo-
cused on narrow factors, it presents limitations.

Although the United States government determined the sus-
pension of a large number of economic activities, those consid-
ered essential remained inn operation, some of which employ
Mexican migrant labor. An essential sector that has remained
in operation during the pandemic is that of agro-industrial pro-
duction, in which California has a great importance, since it
concentrates between a third and a half of the day laborer em-
ployed in the United States. A significant part of this labor
sector is made up of migrant, immigrant and Mexican workers,
who represent 19% of the total (Santos and Sédnchez, 2020).
Many of these workers are transmigrants (commuters), that is,
they have temporary permits (H-2A visas or green cards), re-
side in Mexico and cross the border on a daily or weekly basis.
In this sense, the case of the agricultural valleys of Imperial and
Coachella stands out, as their workforce includes a significant
percentage of workers who reside in Mexicali (Fimbres and Or-
tega, 2001).

The case of the Export Maquiladora Industry stands out, in
which Baja California is the state with the largest number of
establishments (INEGI, 2020), many of which were reopened
after a brief period of suspension with the argument of guaran-
teeing the operation of the called “supply chains”, which had
an impact on the increase in infections in the local labor sector
(Sandoval, 2020).

6. Conclusions

This is just one reading of many, which shows the need to
address the fight against the pandemic on the northern Mex-
ican border and the southern US border from a cross-border
approach. Likewise, the maps highlight the importance of car-
tography and geography in confronting the spread of the virus,

but at the same time, they show some limitations of traditional
cartography, since the pandemic is a dynamic phenomenon that
changes every day. In this sense a constant update of maps is
needed. Geo-visualization tools and interactive data dashboards
are essential to face a phenomenon as complex and changing as
the current pandemic.
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