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Abstract 

The first cases of the CoViD-19 disease in Mexico came from abroad in February 2020. Com-

munitarian propagation accelerated the infection in the big metropolitan areas of Mexico, such as 

Valle de México Metropolitan Zone (VMMZ), were located the biggest people concentration in the 

country. In this study, we evaluate the spatial distribution of the positive cases and deaths in VMMZ 

at municipality level through a spatial econometric model that include socio demographic and eco-

nomic variables, besides we explore the active cases in México City at neighborhood level. We 

found significant spatial effects, most notably in positive cases, that could help to explain the stage 

of the disease, in both municipality and neighborhood. The model shed light to observe how the 

CoViD-19 hits harder at the municipalities more densely populated and where the urbanization pro-

cess was deeper, compared with those peripheral, nevertheless, worst living conditions also exhibit 

a positive relationship, in both positive cases and deaths. 

Keywords: CoViD-19, spatial econometric analysis, Valle de México. 

JEL classification: I14, R19, C59 

Resumo 

Os primeiros casos da doença CoViD-19 no México vieram do exterior em fevereiro de 2020. A 

propagação comunitária acelerou a infecção nas grandes áreas metropolitanas do México, como a 

Zona Metropolitana do Vale do México (VMMZ), onde se localizava a maior concentração de pes-

soas na região. país. Neste estudo, avaliamos a distribuição espacial dos casos positivos e óbitos em 

VMMZ em nível municipal por meio de um modelo econométrico espacial que inclui variáveis 

sociodemográficas e econômicas, além de explorarmos os casos ativos na Cidade do México em 

nível de bairro. Encontramos efeitos espaciais significativos, principalmente nos casos positivos, 

que poderiam ajudar a explicar o estágio da doença, em ambos os níveis município e bairro. O mo-

delo lançou luz ao observar como o CoViD-19 atinge mais fortemente os municípios mais densa-

mente povoados e onde o processo de urbanização foi mais profundo, em comparação com os peri-

féricos, no entanto, as piores condições de vida também apresentam uma relação positiva, tanto nos 

casos positivos como nos óbitos. 
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1. INTRODUCTION 

The vaccine program in Mexico started on December 23rd, 2020, nevertheless, up to June 22nd 

2021, almost 2.5 million cases of CoViD-19 and 231.3 thousand deaths were reported in Mexico 

(Dong, Du and Gardner, 2020). As in the other countries but China, in Mexico the novel coronavirus, 

SARS-CoV-2, came abroad in February 2020. After some weeks, the communitarian propagation 

accelerated contagion in the big metropolitan areas of Mexico, such as México Valle Metropolitan 

Zone (VMMZ). The risk of exposure of the virus and hence the risk of death by CoViD-19 are 

associated with geographical, social, economic, and even climate and pollution factors (Coccia, 

2020; Qiu et al., 2020; Sannigrahi et al., 2020). 

The VMMZ is an extremely inequal metropolitan area where the gap between the highest and 

the lowest municipality per capita income is almost 6 times in 2015 (PNUD, 2019). There is evi-

dence that these sociodemographic disparities have contributed to explain the differences at positive 

cases and death at a local level. Jaramillo (2021) shows how the poorest settlements in Mexico City 

have registered the highest number of cases compared to the neighborhoods where people of a higher 

socioeconomic level live. Hernández (2020) presents evidence of the high rate of infections among 

the population that shares the following characteristics: low schooling, inadequate nutrition, comor-

bidities, living with a certain degree of overcrowding and in localities where there is a deficit of 

access to basic services, all this combined with precarious economic conditions, forced them to have 

breaking the confinement and exposing themselves to contagions. These ideas about how the popu-

lation with the greatest economic limitations are those that are most exposed to contagions and their 

consequences are also present in several studies (Rivero, 2020; Guillón, 2021; Galindo, 2020 and 

Rivera, 2020). 

At the same time, the geographical characteristics of the disease spread have been a research 

topic in epidemiology a long time ago as well as the use of spatial analytical tools in epidemiology 

and other disciplines. From the famous cholera map by John Snow (1813-1858), father of modern 

epidemiology, various methodologies and techniques have been developed where geographic anal-

ysis is used to understand the processes of spread of infectious diseases. This is documented by Cliff 

et al., (1981) where, from a multidisciplinary perspective, a historical review is offered on the cen-

trality of geographical elements in the analysis of the dynamics of epidemics. In the same direction, 

Smallman-Raynor and Cliff (2004) detailed, from a historical perspective, disease spread patterns 

in military and civil conflicts. The key argument here is that geography is a node that connects 

epidemiology with other disciplines, in such a way that its analytical capacities are enhanced. 

Regarding the CoViD-19 pandemic, there have been attempts to explore the spatial effects of the 

transmission. Multiple studies use geographical information systems (GIS), to explore the spatial 

patterns of concentration of infections associated with the characteristics of the population, as well 

as multiple variables associated with the urban environment (Ghosh and Cartone, 2020; Cordes and 

Castro, 2020; Sun et al., 2020; Kang et al., 2020, Franch-Pardo et al., 2020; Molallo et al., 2020). 

The differences at socioeconomic level like income and poverty (Sannigrahi et al., 2020) and spe-

cific occupational sectors (Mongey and Weinberg, 2020) have been mentioned as relevant charac-

teristics to explain the spread of infections and risk of contracting the disease. Moreover, the spatial 

relations between the infection and socioeconomic characteristics are also part of the discussion 

(Maroko et al., 2020). 

In geographical studies and in other disciplines such as medicine there is a problem called eco-

logical fallacy (Schwartz, 1994; Piantosi et al., 1988; O'Sullivan and Unwin, 2010: 39-40; Harris, 

2006). In a nutshell, this problem could be characterized as follows:  results from geographic data 

at a certain aggregation level could not be correct when they are extended to others aggregation 

levels due to the heterogeneity presented in the data and could carry to inexact inferences. 

In this context, there are two objectives in this paper. First, we evaluate the spatial distribution 

of the positive cases and deaths in VMMZ at municipality level. Secondly, we explore the active 
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cases in México City at neighborhood level. The remaining document is structured as follows. The 

next section shows a general picture of the first pandemic wave at VMMZ and explores the presence 

of spatial autocorrelation through classical measures. Then, we propose an econometric spatial 

model in search of capture the geographical effects of the disease at municipality level and its asso-

ciation with economic and social characteristics of the spatial area units between February and Sep-

tember 2020, when the first pandemic wave took place. The next section is dedicated to the spatial 

exploration of the active cases at neighborhood level only for México City where we compare and 

comment on the results of this and the previous section in the context of the ecological fallacy prob-

lem. The fifth section is dedicated to the discussion of our results and some recommendations. 

2. THE PANDEMIC COURSE OF VALLE DE MÉXICO METROPOLITAN 

ZONE 

With a population of almost 22 million people by 2020, VMMZ is the biggest metropolitan area 

in Mexico and one of the most in the world. The VMMZ is integrated by 76 municipalities, a local 

administrative delimitation in Mexico, that belongs to three different states (intermediate adminis-

trative level): México City, Estado de México, and Hidalgo. 

Figure 1. Valle de México Metropolitan Zone 

 
Source: Own elaboration based on INEGI (2020). National Geostatistical Framework. 

Between March 1st to September 30th 2020, 198 thousand 664 positive cases of CoViD-19 and 

20 thousand 497 deaths caused by this disease were recorded at VMMZ, the most in México City. 

The municipalities of Milpa Alta, La Magdalena Contreras and Cuajimalpa de Morelos, showed the 

higher number of positive cases while on the other hand, Azcapotzalco, Gustavo A. Madero and 

Iztacalco, showed the higher number of deaths per thousand people respectively. Moreover, the spa-

tial distribution of both variables differs: whereas the positive cases are in the southern (figure 2 and 

3), the deaths are grouped in the center municipalities, with some North and Northeast municipalities 

in the third classification group. 
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Figure 2. Positive cases and deaths per 1,000 inhabitants in Valle de México between March 1st to 

30th September 2020 

 

Source: Based on National Epidemiological Surveillance System (SINAVE), Mexican Government. 

 

Figure 3. Positive cases and deaths per 1,000 inhabitants in Valle de México between March 1st to 

30th September 2020 

  

Source: Based on National Epidemiological Surveillance System (SINAVE), Mexican Government. 

In order to statistically verify the concentration of data on positive cases and deaths, the Local 

Indicators of Spatial Association (LISA) were estimated (Anselin, 2020). LISA identifies hot-spots 

and cold-spots by grouping and evaluating local autocorrelation. This lets us know which munici-

palities exhibit a spatial relationship with the positive cases and deaths and this can be used to ex-

plain the whole process. The results appear in figure 4.  

Both positive cases and deaths exhibit a positive statistically significant Moran Index. The null 

hypothesis (Ho) of no spatial autocorrelation is rejected in favor of the alternative hypothesis (Ha) 

of spatial autocorrelation. This is because the values of the estimated index are far from the value of 

the simulated index, the pseudo p-value is close to zero and the z values are high. Beyond statistical 

significance, the point to be highlighted in the analysis is that spatial effects are identified in infec-

tions. This is evidence of the relevance of capturing those effects on a model, like we tried in the 

next section.
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Figure 4. Clusters of positive cases and deaths in the ZMVM 

Cluster map of positive cases per 1,000 inhabit-

ants 

 

Cluster map of deaths per 1,000 inhabitants 

 

Moran Index: 0.659 | Simulated Moran Index: -0.0130 | Pseudo-P-

value: 0.00001 | Z:8.83| SD: 0.0761 | Permutations: 99,999, Spatial 

weights contiguity configuration: queen first order.  

Moran Index: 0.486 | Simulated Moran Index: -0.0135 | Pseudo-P-

value: 0.00001 | Z:6.83 | SD: 0.0771 | Permutations: 99,999, Spa-

tial weights contiguity configuration: queen first order. 

Source: Own estimates based on data from the Ministry of Health, Mexico. 

3. THE SPATIAL ECONOMETRIC APPROACH AND RESULTS 

Spatial econometrics offers some advantages compared to the simple cross-sectional, both tech-

nical and theoretical (Baltagui, 2001). On one hand, from the technical point of view, by estimating 

a spatial model would be possible to solve the problem associated with the errors correlation with 

an ordinary least squares (OLS) conventional estimation. On the other hand, it is possible to incor-

porate the spatial nature of such a phenomenon like diseases (Musa, 2013; Rezaeian et al., 2007). 

Besides the linear model estimated with OLS, we present the results of two different spatial models: 

lag model (Lag, equation 1) and error model (Err, equation 2). Lag incorporates as an explanatory 

variable the weighted average of the interest variable, spatial lag, through an instrument that cap-

tures the spatial relation of the municipalities, spatial weights matrix. Error use the spatial structure 

to incorporate the autocorrelation though the error terms (Helhorst, 2006: 6): 

𝑌 = 𝛿𝑊𝑌 + 𝛼1𝑁 + 𝑋𝛽 + 𝜀  (1) 

 

𝑌 = 𝛼1𝑁 + 𝑋𝛽 + 𝑢   (2) 
𝑢 = 𝜆𝑊𝑢 + 𝜀 

In the Lag model, 𝑌 corresponds to the vector of dependent variable, X represents the matrix of 

explanatory variables, 𝛽 stands for the estimated coefficients associated with each of the independ-

ent variables, 𝑊 is the spatial structure in both cases, we define the spatial structure through an order 

one queen spatial weights matrix and 𝑊𝑌 represents the spatial lag or weighted average of the 𝑌 

value of the neighbors, 𝛿 is the associated coefficient and 𝜀 is the error term. Meanwhile, 𝜆 refers to 

the estimated coefficient that captures the spatial autocorrelation through the errors of the model, 

and 𝜀 is the usual pure aleatory error (see Anselin, 2005 and Helhorst, 2006 for details). 

We seek to explain the level of the first pandemic wave in VMMZ, positive cases and deaths per 

thousand inhabitants between March 1st to September 20th, 2020, through four types of variables: 

i) social, ii) urban and housing, iii) occupational structure and iv) average salaries, such as appears 

in Table 1. 
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Table 1. Sociodemographic and economic determinants 

 

 
Positives cases and deaths per thousand people were constructed based on the National Epidemi-

ological Surveillance System (SINAVE) provided for Mexican central government, sociodemo-
graphic and economic variables were obtained from the Population Census 2020 and Economic 
Census 2019, both published by the National Institute of Statistic and Geography (INEGI). We use 
R software (R core team, 2013) and their packages spdep (Bivand, et al. 2018) and spatialreg (Bi-
vand et al., 2021) to evaluate spatial dependence and to estimate spatial econometric models, re-
spectively. Based on equation 1 and 2, we propose two different models, the first one for the positive 
cases and the second one to the deaths, both in logarithmic form: 

𝑝𝑜𝑠𝑖 = 𝛼 + 𝛿𝑊𝑝𝑜𝑠𝑖 + 𝛽1𝑠𝑠𝑖 + 𝛽2ℎ𝑔𝑟𝑖 + 𝛽3𝑟𝑚1𝑖 + 𝛽3𝑝𝑜𝑠𝑠𝑖 + 𝛽5𝑟𝑚𝑖𝑛𝑑𝑖 + 𝑢 (3) 

𝑢 = 𝜆𝑊𝑢 + 𝜀 

𝑑𝑡ℎ𝑖 = 𝛼 + 𝛿𝑊𝑑𝑡ℎ𝑖 + 𝛽1𝑖𝑚𝑖 + 𝛽2𝑑𝑒𝑛𝑖 + 𝛽3𝑚𝑒𝑚𝑏8𝑖 + 𝛽3𝑏𝑑𝑟3𝑖 + 𝛽5𝑝𝑜𝑖𝑛𝑑𝑖 + 𝛽6𝑝𝑜𝑐𝑜𝑚𝑖 + 𝛽7𝑝𝑜𝑠𝑖 +
𝑢                        (4) 

𝑢 = 𝜆𝑊𝑢 + 𝜀 

When in equation 3 and 4, 𝜆 = 0 we have a Lag model, and when  𝛿 = 0 it is an Err model. 

Following Anselin (2005), we test a linear model estimate with OLS, Lag and Error models and the 

spatial diagnosis, as usual. The results, and diagnostics appear on Table 2 and Table 3. 

Table 2. Models for positive cases 

 
Note: *** Significant at the 99% level, ** Significant at the 95% level, * Significant at the 90% level.
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Table 3. Models for deaths 

 
Note: *** Significant at the 99% level, ** Significant at the 95% level, * Significant at the 90% level. 

3.1 Positive cases 

All the proposed variables in the OLS model, equation 3, for positive cases are positive and 

significant and the explanatory variables can explain nearly 50% of the variability of them. The OLS 

model presents autocorrelation (Moran equal to 0.27), which is an indicative for the relevance of a 

spatial model. The spatial diagnostic reveals that the Lag model is the best as is shown by the La-

grange multiplier test in their robust form.  

The model reveals a positive relation between people with access to health services (ss) and 

positive cases. This fact perhaps reflects that greater access to social security is linked to an effective 

detection of cases, which could prevent them from evolving into death. Besides, this variable has 

the biggest coefficient of all explanatory variables. 

It is possible to note a positive association between the places with populations with higher edu-

cation (hgr) and positive cases, nevertheless it is relevant to keep in mind the fact that there are 

several municipalities in the VMMZ with people living in semirural areas at peripheral places. So, 

the identified relation could be explained because this first wave took place fundamentally in larger 

urban areas, as it is shown in Figure 3, where the people usually have a higher formal education. 

The Mexico central government, as in many countries around the world, recommended keeping 

physical distance to prevent the contagion but it is not always possible to keep adequate physical 

distance at home when one of the family members catches the virus if there are not enough rooms 

at the house. So, our model reveals that the greater the proportion of people that live in houses with 

only one room (rm1), the higher the number of positive cases is. 

Like many other big cities, the VMMZ is predominantly a service city with 55% of the occupied 

people laboring in this sector. The proportion of people occupied in the service sector (poss) has the 

second bigger coefficient associated with positive cases. Again, the central municipalities exhibit a 

higher proportion of occupied persons at services and are more densely populated. 

Finally, between the economic structure the average salaries at industry (rmind) evince a direct 

relation with positive cases. While the spatial distribution of the industry salaries does not follow 

the same pattern as positive cases, this is indicative of the relevance of the economic structure. 

Regarding the spatial models, not only the sign of the estimated coefficient associated to the 

spatial lag, delta, is positive and highly significative, besides it helps to elevate the explanatory 

power of the model, nevertheless, the other variables are not significant anymore, except the indus-

trial salaries. Something similar occurs with the Error model, where the coefficient lambda is 



Revista Portuguesa de Estudos Regionais, nº 63 2023, 127-140 

134 

positive and highly significant, too. The spatial diagnosis, according to the Lagrange multipliers, 

makes clear that between Lag and Error models, we would accept Lag. This result is consistent with 

Gosh and Cartone (2020), and with our exploratory analysis and shows the importance of consider-

ing the spatial correlation present in the context of local transmission of the disease. 

3.2 Deaths 

The picture revealed by the deaths model, equation 4, is something different, particularly about 

the spatial models. Like in the positive cases model, all the explanatory variables of the linear model 

estimated with OLS are positive and significant. Marginalization index (im) shows that high values 

of the index correspond to low degree of marginalization: the higher the index is, the better the living 

conditions are. The positive relation between deaths and this index indicates that were in the center 

places, where the living conditions are better compared with the semirural areas, were where the 

virus hit stronger. 

In the deaths model, we have three different variables linked to urban and housing conditions: 

population density (den), population living in households with 8 or more members (memb8) and 

population in dwellings with 3 bedrooms or less (bdr3). These three variables show that the inner 

home living conditions and the urban context have remarkable consequences in the outcome of the 

disease because all of them are associated with deaths in a positive way. 

We could compare the different importance of the three considered sectors in the course of the 

pandemic. The results show that the municipalities with the higher proportion of occupied persons 

in services have a higher number of deaths per thousand persons, followed by the proportion of 

people in industry sectors, and finally people in commerce. 

The spatial diagnosis shows that there is no autocorrelation in the OLS estimation, even more, 

the coefficients linked to the spatial versions of the models are close to zero and not significant as 

Lag and Error models reveal. So, it seems that the model that explains in a better way the proportion 

of deaths in the first pandemic wave at VMMZ is a linear model estimated with OLS. 

Through these two models, equation 3 and 4, we incorporate the spatial autocorrelation and point 

out the relevance of the local transmission of CoViD-19 in VMMZ, remarkably with the positive 

cases, in the relatively most densely populated places. Notwithstanding, it is important to consider 

the transmission dynamic linked to the people's mobility patterns, the possibility to work from home, 

and many other factors that, of course, could enrich these results and we do not incorporate here. 

In the introductory section, we refer to the so-called ecological fallacy. It is time now to consider 

this problem in the next section, not with a model because of the data availability, instead of that we 

present some explanatory analysis at neighborhood scale.   

4. ECOLOGICAL FALLACY: HETEROGENEITY OF DATA IN MEXICO CITY 

We will turn our attention now to a lower desegregation level conducting an exploration of spatial 

data on a smaller scale than the municipal one. The government of Mexico City has systematized 

the CoViD-19 active cases data by neighborhood. Active cases are defined as cases that meet the 

following: i) test definitive result is positive, ii) symptoms start in less than 15 days, iii) deaths are 

discarded. Additionally, for privacy issues, the data set considers neighborhoods that have more than 

5 cases. We consider an estimation of total active cases by neighborhood for two periods: a) June 

29th to July 29th, 2020, and b) between August 31st to September 29th 2020 due the availability 

information.  This allows us to construct a sample of 495 neighborhoods for which there are also 

sociodemographic data from the Population Census 2020 and economic data from the National Sta-

tistical Directory of Economic Units (DENUE), both published by INEGI.  

The exploratory analysis at this level allows us to observe from a quantitative and qualitative 

point of view the spatial patterns of average active cases on a smaller geographical scale, associating 

them with some social and economic characteristics. We do not propose a model at this scale for the 

following reasons: i) there is not complete information for all the polygons at the neighborhood level 

of the VMMZ, and ii) the set of variables used at the municipal level are not the same at this scale 

of analysis. However, the available information allows us to treat some ideas regarding with ecolog-

ical fallacy problem. 
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Figure 5. Clusters (LISA) of active cases for a sample of 495 neighborhoods in Mexico City 

Period A: June 29 to July 29, 2020 Period B:  August 29 to September 31, 2020 

 
Moran Index: 0.212 | Simulated Moran Index: -0.0021 | Pseudo-P-

value: 0.00007 | Z:5.37 | SD: 0.0399, | Permutations: 99,999 | Spa-

tial weights contiguity configuration: queen first order. 

 
Moran Index: 0.235 | Simulated Moran Index: -0.0021 | Pseudo-P-

value: 0.00001 | Z:5.90 | SD: 0.0402, | Permutations: 99,999 | Spa-

tial weights contiguity configuration: queen first order. 

Source: Own estimates based on data from Mexico City Government. 

At the municipal level, we found that almost all the spatial units of Mexico City form a high-
high cluster for positive cases and deaths. However, when increasing the scale of analysis at the 
neighborhood level, what is observed is that the hotspots correspond only to some areas in the south 
of the city. About low-high and high-low clusters, given the spread pattern of the infections, these 
clusters could be source of spread of the disease at any pandemic moment.  

Now, in Figure 6, we present some insights about patterns and spatial relations between active 
cases between August 31st to September 29th, 2020, and demographic and socioeconomic charac-
teristics. 

 

 

 

 

Figure 6. Clusters (LISA) of active cases for a sample of 495 neighborhoods in Mexico City and socio-

demographic characteristics  
1) Total Population  

 
Pearson's correlation: 0.43 

2) Most vulnerable population 

Pearson's correlation: 0.30 
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3) Homes with only one room 

 
Pearson's correlation: 0.32 

4) Average occupants per room 

 
Pearson's correlation: 0.15 

5) Years of schooling 

 
Pearson's correlation: -0.12 

Source: Own elaboration based on data from Mexico City Government and INEGI. Population Census 2020. The correlation coeffi-

cients are constructed within active cases between August 31st to September 29th and the corresponding point variable in each panel 

figure. 

The patterns observed at Figure 6 could be summarized as: i) for each neighborhood, the greater 

population is, the more probability of positive cases have, which could require some actions by the 

policy makers; ii) the relationship between the active cases and the population aged 60 years and 

over could also be considered strong, particularly because for the period of analysis there were not 

yet available vaccines; iii) the neighborhoods where there are dwellings with only one bedroom 

influence largely for the increase in active cases, as we observe in the model for positive cases, 

equation 3; iv) the average members living in households exhibit a lower association, probably be-

cause of the heterogeneity; v) the small negative association between formal education and active 

cases contrast with the results obtained in the models, this could mean that population with a higher 

educational level has sometimes better material conditions, more information and respect the rules 

of confinement, among other advantages. 

The results in Figure 7, according now to economic conditions, describe in some sense how the 

confinement rules act at Mexico City, that is, the closure of non-essential activities. The density of 

economic units per square kilometer implies in this analysis a low, but negative, incidence in the 

appearance of contagion cases, which means that the closure measures due to confinement had a 

moderate impact. In the case of industrial and service economic units, among which are many of 

those considered essential activities, they had a positive impact on infections, not so in the case of 

commercial activities, which have a negative relationship. In short, to a greater or lesser extent, the 

closure of the economy had the expected effects in terms of containing the pandemic in the city. 

Although it would be relevant to analyze data related to informal activities such as street markets, 

which could have an inverse impact to the one analyzed here. 
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Figure 7. Clusters (LISA) of active cases for a sample of 495 neighborhoods in Mexico City and eco-

nomic characteristics  

1) Density of  total economic units per sq. km 

 
Pearson's correlation: -0.12 

2) Industry Economic Units 

 
Pearson's correlation: 0.19 

3) Commerce Economic Units 

 
Pearson's correlation: -0.01 

4) Services Economic Units 

Pearson's correlation: 0.13 

Source: Own elaboration based on data from Mexico City Government and INEGI. National Statistical Directory of Economic Units. 

The correlation coefficients contemplate the active cases in period B and the corresponding point variable in each map. 

 

5. DISCUSSION AND FINAL REMARKS 

The tracking of this global pandemic is very complex: each wave has their own characteristics 

on specific areas. Of course, the sociodemographic and economic factors affect that path, but there 

are many other influence factors like mobility patterns, specific occupations, and specific medical 

conditions. All these factors are part of the social extraction: catching CoViD-19 when people can 

afford adequate hospital expenses could have a different ending if not. In this work we present an 

exploration of the sociodemographic and economic factors that could explain the first pandemic 

wave in the most populated area in Mexico and explore their spatial characteristics. 

The model results depict evidence of spatial association in our two dependent variables: positive 

cases and deaths. In this first pandemic wave, the most deaths per thousand people took place at 

north center municipalities (Azcapotzalco, Gustavo A. Madero and Iztacalco), but the places with 

the higher living conditions were far from the first places (Miguel Hidalgo and Benito Juárez, with 

high-income neighborhoods took the 18th and 25th place in deaths rank). 

We incorporate the spatial relations identified in the exploratory analysis through spatial econo-

metric models. The best model to explain the positive cases in VMMZ at municipality level is the 

Lag model. The model shed light in order to see how the CoViD-19 hits harder at the municipalities 

more densely populated and where the urbanization process was deeper, compared with those pe-

ripheral: worst living conditions exhibit a positive relationship, both positive cases and deaths, as 

we observed in relation to urban and housing. 
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On the other hand, the results could help to explain that economic structure plays a relevant role 

in the state of the pandemic, like the service sector and industrial occupation reveal. A more detailed 

study about the specific occupation structure and the jobs that can be conducted at home could help 

to understand this in depth. 

Nevertheless, it is not all a specific territory where the pandemic took place, like a municipality, 

so we did an exploratory analysis in order to identify the neighborhood's positive cases and their 

socioeconomic conditions. Although the municipality and neighborhood results are not directly 

comparable, the last one could help to understand the state of the pandemic at a very low geograph-

ical scale. 

At the neighborhood level, it was possible to observe how the main cluster of infections and 

deaths at the municipal level presents a heterogeneous behavior measured with active cases. The 

geographical conditions of population concentration, overcrowding and some other living conditions 

have a positive relation on the active cases. Local economic structure measured by proportion of 

sectoral economic units show that the measures for the closure of non-essential activities is negative 

associated to active cases. 

The results of our econometric models go against what was found in other studies (Jaramillo, 

2021; Hernández, 2020), which may be linked to the level of disaggregation used, so they should be 

taken with caution until reliable information is available with a higher level of detail that allows 

contemplating the proposed models.  

In addition, in Mexico and particularly in urban areas, there is a labor informality rate of close to 

50% (INEGI, 2020), which suggests the need to incorporate these elements in our study, to the extent 

that these types of activities imply a greater risk of exposure due to the greater interaction. A more 

detailed study of the occupational structure and the jobs that can be done from home can help to 

understand this in greater depth. 

Another aspect that is completely outside what is contemplated by our model is the mobility 

patterns in this metropolitan zone, present in other studies like Badr, et al (2020) for the USA: in-

corporating this information in the future is a pending task. 

We hope that the results of this paper could shed light to contribute with some ideas in the de-

signing of policies against the economic and social consequences of this and future pandemics, 

mostly if they consider the necessary presence of spatial effects. We thought that a Comprehensive 

National Epidemiological Information System with the most possible disaggregation level, as men-

tioned in Huitrón-Mendoza and Prudencio-Vázquez (2020) not only for CoViD-19, but also for other 

possible infectious diseases is a key element to construct policies with a multidisciplinary content 

to save lives. 
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