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Abstract Latin America and the Caribbean is the region with the largest population 
concentrated in megacities, 81% of the population live in urban areas, and by 2050 
the proportion will hover at 89%. México, with its inequitable healthcare access and 
almost 100 million people living in 4,189 urban settlements faces a sustainable city 
agenda for climate action and good health and well-being. This chapter addresses 
morbidity and mortality pre-pandemic data related to heat-related diseases from the 
National Morbidity Yearbook and the National Mortality Census to identify and 
characterize trends by state, age, gender, and environmental conditions under the 
ICD-10 system. Evidence presented in a municipal case study indicates that ischemic 
heart disease counts for ≈33% of total deaths in the urban context, being an elderly 
female population above 55 years old the most vulnerable. 
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1 Introduction 

The IPCC’s Special Report on the Impacts of 1.5 °C Global Warming [1] underlined 
the significant difficulty for cities in developing adaptation measures that allow for 
the maintenance of favorable circumstances for the population. The rise in sea level 
poses a risk of flooding in around 130 port towns worldwide with populations over 
one million, resulting in a slew of disputes related to population displacement and 
migration. However, there is evidence that climate change poses significant chal-
lenges to water, energy, food insecurity, and transportation infrastructure. Similarly, 
the increased frequency of heatwaves, hurricanes, forest fires, and changes in ecosys-
tems endanger various tourist activities critical to the inhabitants’ economic activity. 
Although Reyes et al., [2] assert that new research approaches have increased aware-
ness of the complexity that climate change implies for sustainable development, it 
will remain necessary to address fundamental issues such as increasing the certainty 
of environmental data monitoring [3], which aid in comprehending the problem. 
Additionally, it will be required to develop protocols that facilitate comparisons 
between investigations [4] to facilitate a more expansive decision-making process. 

The Urban Heat Islands (UHI) refer to the increase in temperature experienced 
by cities concerning the surrounding non-urban areas. This is a typical occurrence 
regardless of the city’s size or climate type. The UHI’s impact fields have been 
classified along seven axes: energy, health-morbidity, health-mortality, urban envi-
ronmental quality, risk and vulnerability, human comfort, and demography [5]. It 
is critical to emphasize that two decades ago, UHI were demonstrated to have a 
considerable effect on building energy use [6]. Indeed, climate variability now plays 
a critical role in the development of methods for gaining greater control over the 
energy use of buildings [7]. Similarly, It is critical to optimize and establish criteria 
for a more effective inquiry design to collect more relevant data [8]. 

Urban overheating has several harmful implications on human health. Tempera-
ture increases drive greater air pollution levels and the duration of heatwaves, which 
can aggravate the health of people with chronic conditions [9]. Climate change 
increases respiratory and allergy illnesses because of the population’s overexposure 
to ozone, smoke, pollen, mold, and diseases derived from water and food pollution 
[10]. In this regard, overheating can amplify the negative consequences of climate 
change on urban health. On the other hand, it has been calculated that temperature 
rises have a direct effect on mortality during the hot season, reaching an average 
estimate of 37%. However, the degree of effect varies significantly between coun-
tries and subregions [11]. As a result, additional research must define more precisely 
the boundaries of the impact of UHI on human health [12]. A greater understanding 
of inhabitants’ thermal comfort will enable more effective urban design [13], which 
should ideally reach neighborhood-scale [14], involving wind fluxes and vegetation 
morphology [15]. 

Elderly people, children, women, and those with chronic diseases, as well as 
those taking particular medications will be the most vulnerable to fluctuations in the 
environment’s temperature and humidity, as well as to infections spread by mosquito
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bites [1]. Water pollution is particularly hazardous to pregnant women, in fact, women 
are historically highly vulnerable to natural disasters. For their part, children under 
the age of five account for 88% of morbidity due to climate change, as they are 
more prone to become ill as a result of diverse environmental conditions. Indigenous 
peoples are also a vulnerable group, as they cannot access food, water, and shelter. 
It is critical to emphasize that those who work outdoors are directly exposed to poor 
air quality and various climatic occurrences [10]. Air pollution, in general, can have 
adverse effects on the respiratory system, heart, kidneys, eyes, skin, brain, bones, 
blood, and blood vessels. Air pollution has been shown to impair sleep, reproduction, 
and metabolism. Additionally, it can induce or worsen allergies, diabetes, and certain 
types of cancer [16, 17]. 

2 Motivation and Justification 

In cities, high and extreme temperatures stimulate the concentration of pollutants. 
Different contaminants alter rainfall patterns and degrade water quality, wreaking 
havoc on the subsurface layers and aquatic ecosystems’ health. As a result, these 
pollutants amplify the effect of heat islands by retaining radiation in and around 
cities [18]. Prolonged exposure to pollutants influences the corrosion of metals, 
minerals, and vegetation; thus, it is critical to use Geographic Information Systems 
(GIS) to interpolate data that aids in decision-making to resolve the problem [19]. 
The shape of flora can help mitigate the effects of UHIs [20], yet the intensities of 
UHI are lower in cities with arid or semi-arid climates than in green places [21]. As 
a result, comprehending these dynamics is critical when considering the design or 
morphology of a city. 

Thus, Latin America is the region with the largest population concentrated in 
megacities, 14.2% reside in six cities with 10 million inhabitants [22] challenged by 
global warming that exacerbates the risk of heat-related mortality. For decades, there 
has been a warning about the effects in Mexico and its relationship with the etiology of 
vector-borne, acute respiratory, and diarrheal diseases, or heat stroke due to extreme 
weather events on the health of the Mexican population [23]. Therefore, it is essential 
to understand patterns of mortality rates in urban areas as a matter of public policy 
interest [24]. This study reports morbidity and heat-related diseases in terms of the 
ICD-10 system for a pre-pandemic scenario in Mexico (2019), including sociode-
mographic, age, and environmental aspects in the national context, and through the 
selection of a local case study, the building cooling demands of two different locations 
can be observed.
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3 Method  

This study analyzed morbidity and mortality pre-pandemic data (2019) related 
to heat-related diseases to identify and characterize components by state, age, 
gender, and environmental conditions under the ICD-10 system. This study analyzes 
collected data from the Mexican health system under the criteria described below, in 
addition, a Case Study of Ensenada city from ongoing research is briefly explored 
to illustrate energy aspects regarding land surface temperature (LST) on contrasting 
cooling energy demand for two nodes with a different urban condition: 

• Taxonomy. Defined by the International Statistical Classification of Diseases and 
Related Health Problems 10th Revision (ICD-10), a widely used diagnostic tool 
for epidemiology, health management, and therapeutic purposes worldwide [25]. 

• Data sources. On health and demographic aspects, Observations from the vital 
statistical data published in censuses and surveys of The National Institute of 
Statistics, Geography (INEGI, Census 2020) [26, 27], monthly cases per month 
of occurrence from the Morbidity Yearbook (period 1984–2019) of Mexico’s 
Secretariat of Health [28]. On the environment, normalized climate data from 
the National Meteorology Service (SMN, period 1981–2010), interpolated data 
through the Meteonorm® software, which uses the climatic information values 
from the database of the Global Energy Balance File (GEBA) of the World Meteo-
rological Organization (WMO) [29], and thermal maps from the Informatics Unit 
for Atmospheric and Environmental Sciences (UNIATMOS, period 1902–2015) 
[30]. 

• Study Area. (a) National level. Mexico is a federation of 32 states and is bounded 
on the north by the USA, and on the southeast by Guatemala and Belize. It is 
the world’s eleventh most populated country, with over 124 million citizens, 77% 
of whom live in metropolitan areas. The population is young, with roughly 27% 
of residents under the age of 15 and only 7% over 65. Inequality of income 
and poverty are ongoing health problems. Mexico has the highest rate of income 
inequality in the OECD [31]. (b) Municipal and city level (case study). The munic-
ipality of Ensenada is bounded at 28° and 32° N and −112.8° and −116.9 W, with 
its 52.51 thousand km2 of territory, represents 74.1% of the state of Baja Cali-
fornia. For its part, Ensenada is a coastal city situated on Todos Santos Bay, a 
mid-rise building city that presents a mild semi-arid climate (Köppen BSk) [32]. 

• LST Retrieval. An automated mapping algorithm created in ERDAS IMAGINE 
2014 compatible with LANDSAT 8 was applied in Ensenada city. For data 
processing, it uses Bands 10, 4, and 5. The emissivity corrected land surface 
temperature Ts was calculated as follows using brightness temperature (BT), λ is 
the wavelength of emitted radiance, and ελ is the emissivity calculated [33]: 

TS = BT{
1 +

[(
λBT 
ρ

)
ln ελ

]}
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• Energy simulation. Estimation of energy loads on typical housing in Ensenada 
city was conducted using TRNSYS® 17, a simulation software used in the fields 
of building energy performance to simulate the behavior of transient systems [34]. 

4 Results 

Morbidity is recognized as a prelude to mortality, health systems define a picture 
of heat-related diseases under the ICD-10 system, the same illnesses and symptoms 
summarized by several researchers [35–37]. Table 1 and Fig. 1 report hospitalizations 
during the year of study (2019) concerning gender, month, and state. It is important 
to note that J18.2, J13, and J14, non-acute, care, or self-care cases were not included. 
As seen below, women are susceptible to respiratory diseases and heatstroke with 
a representativity of 56% and 54%, while men report vulnerability to ischemic and 
cerebrovascular diseases, 59% and 53%, respectively. 

The map shows the 32 Federal Entities (FE) referred to through blue bubbles that 
indicate City of Reference (CoR), which concentrates the largest population of each 
FE, the total population of Mexico is 126,014,024 inhabitants, the most populated 
state is the Estado de México with 16,992,418 people and the least populated is 
Colima with 731,391 people. The national average of demographic concentration in 
CoR is 22.9% with a minimum of 1% in the state of Tlaxcala, up to Aguascalientes 
with ±60.6%, Mexico City, although it concentrates ±79% of its population, is 
distributed in its 16 delegations, of which it concentrates ±19% in Iztapalapa with 
1,835,486 residents. The population with access to health services (white bubbles) 
in each CoR has a national average of 76%, the minimum CoR is Tuxtla Gutierrez 
in Chiapas at 59.1%, and the maximum is La Paz, Baja California Sur at 86.5%. The 
contrast in the diameter of the white and blue bubbles indicates the concentration of 
each state, regarding their access to health. 

Even though the highest number of hospitalizations in México occurs in January 
due to the high prevalence of respiratory diseases, pneumonia, and influenza, the 
CoR’s predominant climate is Cwb (subtropical highland climate) [38], with the 
warmest month being May. The map depicts the may thermal distribution of the

Table 1 Heat-related hospitalizations with respect to gender in México (2019) 

ICD-10 Code Disease Female Male Total 

J00-J06, J20, J21 Acute respiratory infections 13,285,490 10,492,948 23,778,438 

T67, X30 Exposure to excessive natural heat 2422 2052 4474 

I20-I25 Ischemic heart diseases 28,647 41,530 70,177 

I60-I67, I69 Cerebrovascular diseases 23,446 26,686 50,132 

J09-J11 Influenza 48,608 41,750 90,358 

J12-J18 Pneumonia 67,863 68,918 136,781 

Total 24,130,360
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Fig. 1 Heat-related hospitalizations in México based on UNIATMOS map (period: 1902-2015) 
(2019)

absolute extreme maximum temperatures reported by the UNIATMOS with histor-
ical datasets from 1902–2015, and temperatures ranging from 15.3 to 52.5 °C. The 
preceding is evident in the inverse trend that cases of respiratory diseases present 
concerning those of heat exposure, which increase in percentage terms during May, 
especially in the female population (14.8%), June (19.5%), July (18%), and August 
(18.2%). Similar behavior can be seen in cerebrovascular diseases, whose distribu-
tion is sustained and regular throughout the year, but with significant months where 
the male population stands out, such as July (10.6%), August (7.7%), and October 
(10.1%). 

Referring back to the research aims, this national prelude on morbidity set an 
opposite reference to address mortality aspects in a more detailed resolution. The 
mortality rate connected with heat-related disorders was observed in the municipality



17 Impact of Urban Overheating and Heat-Related Mortality in Mexico 349

Table 2 ICD-10 mortality cases in Ensenada (2019) 

ICD-10 Code Diseases Urban Rural 

E86.0 Dehydration 2 0 

I20-I25 Ischemic heart diseases 381 23 

I30-I5A Other forms of heart disease 154 3 

I60-I69 Cerebrovascular diseases 184 8 

I10–I16, I26–I28, I70–I99 Other circulatory diseases 161 7 

J09-J18 Influenza and pneumonia 139 2 

J40-J47 Chronic lower respiratory diseases 81 3 

J20–J22; J60-J86; J95-J99 Other respiratory causes 43 2 

Total 1,145 48 

Note: Some Diseases were not presented, X30 Exposure to excessive natural heat, R50.9 Fever 
unspecified 

of Ensenada, Baja California. 87,249 people live in urban regions and 43,474 indi-
viduals live in rural areas. The number of people who died in urban and rural areas 
in 2019 is shown in Table 2. According to the data, approximately 95.9% (1,145) of 
the deceased resided in urban regions and 4.1% (48 people) in rural areas. According 
to the data in this table, the major cause of circulatory death in both locations was 
ischemic heart disease, followed by cerebrovascular illness. However, influenza and 
pneumonia had a greater mortality rate attributable to respiratory causes in the urban 
context. Interestingly, the data in this table indicate that most of the population died 
from circulatory reasons. 

The four major causes of mortality are depicted in Fig. 2. The findings indicate 
that the highest death rate was observed in a population over the age of 55. According 
to this figure, women above the age of 70 have an elevated death rate. Additionally, 
the data indicates that 60% of deaths occurred among men and 40% occurred among 
women. Additionally, the findings indicated an increase in mortality among men 
(in blue) due to ischemic heart (I20-I25), with a notable increase between 35 and 
39 years -productive age- and 60–64 years and a similar but, diluted pattern in 
cerebrovascular disease (I60-I69) records. Contrary to what was indicated by the 
number of hospitalizations nationwide, where it was appreciated that the female 
population was more susceptible through a clinical picture related to respiratory 
diseases. As for conditions of hyperthermia, women have upward trends and peak 
values in older ages, in all four cases of diseases, this can be seen from 7074 years 
with peak values in the last stage of life, 85 and more.
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Fig. 2 Mortality rate in Ensenada by gender, urban/rural context, and age based on UNIATMOS 
map & Pyrgou A & Santamouris M (2018) 

4.1 A Brief Exploration of the Urban Overheating 
and Energy 

Due to the escalation of Urban Overheating as a result of climate change, new issues 
have arisen in addressing the dangers and energy needs associated with meeting 
building thermal conditions. This section briefly explores the importance of paying 
attention to the vulnerability of inhabitants of temperate climates because of the 
thermal adaptability during the warm season (August). Remote sensing techniques 
were used to correlate LST Overheating criteria with energy consumption of a proto-
typical residential building and two dissimilar urban nodes in the CoR of Ense-
nada, Baja California, a port city with BSk climate condition, 330,652 residents, and 
105,736 housing units [27] is situated on 31.86 N and −116.60 W [32]. 

An algorithm for automated mapping of the Land Surface Temperature using 
Landsat eight thermal infrared sensor Band 10 was performed, as seen in Fig. 3, is  
useful to observe the urban thermal environment of the ground surface across the city 
layout. In addition, an accurate and representative hourly time series for a weather 
typical year using a stochastic model through Meteonorm software was calculated. 
For this purpose, the location situation was set as “city” and statistical uncertainty 
is 8% on Global Radiation (W/m2), 7% on Beam Radiation (W/m2) and 1.1 °C on 
Dry Bulb Temperature (°C). Each location is related to a Basic Geostatistical Area
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(AGEB), which constitutes the basic unit of the INEGI´s National Geostatistical 
Framework (Table 3). 

A numerical analysis was developed using a mathematical subroutine through 
Type 56 of TRNSYS® 17 software, a typical urban housing with a construction area 
of 38.5 m2 and a volume of 104 m3 was analyzed, which is built with concrete block 
walls of 0.12 m thick with a “U” value of 3.918 W/m2K, a joist and filler block roof 
system of 0.17 m thick and a “U” value of 1.98 W/m2K, 3 mm single glass window 
with U Value of 5.73/m2K reinforced concrete floor 0.10 m thick with “U” value of 
4.68 W/m2K, wooden door 2.47 W/m2K. 

Internal Building loads were defined for a typical family of four occupants with 
the following scheduled occupancy, one working parent, one dedicated to household 
duties, and two children with student activities. The occupant´s internal gains were 
defined as standing light work (185 W per occupant). Internal gain due to equipment

Fig. 3 A brief exploration of urban overheating and energy. Imagen Landsat 8, retrieval date: Aug 
20th, 2019, 6:16 pm 

Table 3 Urban nodes of analysis 

Node AGEB Latitude Longitude Elevation 

A AGEB 0740 31.86 −116.60 16 masl 

B AGEB 9814 31.78 −116.56 81 masl 
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considered with a radiative gain peak load of 5.52 kWh, convective peak loads of 
1.61 kWh, artificial lightning gains of 5 W/m2, and finally a constant air change per 
hour rate (ACH) of 1.0, as infiltration/ventilation. The cooling system´s thermal and 
energy performance were pre-calculated to study the cooling demand of a real single 
package of 13 SEER, 1200 CFM, and a total net capacity of 35,000 BTU [39]. 

Figure 3 shows that July and August are the warmest months with the highest 
cooling energy demand, from September the temperatures present a decrease. 
However, when analyzing the relative humidity of the two nodes, it can be observed 
that node B presents a drier climate compared to the A values. Thus, to determine the 
energy consumption of the city of Ensenada’s warmest and coldest nodes, an energy 
simulation of these two nodes was conducted. It was discovered that the climate of 
node A consumes more energy during the summer, which is associated with the low 
humidity content of the environment, as illustrated in the figure. Contrary to node A, 
the B node has a greater number of operational days than July. This is because the 
average temperature in August is higher, which results in a more significant number 
of operational days. 

The operating efficiency of the cooling system has a close relationship with the 
site´s climatic conditions since the cooling unit has refrigerant condensation prob-
lems. In the same figure, it can be seen that the cooling unit is affected when temper-
atures are greater than 30 C. While, in the case of relative humidity, it affects when 
you have lower relative humidity. 

5 Discussion 

Mexico is second only to the United States in terms of obesity prevalence; in terms of 
life expectancy, women live an average of 77.7 years, and men live to the age of 72. 
After diabetes mellitus, the only other heat-related chosen cause of death is ischemic 
heart disease (72.45 per 1000 total deaths). As in Pyrgou and Santamouris [37], the 
difficulty of predicting the adaptation potential of the population in the face of rising 
temperatures in the future is highlighted. Likewise, the results of this work also agree 
with the findings of Liu, et al. [36] about the importance of generating mitigation 
plans for vulnerability to hyperthermia conditions and managing emergency plans 
that favor timely actions. Ideally, local governments should implement strategies 
based on Geographic Information Systems (GIS), to solve the lack of information. 
However, in Mexico, there are few cases in which there is an uprising of this type 
throughout the cities. 

Mexico is also geographically extensive, has a continental area of 1,959,248 km2, 
with 21,000 primary care units operated by public institutions, and has a great variety 
of climates that hinder specific preventive medicine strategies, to mention, in the 32 
CoR (Af, As, Aw, Bsh, BSk, Bwh, Bwk, Cfa, Cwb) with warm months that differ 
from April to August, there are localities with historical average maximum temper-
atures of 39.6 °C in Hermosillo, Sonora and extreme temperatures up to 52.0 °C in
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Mexicali, Baja California. However, the recurrence and magnitude of heatwaves are 
increasingly studied in temperate climates [40]. 

Additionally, the SARS-CoV-2 health crisis imposes a new constraint on the stan-
dardization of records, due to the federal government’s hospital conversion edict. 
The most significant constraint on conducting mortality research is the unavail-
ability of high-resolution geographic resources. The national basic geostatistical 
units (AGEBS) do not include mortality data, and the reasons for death are not 
linked to specific climatic zone scenarios. The development of protocols for reporting 
and monitoring claims related to the health of building occupants through Building 
Information Modeling (BIM) may represent a significant step forward; although in 
Mexico only the standard NMX-C-527–1-ONNCCE-2017 has been published [41], 
representing an alternative that is difficult to implement in the short or medium term. 

6 Conclusion 

Morbidity results in this study showed that the impact on women’s health by 
presenting higher rates than men due to heat exposure (54%), respiratory failure 
(56%), and influenza (54%). However, the evidence indicates that the impact of 
pneumonia is similar between men and women. In contrast, men are significantly 
more affected by schematic heart diseases (59%) and cardiovascular accidents (53%). 
The latter is worrying for the public health system, given the high rate of obesity that 
leads to diseases such as diabetes mellitus and cerebrovascular disease. 

In terms of Urban Overheating, there is a marked trend in hospitalization for 
reasons related to heat exposure. The three types of climates presented in 19 Urban 
areas of reference around México with the highest incidence are Subtropical highland 
climate (Cwb), Cold semi-arid climate (BSk), and Tropical Savana climate (Aw), they 
represent 60%. 

The present analysis has substantial constraints as a result of the poor level of 
integration of information management and recording in the national health sector, 
which is composed of a mix of social insurance schemes, a voluntary public program 
for the uninsured, and private insurance systems. Among the existing limitations and 
conclusions, the following can be mentioned: 

• Urban overheating is a differential phenomenon that promotes risks in extreme 
heat events in urban areas of adverse sociodemographic characteristics of the city. 

• Acute respiratory infections in autumn/winter and circulatory diseases in 
spring/summer are dominant risk factors and significant concerns due to income 
inequality, gentrification, health inequities, and access to health system services. 

• Health access systems must develop preventive healthcare programs geared 
around demographic factors such as gender and age distribution during specific 
periods of urban overheating exacerbation on specific local climate zone.
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• Integrating health statistics into high-resolution geographic systems is critical for 
establishing preventive measures for chronic conditions in developing countries. 
[42]. 

• The evidence refers to the need for alert protocols that connect heat-related 
pathologies to environmental and atmospheric conditions by seasons, such as 
temperature, humidity, and air quality. 

• A robust methodological strategy for smart cities should consider a tracking 
data philosophy [43] of relevant tools currently used such as Satellite Remote 
Sensing, stationary and mobile weather stations, online and print media, prospec-
tive scenarios, sectors by density, and landscape typology (residential, offices, 
industry, commerce, etc.) and implement protocols based on dynamic plat-
forms, i.e., BIM, IoT, RFID, and/or GIS also by sectors depending on their 
sociodemographic aspects and national regulations [41]. 
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