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In this review, seven pieces of research on climate variability and its impact on human
health in Buenos Aires City between 1995 and 2015 were evaluated. The review
highlighted continuities and ruptures in the methodology, variables, and statistics
data of the research, considering their similarities and differences in the period of
study and the methodology applied. Contributions, pending issues, and public
policies on climate change challenges in the city aimed at improving living
conditions were considered. Six studies contributed evidence on the relationship
between climate and health and its impacts on the population; two studies
suggested the development of early warning systems and one study is a
preliminary approach.
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INTRODUCTION

The climate is changing (Seneviratne et al., 2012) and this impacts on human health
(Smith et al., 2014; Barcena, 2020) directly, with an increase in the frequency of extreme
events (cold and heat waves). This in turn creates an increased risk for vulnerable groups,
such as children, the elderly, or those with previous pathologies (Semenza et al., 1996;
Morabito et al., 2012). Extreme weather events can indirectly expand the area of disease
vectors or reduce the availability of food (WHO, 2008). In Latin America, almost 80% of
peoplelive in cities (WHO, 2016), so it is very important to study the relationship between
climate and health in an urban context, considering climate change projections (Barros
et al.,, 2015) and policies (Magrin, 2015). Several studies analyzed the relationship of
climate and weather events with health in Buenos Aires. This review focused on
temperature events and their impact on human health between 1995 and 2015 in
Buenos Aires City, and didn’t include other events such as rain, extreme wind events,
or air quality events.
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Considering climate as a determinant of health, future
climate estimates' for the Metropolitan Area of Buenos
Aires predicts increases in the frequency of floods and
extreme events such as hail, heat and cold waves, air
pollution, and increased plagues, pathogens, and vectors
(Barros et al., 2015) The Metropolitan Area of Buenos Aires
is currently the largest urban conglomerate in the country,
Buenos Aires City with 2,900,000 inhabitants® is part of a very
large metropolitan area with almost 15,000,000 people with
high levels of inequality in living conditions between northern
and southern communes (Martinez et al., 2019). The Institute
of Statistics of the City calculates that 180 million passengers
use the different means of transport monthly’. Land use in
Buenos Aires developed a horizontal growth, from the best
quality lands to those of inferior quality, with some areas even
6 m below sea level, which is unfavorable for urbanization
(Pirez 2009; Vecslir and Ciccolella, 2011). Communes 2, 3,
5, and 6 present the highest population density, in the central
area of the city, and the south of the city presents lower density
levels than central and north. (Figure 1). It can be seen that
Communes 14 and 1 changed their densities between 2010 and
2015 (Figure 2).

Communes 2 and 14 (Recoleta and Palermo) have the
highest rate of aging and communes 4, 7, and 8 have the
lowest ratio of people over 65 for every one hundred under
15. Buenos Aires’ has seen an aging population since the 1970s,
with 16% of the population currently over 65years old,
compared to 10.23% in Argentina (National Institute of
Statistics and Censuses (INDEC), 2010). In regard to living
conditions, 98.35% (1,065,159) of houses have a household
connection to the public sewer network, while the remaining
1.65% of homes have excreta disposal in situ. In informal
settlements, a lack of sanitation creates serious concerns;
68,776 of households are considered as Homes with
Unsatisfied Basic Needs, while 73% count as inadequate
housing and 25.6% as overcrowded.

Territorial expression of poverty is heterogeneous, (UN-
Habitat/WHO, 2010) concentrated in the southern part of the
city in informal settlements. The northern region has the highest
levels of living conditions (See Figure 3), the highest household per
capita income, the lowest percentage of the population over 25 years
old with only a primary school education, and the lowest percentage
of the population covered only by public health. Southern
communes present worse socio-economic indicators, with the
lowest family household income per capita, the highest
percentage of the population over 25 years old with incomplete

!According to Agencia de Proteccion Ambiental Scenario presented on the Second
Plenary Meeting of the Interministerial Team. CABA. 2009. Action plan against
climate change.

*Poblacién de Buenos Aires. Afio 14, nimero 25, abril de 2017 Publicacién
semestral de datos y estudios sociodemograficos urbanos editada por la
Direccion General de Estadistica y Censos (DGEYC) del Gobierno de la
Ciudad de Buenos Aires https://www.estadisticaciudad.gob.ar/eyc/.

*Ministry of Interior and Transportation of the Nation https://www.argentina.gob.
ar/transporte.

*Acknowledgment digital cartography by Adrian Iulita.
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primary education as their highest level of education, and the
highest percentage of the population covered by the public
health system only. All these conditions impact on human
health, and increase pressure on health systems, especially in a
climate change scenario.

International literature (WHO, 2008) discussed 12 emerging
diseases that are related to climate change, highlighting
(Ballesteros et al., 2011) the following for Buenos Aires City:

e Vector-borne: dengue, yellow fever, leishmaniasis, malaria,
and chagas.

e Rodent-borne: leptospirosis,
hemorrhagic fevers.

e Water related diseases: diarrhea, gastroenteritis, hepatitis,
helminthiasis, food toxinfections, and red tide.

¢ Acute and chronic respiratory problems associated with air
quality.

hantavirosis, and viral

This review compared seven pieces of research that used
epidemiological data from the public health system,
considering similarities and differences in topics:

Period of study: Since the Rio Conference in 1992, climate
change has been central to the international agenda, focusing
on the mitigation of greenhouse gases and the adoption of
adaptation strategies (IPCC, 2014; Magrin, 2014; Magrin
2015).

Methodology applied: Environmental health studies require
an interdisciplinary approach, so decisions about
methodology are crucial in order to compare data with
different scales, such as climate data and epidemiological
data (Berko et al., 2014)

This study has reviewed studies between 1995 and 2015,
selected after searching in PubMed, Lilacs, and Google Scholar
using the key words: BUENOS AIRES, HEALTH, and
CLIMATE.

This review aimed to endorse evidence on the relationship
between climate and health, and its impacts on populations.

RESEARCH ABOUT CLIMATE AND HEALTH
IN BUENOS AIRES CITY

How did we choose the studies? There are different studies on the
relationship between climate and health in Buenos Aires; the
research selected in this review was supported by public
institutions, used public data, focused on Buenos Aires City,
and used weather data and health data. We didn 't include studies
supported by private funding.

Research selected, in the order they were published:

Association between weather conditions and the number of
patients at the emergency room in an Argentine hospital
(Rusticucci et al.,, 2002). The aim of this paper, published
in 2002, was to study the relationship between hospital
emergencies and weather conditions by analyzing summer
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FIGURE 1 | Buenos aires. Density by commune 2010%.

and winter cases of patients requiring attention at the
emergency room of a hospital in the city of Buenos Aires.
Hospital data have been sorted into seven different diagnostic
groups. They found a significant positive correlation with
skin and allergy complaints with several day-lags observed
between these three variables: maximum dew-point
temperature, maximum temperature, and minimum air
pressure. Peaks in admission were seen at days 1, 2, and 4,
respectively. In winter there were significantly more cases of
contusions and crushing, and more bone and muscle
complaints on warm, dry days and on warm, wet days in
the summer. Unless this was based only in two seasons, it was
an exhaustive analysis.

Adaptation to climate change and health. Preliminary
approach to Buenos Aires City (Ballesteros et al., 2011). This
study was presented in August 2011; the objective was to
highlight the behavior of four diseases associated with
climate change in international literature. The period

considered was 2007-2010. The diseases analyzed were
Leptospirosis, Leishmaniasis, Dengue, and Acute Diarrhea,
with data provided by the Ministry of Health of the City.
This is a preliminary study, the period included is very short, it
focused on diseases, and it did not use climate or extreme
events data in the same period, so authors could not asses any
relation between these phenomena. However, it was included
here, because authors made an effort to include challenges to
the public health system ahead of climate change adaptation.
Association of monthly frequencies of diverse diseases in the
calls to the public emergency service of the city of Buenos Aires
during 1999-2004 with meteorological variables and seasons
during 1999-2005 (Alexander 2013). Data were provided by
the emergency system (SAME). Codes used to classify diseases
in SAME are from the notes made by the physician who
attended the emergency, and it was related to the
Aeroparque Station of the National Weather Service (SMN).
Several atmospheric variables were considered: atmospheric
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FIGURE 2 | Buenos Aires. Density, by commune, 2015.

sea level pressure, mean daily temperature, maximum
temperature, minimum temperature, maximum apparent
temperature, minimum wind chill temperature, accumulated
precipitation, relative humidity, total heating degree days, and
total cooling degree days. Thermal amplitude was determined
as Tmax-Tmin. Apparent temperature and equivalent
temperature were used to measure human discomfort due
to combined heat and humidity. The diseases considered
were ischemic heart disease, arrhythmia, heart failure,
cardiopulmonary arrest, angina pectoris, psychiatric
diseases, stroke, transient ischemic attack, and syncope.
Codes used to classify diseases in SAME did not use the
International Statistical ~Classification of Diseases and
Related Health Problems 10th Revision ICD (10)°. They

*https://icd.who.int/browse10/2019/en

divided 72 months into four seasons. To assess the
associations between meteorological and health data they
used Correlation analysis and calculated the linear
correlation with Pearson’s coefficient r.

They found a seasonal pattern with higher values in winter
and lower values in summer for ischemia, with a peak value
in June (winter). Occurrence seems to be related to season,
rather than intensity of temperature values. Although SAME
is only one part of the public health system, one million
emergency calls received at SAME were analyzed. One limit
of this approach is the time scale considered, because data
was taken monthly, and weather changes occur in shorter
periods, so it is possible some of the health impacts were not
seen over this time scale.

Climate variability and its impact on health in four major south
American cities 2005-2010 (Barboza et al., 2013). This research
was financed by the Training Institute Seed Grant (TISG) of
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FIGURE 3 | Household per capita income (CPI) by commune. Buenos Aires City 2015.

the Inter-American Institute for Global Change (IAI). The
relationship between extreme events (heat and cold waves) and
their impacts on human health between 2005 and 2010 were
analyzed. Cold and heat waves were determined by calculating
percentiles 10 and 90 for maximum and minimum
temperatures. In order to characterize the thermic
environment, average daily temperatures and relative
humidity values were wused to calculate the bio-
meteorological index of temperature and humidity (ITH).

Heat and cold waves were classified as mild, moderate, and

severe. Following international literature, climate-associated

diseases were classified into communicable (CD) and non-
communicable diseases (NCDs) using ICD (10) codes.

v CD included were diarrhea, viral hepatitis A, leptospirosis,
dengue, acute upper respiratory tract infections, influenza, and
acute lower respiratory tract infections. Data was provided by
the Direction of Epidemiology of Ministry of Health.

v NCDs studied were hypertension, ischemic heart
conditions, cerebrovascular diseases, and chronic
lower respiratory tract diseases. Data was provided
by the Direction of Statistics and Information in
Health and the Epidemiology Department, both in
the Ministry of Health.

Looking for an association between climate and health,
exploratory techniques such as frequencies, measures of
central tendency and dispersion, and bivariate correlation were
applied.

The analysis of the reference period 1961-2010 has enabled
the analysis of trends in the climate of Buenos Aires. An
increase in minimum temperatures was observed; the
minimum temperatures below the 10th percentile and the
days with frost showed a significant tendency to decrease.
Bronchiolitis (in children under the age of 2), pneumonia,
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and influenza were correlated with cold waves. The peak of
bronchiolitis cases (in children under 2 years old) and influenza
(in the general population) coincided with a cold wave in 2007.
In occurrences of heat waves, data showed an increase in the
number of cases of hypertensive diseases as the severity of the
heat wave increased. In mild heat waves, the number of
hypertensive diseases increased by 4.4%, in moderate heat
waves by 9.8% and in severe heat waves by 13.7%. An
association between Hepatitis A and heat waves was not
observed.

Relation between mortality and extreme temperatures in
Buenos Aires and Rosario (Almeira et al., 2016). This
research analyzed the relationship between mortality
and extreme temperature events in two major cities of
Argentina, and was used as the basis to develop the Alert
System for Heat Waves in both cities, which is essential in
preventing negative health effects related to high
temperatures. Weather data was provided by the
Observatory Central Station. Heat waves were defined
by Rusticucci (Rusticucci et al., 2016) as a period of
three or more days with at least one of these values:
minimum temperature over the 90th percentile,
maximum temperature over the 90th percentile, or the
coincidence of maximum and minimum temperature over
the 90th percentile. It was found that both cities have a ‘U’
relationship between daily mortality and maximum,
minimum, and apparent temperatures in the period of
2001-2012. Mortality that occurred during the heat waves
(2001-2012) presented an excess between 20 and 80%.
Mortality increased significatively over 38°C. The cause of
death was not identified.

Analysis of mortality during heat wave on 2013-2014
summer in Argentina (Chesini et al., 2018). In this
paper, authors analyzed the heat wave that occurred in
December 2013; it was the largest and most intense heat
wave registered in Buenos Aires since 1906°. This research
compared mortality that occurred during the heat wave
(HW) in 2013-2014 with mortality of the same period in
the years 2010-2011, 2011-2012, and 2012-2013, which
lacked HW. It was considered as the base to extend the
Early Alert System for heat waves throughout the country.
Mortality showed increases during the HW of the summer
2013-2014 in the overall rate, as well as in the specific
death rates by age groups, sex, and cause of death. During
the HW of December 2013, Buenos Aires was the
jurisdiction of Argentina that presented with the
highest number of cases with epidemiological evidence
of causes of death (481 «cases); it represented
approximately half (48.9%) of the deaths that occurred
during that event. During the HW of December 2013,
women’s risk of dying was higher than men’s (1.58 and

°National Weather Service began weather measures in 1906. www.smn.gob.ar
http://www.smn.gov.ar/serviciosclimaticos, http://repositorio.smn.gob.ar/
bitstream/handle/20.500.12160/951/0060CL2018.pdf?sequence=1&isAllowed=y.
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1.34 respectively, both with statistical significance)
meanwhile, in the HW of January, the increase in the
risk of dying was more significant for men (Relative Risk
RR = 1.33 Confidence Index CI 95% = 1.12-1.58).
Mortality from heat waves in the city of Buenos Aires,
Argentina (2005-2015) (Chesini et al., 2019) Authors used
a time series designed with Generalized Additive Models
(GAM) that allowed the link of mortality to days of heat
waves throughout the period, controlling for time variables,
mean temperature, and humidity. This study found that,
during heat waves, risk of death increased by 14% (RR =
1.140; 95% CI: 1.108-1.173) when compared to other days in
the hot season. The increase occurred in both sexes and in all
age groups, but children under 15 years old (RR = 1.167; 95%
CI: 1.019-1.335) and people over 84 years (RR = 1.201; 95%
CI: 1.098-1.313) were more affected. The heat wave in
December 2013 showed an increase of 43% (RR = 1.428;
95% CI: 1.399-1.457) in total daily deaths, increasing to 51%
in elderly people (84 years or more) (RR = 1.515; 95% CI:
1.372-1.674) and 65% (RR = 1.647; 95%CI: 1.367-1.986) for
renal causes. The heat waves that occurred in Buenos Aires in
the summer of 2013-2014 were analyzed in both studies
(Ballesteros et al., 2011) (From here on Chesini) and
(Ballesteros et al., 2011; Chesini et al., 2019) (From here on
Abrutsky).

Continuities and Ruptures

The seven pieces of research we analyzed here focused on a
period of time between 1995 and 2015; the area and
population selected was Buenos Aires City. There were
coincidences in some health events considered and
meteorological variables, and all data was from public
statistics. These similarities allow for their comparison.
Six studies were developed by interdisciplinary groups of
researchers, while in one the authors are meteorologists.
Ballesteros et al., 2011 (From here on Ballesteros) is a
preliminary approach and did not assess
meteorological data.

What About Methodology?

Meteorological variables were considered and the literature
cited coincided. This may be because of the role played by the
World Meteorological Organization, which established
standards and tools a long time ago. Weather data was
provided by the National Weather Service. There are two
official weather stations in Buenos Aires; Central
Observatory station was used in four studies, while the
research developed by Barboza et al., 2013 (From here on
Barboza) also included Aeroparque Station and Alexander,
2013 (From here on Alexander) used data from the
Aeroparque station only.

There are many ways to define an extreme event, and it
was a topic of discussion in four studies. Nevertheless, all
studies agreed that an extreme event lasts for at least three
days. Alexander, Almeira et al., 2016 (From here on Almeira)
and Barboza took into account human comfort, so they
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included humidity as a factor. They also agree on the analysis
of anomalies. Barboza and Chesini focused on the relation
between extreme temperature events and human health over
a short period. There is a coincidence on the impact of HW
on elderly people, but Barboza used morbidity data and
Chesini used mortality data.

To analyze temperature values and health, Alexander and
Almeira focused on trends and chose longer periods of time;
they included extreme temperature. Only Rusticucci et al
(From here on Rusticucci) considered weather synoptic
situations.

Human Health Data

Almeira and Chesini used mortality data. It is a solid
database, so it can be used with methodology and tools in
order to achieve high levels of confidence. Ballesteros,
Alexander, and Barboza studied morbidity. Diseases were
coded with ICD (10) in four of the studies. Data from SAME
was coded in a different way, but diseases included were
coincident. Rusticucci grouped diseases with their own
criterium.

The impact of climate variability may be different in some
groups, such as children and older people, or in case of a previous
disease, such as diabetes, obesity, or hypertension, so it is highly
relevant to asses vulnerable groups. Barboza and Chesini studied
the relationship of extreme temperature events in age groups and
found a significant correlation between them.

Time Scales

It is difficult to organize information from different sources,
collected with different frames and designed with different
objectives. How did these researchers make their weather
and health data compatible? Each group of researchers made
their own decision in order to categorize weather and health
data. Ballesteros only used annual morbidity data, while
Alexander made a monthly average. In the case of
Barboza, the authors made an extra effort in order to
compare cities located in four different countries; they
used epidemiological weeks as time scales for data,
weather, and health. Almeira, Rusticucci, and Chesini
used daily data, which was possible because mortality and
attendance at the emergency room are registered daily.

Geographical Scale

Climate variability is a regional phenomenon, and its impact is
not related with geopolitical borders. How did researchers
compare Buenos Aires with other areas or other populations?
This issue was considered in three papers: Barboza developed
their research for other South American cities; Almeira, who
compared with Rosario, and Chesini included 16 other provinces
in Argentina. Almeira and Chesini expanded their results and
they became the basis for the Early Alert System, first in Buenos
Aires, Rosario, and later on for the whole country. Both
experiences show the importance of dialogue in the interface
between academicians and stakeholders, as well as the importance
of building knowledge interdisciplinarily, and using public
statistics.

Climate and Health in Buenos Aires

CONCLUSION

The differences in living conditions in the 15 communes of
Buenos Aires City means different methods and resources
are available to offse the impact of extreme events. Two of
the studies analyzed here considered risk in different age
groups, but there was no consideration of these differences
inside the city. However, these risk groups were defined
based on age alone, and other categories of risk were not
considered.

The knowledge that climate impacts on human
health” should be supported by studies and validation
criteria that combine the physical aspect of climate,
which takes place in the atmosphere, with biological
and  epidemiological = phenomenon, which occur
throughout population groups.

Six studies contributed evidence on the relationship between
climate and health and its impacts on populations; two of them
were used to develop early warning systems and one study is a
preliminary approach.

The papers reviewed here show that the public sector
(such as academia, the Ministry of Health, and the Climate
Service) can be benefitted by climate research, and it would
be very interesting to analyze if these results were taken into
account in urban planning, public policies, or adaptation
planning on climate change. Studying the impact of
temperature on human health enables the creation of new
approaches and methodologies to investigate the macro-
micro relationship between climate and health in order to
improve social policies and climate change adaption
measures.
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