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EDITORIAL
EL CAMBIO CLIMÁTICO Y LATINOAMÉRICA
D.S. Salisbury1
Fabiola Barrenechea2

En 2020, el riesgo ambiental hizo historia en el Foro Económico Mundial (WEF, 2020). Por primera vez en
sus 15 años de historia, los cinco riesgos más probables del Informe Global de Riesgos del FEM
provinieron de un solo sector: el medio ambiente. Además, el medio ambiente también dominó las
discusiones sobre el impacto, con tres de los cinco principales riesgos proveniente del Sector del Medio
Ambiente del Informe Global de Riesgos 2020. El informe de este año tampoco fue una anomalía, el sector
de riesgo ambiental ha estado creciendo en importancia en este informe durante los últimos 15 años,
superando gradualmente los riesgos económicos, sociales, geopolíticos y tecnológicos en probabilidad e
impacto. Esto podría no ser sorprendente en un informe escrito por el PICC (Panel Intergubernamental del
Cambio Climático), pero el WEF se enfoca en los negocios globales, no en el cambio climático, y su informe
analizó los resultados de la encuesta de más de 1,000 líderes de negocios, gobierno, sociedad civil y
opinión. El Informe Global de Riesgos también sigue a la creciente preocupación por el medio ambiente
en otras organizaciones mundiales: la creación de la ONU de los Objetivos de Desarrollo Sostenible en
2015, por ejemplo. Entre las preocupaciones ambientales, ningún tema se destaca más que el tema
transversal del cambio climático.
El cambio climático, o la crisis climática, no solo se conecta con casi todas las demás preocupaciones
ambientales, sino también con la mayoría de las preocupaciones en los sectores económico, social,
geopolítico y tecnológico. Los militares también han identificado los efectos del cambio climático como
"multiplicadores de amenazas" capaces de agravar la pobreza, la inestabilidad política y los conflictos
sociales que permiten la violencia y el terrorismo (Hagel, 2014, p. 8)
La Convención Marco de las Naciones Unidas sobre el Cambio Climático (CMCC), define ‘cambio
climático’ como “un cambio de clima atribuido directa o indirectamente a la actividad humana que altera la
composición de la atmósfera mundial y que se suma a la variabilidad natural del clima observada durante
períodos” (PICC 2013, 1450). El impacto de la actividad humana en el clima es particularmente visible
desde cerca 1950 y mejor capturado en los gráficos del Programa Internacional de la Geosfera-Biosfera
(2020) y el artículo de Steffen et al. (2015) donde se puede ver claramente la conectividad entre la
trayectoria de los sistemas de la tierra y los sistemas socio-económicos de la raza humana.
América Latina y el Caribe (ALC) es altamente vulnerable al cambio climático por su perfil social,
económico, y geográfico. En primer lugar, ALC es fundamentalmente urbana, con más del 80% de los
aproximadamente 600 millones de personas que viven en ALC viviendo en ciudades en 2016, y es
probable que haya más urbanización en el futuro (Ferreyra y Roberts, 2017). Una gran parte de la población
urbana vive en las capitales nacionales de sus respectivos países, por presentar mejores expectativas
laborales que las ciudades de menor tamaño. El aumento sostenido de población en estas urbes ha
generado que las personas de menos recursos se emplacen en zonas expuestas a diversas amenazas de
origen natural, construyendo un riesgo que los hace alta y particularmente vulnerables frente a eventos de
origen hidrometeorológicos.
Por otra parte, la capacidad gubernamental y las economías nacionales dependen de estas ciudades
enormes, lo que hace que los desastres en estas regiones urbanas sean particularmente impactantes para
la escala nacional y regional (Ferreyra y Roberts, 2017). Muchas de las ciudades de ALC también están
ubicadas a lo largo de zonas costeras vulnerables al aumento del nivel del mar, mareas de tormenta,
inundaciones costeras, mientras que la población de menos ingresos se encuentran en áreas bajas e
1
2

Department of Geography and the Environment, University of Richmond, USA.
Observatorio en Gestión de Riesgo de Desastres, Universidad Bernardo O’Higgins, Chile.

2

El Cambio Climático y latinoamérica
D.S. Salisbury, Fabiola Barrenechea

inundables o a lo largo de laderas empinadas sin sistemas de drenaje adecuados (Reyer et al., 2017 )
Económicamente, el crecimiento del PIB de ALC continúa una tendencia a la baja, disminuyendo a menos
del 1% en 2020, condición previa al brote de la pandemia por COVID-19. Antes de la pandemia, la pobreza
era del 24% en 2017 (Vegh Gramont et al., 2019), particularmente frecuente en las zonas rurales donde
los pueblos indígenas contienen tasas de pobreza aún más elevadas. Las poblaciones rurales pobres e
indígenas son extremadamente vulnerables al cambio climático dado que dependen de la agricultura de
subsistencia de secano, recursos naturales, y servicios ecosistémicos (Kronik y Verner, 2010), por lo que
cualquier cambio o evento climatológico, afecta directamente sus medios de subsistencia.
Reyer y col. (2017) resume numerosos impactos del cambio climático para ALC relacionados con cambios
de temperatura, calor extremo, precipitación, sequía, inundaciones, ciclones tropicales, aumento del nivel
del mar y extensión glacial. Los principales impactos se refieren a la seguridad del agua, los rendimientos
agrícolas, la ganadería, la biodiversidad, los bosques, la pesca, los arrecifes de coral, la salud humana, la
infraestructura costera y los sistemas de energía (Reyer et al., 2017). En resumen, la región
latinoamericana es extremadamente vulnerable al cambio climático. De particular preocupación es cómo
los cambios en el ciclo hidrológico podrían limitar el acceso al agua dulce y socavar los servicios del
ecosistema para la población rural pobre. El retroceso glacial debido al calentamiento limitará los recursos
hídricos para las ciudades y la agricultura aguas abajo, especialmente en la estación seca. Además, la
lluvia extrema que sigue a las sequías creará inundaciones y deslizamientos de tierra peligrosos para los
pobres urbanos en tierras bajas y laderas precarias. Las comunidades costeras y los pequeños estados
insulares son particularmente vulnerables al aumento del nivel del mar, las marejadas ciclónicas y las
inundaciones costeras que amenazarán su economía turística y de subsistencia. Lo más preocupante es
que los impactos del cambio climático no ocurrirán de manera aislada, sino que a menudo ocurrirán
simultáneamente y con circuitos de retroalimentación que crearán múltiples golpes y elevarán los riesgos
para las poblaciones latinoamericanas.
El Instituto Pan-Americano de Geografía e Historia (IPGH), en un esfuerzo para hacer la América Látina
más consciente de los desafíos del cambio climático invirtió en dos talleres (Bogotá, Colombia 2017 y
Santiago, Chile 2019) enfocadas en el Proyecto Atlas del Cambio Climático de las Américas (ACCA)
(Salisbury et al., 2018). En Santiago, geógrafos de Chile, Colombia, Argentina, EEUU, y España
enfrentaron la problemática del limitado conocimiento y entendimiento del cambio climático entre el público,
los estudiantes y la juventud de las Américas. Los Estados Unidos de América y Canada también carecen
un conocimiento profundo de las posibilidades y peligros del cambio climático. Entonces, líderes
académicos de las Américas y España decidieron desarrollar e implementar un Atlas de Cambio Climático
de las Américas, integrado a un curriculum universitario participativo entre los países de la región. Este
Atlas de Cambio Climático seria publicado en el internet y utilizará la escala subcontinental como unidad
de análisis y de organización, además de la escala continental general, e incluir estudios de caso con
potencial representativo, que probablemente estarán organizadas en el nivel subnacional o local.
Tabla 1. Temas para los estudios de caso del Atlas de Cambio Climático de las Américas
Componente
Físico

Tema
1.Aumento del nivel del mar
2.Glaciares
3.Eventos extremos

Biótico

4.Biodiversidad

Social/Cultural

5. Salud
6. Ciudad
7. Migraciones

Subtemas
1.1. Inundaciones
3.1. Ciclones
3.2. Huracanes
3.3. Olas de frio/calor
3.4. Incendios
3.5. Desertificación/Sequía
3.6. Aluviones
4.1. Extinción de especies
4.2.
Colapso
de
ecosistemas
4.3. Modificación de hábitat
(coberturas).
5.1 Enfermedades
6.1
Infraestructuras
y
Equipamientos
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8. Sociedades tradicionales.

Económico

Institucional/Político

9. Productividad agrícola
10. Actividad pecuaria
11. Seguridad alimentaria.
1. Ordenamiento Territorial
2. Gestión integral del riesgo
de desastre
3. Gobernanza territorial

7.1 Estructura y dinámica
poblacional
7.2 Fuentes laborales
8.1 Hábitat e identidad

1.1 Política de Estado
1.2 Coordinación multinivel
de las políticas públicas
1.3 Planificación
2.1 Prevención, emergencia
y recuperación
3.1
Vulnerabilidad
y
resiliencia
3.2
Sensibilización,
comunicación
y
participación

En octubre de 2020, durante el taller en el campus de la Universidad de Bernardo O’Higgins (UBO) en
Santiago, Chile, estudiantes de UBO y de la Universidad de Richmond (UR) de Virginia, EEUU trabajaron
juntos en trabajo de campo en el llano que hace una década era la Laguna de Aculeo para entender los
impactos del cambio climático y desarrollo en una laguna. El intercambio de conocimiento científico,
amistad y preocupación por el clima se unió a los dos grupos de estudiantes y sirvió como un modelo de
como los jóvenes de las Américas necesitan trabajar juntos para superar los desafíos del cambio climático.

Figure 1: Estudiantes de la Universidad Bernardo O’Higgins y la University of Richmond preparan para salir a la Laguna de Aculeo
para trabajo de campo.

Antes de llegar a Chile, los estudiantes de UR trabajaron en crear estudios de caso de cambio climático
en las Américas. El objetivo era sintetizar la ciencia sobre un impacto importante del cambio climático
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(aumento del nivel del mar, por ejemplo) sobre un paisaje importante de las Américas y presentar un
resumen científica con cartografía, imágenes, y gráficos en combinación con un lenguaje accesible para
el público general, tomadores de decisiones, y estudiantes. Los estudiantes de Richmond terminaron
produciendo StoryMaps ESRI y artículos cortos que son ejemplos de cómo se podría mejorar el
conocimiento y entendimiento del cambio climático en las Américas.
Tabla II. StoryMaps hechos por estudiantes de la Universidad de Richmond en 2018 y 2019
Buenos Aires, Argentina: el aumento del nivel del mar en el rio de la plata
Amazonia: Savanización
Chile Central: Sequía
Andes Peruanos: Extinción de Aves
Belize: Subida del Nivel del Mar
Bahamas: Huracan Dorian
Colombia: Manglares y Migración
México DF: Inundaciones y Cambio Climático
Sao Paulo, Brasil: Efecto de la Isla del Calor
Centroamérica: Impactos Agrícolas del CC en el Corredor Seco
Alaska: Cambio Climático en la Alaska Árctica
Andes Peruanas: Retroceso de los Glaciares
Sudeste USA: Huracanes y Cambio Climático
México-USA: Migración de la Mariposa Monarca y Cambio Climático
Minas Gerais, Brasil: Cambio Climático y la Productividad Agrícola
México: Migración y Cambio Climático
Buenos Aires, Argentina: Ciudades Costeras y Subida del Nivel del Mar
Centroamérica: Cambio Climático y Seguridad Alimenticia

Algunos de los StoryMaps de los Estudiantes de la Universidad de Richmond son visibles en este link aquí:
https://idearagon.aragon.es/lib/IDEAragon/examples/ACCA/ACCA_regionales.html. En seguida se puede
ver también cuatro artículos cortos que muestran la misma información, pero en una forma resumida y
escrita. Los estudiantes que terminaron este proceso han hecho sus estudios en manglares en Colombia,
súbida del nivel del mar en Belice, la extinción de pájaros en los Andes, y el efecto invernadero urbano en
Sao Paulo, Brasil. Esperamos que estos estudios de casos sirven como ejemplos de una comunicación
científica hemisférica que hace falta para entender la realidad climática y alcanzar un futuro sostenible.
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MANGROVE DESTRUCTION AND CLIMATE CHANGE ON COLOMBIA’S PACIFIC
COAST
DESTRUCCIÓN DE MANGLARES Y CAMBIO CLIMÁTICO EN LA COSTA DEL
PACIFICO DE COLOMBIA
Andre M. Eanes1

Abstract
Mangroves serve a critical ecological role in the coastal tropics throughout the world, and those along
Colombia’s Pacific Coast are no exception. However, mangroves in this region have suffered major destruction
throughout centuries of over-exploitation, with a 57% reduction even since peak levels of harvesting in the
1960s. Considering their incredibly high capacity for carbon storage as well as their role as a resilient coastal
buffer against extreme storms, their destruction poses a grave threat to Colombia’s ability to both prevent and
adapt to the effects of climate change. At the current rate, some of Colombia’s largest cities are at risk of either
being displaced or inundated with climate change refugees in the coming decades. As such, meaningful
conservation and adaptation measures must be enacted to avoid the worst of these effects.
Keywords: ecological degradation, migration, conservation

Resumen
Los manglares cumplen una función ecológica crítica en los trópicos costeros de todo el mundo, y los que se
encuentran a lo largo de la costa pacífica de Colombia no son una excepción. Sin embargo, los manglares de
esta región han sufrido una gran destrucción a lo largo de siglos de sobreexplotación, con una reducción del
57% incluso desde los niveles máximos de cosecha en los años 60. Teniendo en cuenta su increíblemente alta
capacidad de almacenamiento de carbono, así como su papel como amortiguador costero resistente contra
tormentas extremas, su destrucción plantea una grave amenaza a la capacidad de Colombia para prevenir los
efectos del cambio climático y adaptarse a ellos. Al ritmo actual, algunas de las ciudades más grandes de
Colombia corren el riesgo de verse desplazadas o inundadas de refugiados del cambio climático en los
próximos decenios. Por ello, es preciso adoptar medidas significativas de conservación y adaptación para evitar
los peores de esos efectos.
Palabras Claves: degradación ecológica, migración, conservación
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INTRODUCTION
Mangroves comprise a significant portion of coastal
wetlands in tropical regions around the world.
Thriving at the intersection of terrestrial forests,
freshwater wetlands, and marine habitats,
mangrove forests have an incredible resilience to
environmental change and disturbance (Alongi
2015; Bolívar-Anillo et al. 2019). As with many
coastal wetlands, mangroves are an important
buffer zone, protecting the coast from extreme
events such as tsunamis, storm surges, and heavy
rainfall from monsoons or hurricanes (Alongi 2015;
Osland et al. 2015). Additionally, these ecosystems
have an incredible capacity to store CO2 and other
greenhouse gases (known as “carbon sinks”), with
some of the highest rates of soil carbon density in
the world (Osland et al. 2015; “GFW 2018”).
With eight mangrove species and over 200,000 ha
of land area, mangrove forests along Colombia’s
Pacific coast have been and still are are among the
most expansive and biodiverse in the Western
Hemisphere
(Bolívar-Anillo
et
al.
2019;
Castellanos-Galindo et al. 2015; López-Angarita et
al. 2016). As such, they serve as a valuable natural
resource for Colombia’s economy and a prominent
symbol of national heritage for its people.
Colombia’s Pacific coast is a vast region, spanning
four of Colombia’s departments, but it is not very
densely populated, with Buenaventura the only
major city. Even still, a significant presence of
industry, agriculture, and other forms of natural
resource exploitation dates back for hundreds of
years (Castellanos-Galindo et al. 2015; LópezAngarita et al. 2016).
With the onset of climate change, mangrove
ecosystems along the Pacific coast will likely
become more vulnerable, shrinking in their extent
and declining in ecological functionality while
shifting north in their range (Alongi 2015). The
destruction and over-exploitation of mangrove
forests will combine with the effects of climate
change, worsening the ecological degradation
already occurring in this region. Assuming
mangrove destruction and resource depletion
continue in the face of climate change, this
phenomenon could not only cause strain on the
resource availability in Colombia and its
neighboring countries, but it could also expose
large coastal and inland cities to the growing
impacts of climate change.

Historic Degradation and Over-exploitation
Mangrove forests long have served as a valuable
natural resource to the inhabitants of Colombia,
from hunter-gatherers as early as 700 BCE to
Spanish settlers and other pre-Colombian societies,
who intensified the exploitation of charcoal, fish,
and (chiefly) timber starting in the 16th and 17th
centuries (López-Angarita et al. 2016). From that
point up through the mid-20th century, these
extractive practices continued to rise, with
mangrove timber harvesting and mining prevailing
above all else (Castellanos-Galindo et al. 2015;
López-Angarita et al. 2016). When timber
production peaked at in the 1960s, mangrove
degradation and destruction peaked as well due to
land clearing for agriculture and coastal
development and the spraying of DDT to combat
tropical diseases (Castellanos-Galindo et al. 2015;
López-Angarita et al. 2016).
While timber production collapsed in the 1970s and
conservation began to gain popularity in the 1990s,
many sources of degradation have persisted into
the 21st century. In recent decades, deforestation
in this region has primarily been due to aquaculture
(e.g. shrimp farming), agriculture (including illicit
crop cultivation), urban development, and a revival
of mining. In addition to deforestation, mangrove
ecosystems face threats in the form of solid waste
disposal, rising sea levels (among other effects of
climate change), oil and gas exploration, and
overfishing (Castellanos-Galindo et al. 2015;
López-Angarita et al. 2016; Ramirez 2016).
There are currently estimated to be between
200,000 and 300,000 ha of mangrove forest
remaining along Colombia’s Pacific coast (likely
much closer to 200,000), which is a massive
reduction even from peak industrial levels in the
1960s (Castellanos-Galindo et al. 2015; LópezAngarita et al. 2016). According to López-Angarita
et al., their estimated area in 2011 was 213,857 ha
compared to 501,300 in 1960. That is a 57%
reduction in 51 years, with an annual loss rate of
5,636 ha or 1.12%. Since satellite imaging and
advanced geospatial technology have only been
widespread over the past several decades, pre1960 estimates are rough at best. However, given
the well-documented history of deforestation and
over-exploitation in the region over the past 400
years, it can be safely assumed that land area of
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Figure 1: Map of geographic shifts mangroves will undergo with climate change (GFW; labels added by author)

mangrove forests in 1960 were also significantly
lower than that of the pre-colonial era.

The Effects of Climate Change
Globally, mangrove forests are extremely resilient
ecosystems that can act as indicators of
environmental change given their unique position.
They are shaped by multiple types of neighboring
ecosystems, including terrestrial forests, freshwater
wetlands, salt marshes, and marine environments,
and thus the organisms that inhabit them are adept
to harsh and highly variable conditions (Alongi
2015). Climate change will continue to worsen while
these harsh conditions persist, but because they
are so resilient, the effects on tropical mangrove
forests (including those in Colombia) will likely be
complex and not purely destructive (Alongi 2015).

Among the greatest impacts posed by climate
change are geographic shifts, which will occur
multiple dimensions. Tropical mangroves are
expected to shift away from the equator, with those
in the Colombian Pacific moving north. This is
mainly driven by rising ocean and air temperatures,
although changes in rainfall patterns and chemical
composition of the ocean may sometimes
contribute as well (Alongi 2015; Osland et al. 2015).
One harmful aspect of this northern range shift is
the movement into neighboring wetlands in the
Caribbean and Central and North America, where
those wetlands will be displaced. However, the
effects on migrating mangrove forests will be less
straight-forward. They will most likely tolerate
movement into freshwater environments, but
migration northward may also present drier climates
in which they will suffer. Overall, despite these
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Figure 2: Map of soil carbon density along the coast south of Buenaventura, demonstrating the high carbon storage capacity of
mangroves (in dark red) compared to inland areas (GFW)

variable situations, the extentAnnual
of mangrove
forests (°C) in Colombia from 1901-2016
Average Temperature
(World Bank Group, Climate Change Knowledge Portal)
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variable situations, the extent of mangrove forest in
Colombia is predicted to shrink as they shift north,
with negative repercussions overall (Alongi 2015).
In addition to increasing temperatures, rising sea
levels and changing rainfall regimes have the
potential to inundate mangrove ecosystems with
saltwater, forcing them to shift inland if space is
available. In some areas, mangroves have been
able to keep pace with sea level rise and endure
waterlogging, but in others, these changes are
happening faster than mangroves can tolerate.
Additionally, coastal development can hinder their
ability to shift inland, further constraining their
habitable zone or that of the ecosystem they are
displacing (Alongi 2015; Osland et al. 2015).
Therefore, these inland shifts may have variable
effects on mangroves themselves, but human
development is restricting their migration, and this
movement will have mainly negative repercussions.

Ecological Impacts
Because of their key coastal position, the effects of
climate change will be inflicted heavily onto the
ecological stability of mangroves. Ocean
acidification, warmer temperatures, and more
intense storms will be imposed directly on them,
creating a more hostile physical environment and
testing the limits of these generally resilient
environments. At the same time, sea level rise will
inundate them with increasing amounts of saltwater,
potentially waterlogging them beyond tolerable
levels (Alongi 2015; Osland et al 2015). Along with
direct human deforestation, these effects destroy
critical buffer zones, which provide protection from
the impacts of climate change in the first place.
Mangrove deforestation also removes vast
amounts of carbon storage capacity. Known as
“carbon sinks,” the soil and plants in many
ecosystems have the ability to store large quantities
of carbon dioxide and other greenhouse gases.
Mangrove
forests
consistently
contain
approximately 300-400 Mg C/ha,* which is virtually
unparalleled by any other ecosystem, making them
among the most dense carbon sinks in the world. A
conservative estimate (assuming a minimum of 300
Mg C/ha on average over 300,000 ha) would
indicate that since 1960, approximately 90 million
metric tons of carbon storage capacity have been
lost in this region alone (López-Angarita et al. 2016;

“GFW 2018”). For perspective, that is more than the
annual CO2 emissions for all of Colombia (“Global
Carbon
Atlas
2018”).
This
consequence
exacerbates climate change on both ends, fueling
global warming by releasing greenhouse gases into
the atmosphere while reducing the natural capacity
to sequester those greenhouse gases.
In terms of direct human degradation, mangrove
deforestation is a major element in ecosystem loss
and degradation, as much of Colombia’s Pacific
coast has been subject to a total of 300,000 ha of
clearance or modification for gold and platinum
mining, agriculture (coconut, palm oil, and illicit crop
cultivation), fish and shrimp aquaculture, oil and gas
drilling, and coastal development (CastellanosGalindo et al. 2015; López-Angarita et al. 2016).
Additionally, decades of intense pollution threaten
the stability of remaining ecosystems. Overall,
these impacts will result in major biodiversity loss
and population decline, reductions in ecosystem
services, contraction in mangrove extent,
encroachment into northern ecosystems, and
diminished ecological resilience and complexity
(Alongi 2015; López-Angarita et al. 2016; Osland et
al. 2015).

Social Impacts
Given the primarily Afro-Colombian population
along the Pacific coast, which are already in a
socioeconomically marginalized position, as well as
the political and economic unrest that pervades
much of the country, Colombia is in a particularly
sensitive position (Baptiste et al. 2017; CastellanosGalindo et al. 2015). While coastal cities like
Buenaventura are extremely vulnerable to sea level
rise among other impacts of climate change, even
some of Colombia’s farther inland cities such as
Medellín and Cali may become subject to harsher
impacts due to diminishing coastal buffers and
strengthening storms. Thus, because climate
change will disproportionately harm lower income
and coastal populations, millions of people in some
of Colombia’s largest cities are particularly
vulnerable.
Colombia’s Pacific coast has historically been
incredibly productive, so a decline in resource
availability and economic output from the region
(which will be discussed further in the following
section) would likely cause socioeconomic ripples
throughout Colombia (Ramirez 2016). Goods such
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as fish, coffee, and tropical fruits are not only major
exports produced largely on or near the Pacific
coast, but they are also integral parts of Colombia’s
rich culture. Similarly, the Pacific coast and the
mangroves it hosts have societal value to the
Colombian people, and its degradation comes a toll
to the country’s cultural fabric. If not taken seriously
and effectively mitigated, these amplified effects of
climate change have the potential to further
constrain resources, unravel social resilience, and
deepen socioeconomic inequality (López-Angarita
et al. 2016; Ramirez 2016).

Economic Impacts
Given the aforementioned biodiversity loss,
ecosystem
degradation,
and
increasing
environmental hostility due to climate change, the
Pacific coast is likely to become less productive,
posing a major threat to Colombia’s economic
output. Sectors such as fishing, shrimp aquaculture,
mining, and logging (counting the large part of those
industries which are illegal) are all widespread in the
region and make up a significant portion of
Colombia’s GDP (López-Angarita et al. 2016).
Considering the high dependence those industries
have on the region's natural capital, the evermagnifying resource depletion and ecosystem
collapse will undoubtedly have adverse effects on
the output of this region. While a silver lining may
exist in that these changes could force a transition
toward more sustainable land use, development,
and resource management, it might be too late to
act. The window to enact meaningful mitigative and
adaptive solutions to climate change is quickly
closing, and many coastal communities are already
on
trajectory
to
experience
devastating
repercussions (López-Angarita et al. 2016; Ramirez
2016).
Furthermore,
future
migration,
reconstruction, and adaptation in the wake of
climate change come at tremendous cost, as with
many countries around the world (IPCC 2019).

Going Forward
In order to avoid the worst and most irreversible
effects of climate change, substantial action must
be taken to practice more sustainable development
and resource management as well as enact robust
and widespread conservation efforts. In addition to
adapting urban and industrial development, one of
the simplest and most cost-effective solutions is to

conserve existing mangroves and coastal wetlands
and allow degraded areas to regrow. In order to
carry out robust conservation efforts, however, the
current state of conservation in Colombia must be
acknowledged in order to improve it.
While recent conservation efforts have been fairly
successful in establishing protected areas in
coastal regions, many have been implemented
primarily due to international treaties and diplomatic
pressure, and they often lack the oversight and
enforcement necessary to be effective. In order to
enact more meaningful and widespread protections,
there must be greater collaboration between
communities, NGOs, and governments on all levels
(Ramirez 2016). This will ensure that the interests
of all parties involved are considered, conservation
efforts can draw on a variety of groups for their
unique strengths, and the protection of coastal
areas can be governed and enforced as effectively
as possible. As such, successful collaboration on
the conservation of Colombia’s Pacific coast will
create a stronger coastal buffer against extreme
weather events, slow the advance of climate
change through enhanced carbon sequestration,
and preserve the natural resources that Colombia
both relies on economically and treasures as a
cultural symbol.
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SEA LEVEL RISE IN BELIZE: A CASE STUDY
SUBIDA DEL NIVEL DEL MAR EN BELICE: UN ESTUDIO DE CASO
Darian S. Wyatt1

Abstract
Sea level rise is a climate change phenomenon already impacting coastal regions around the world, including
Belize. Because of its impact on the health of ocean ecology, coastal ecosystems, biodiversity, infrastructure,
and coastal populations, sea level rise poses a serious threat to the holistic wellbeing of Belize. This paper
introduces the science of sea level rise, its direct impact on Belize, and the measures that can be, and are
actively being used to mitigate and adapt to changing sea levels.
Key words: sea level rise, coastal erosion, Belize, climate change.

Resumen
El aumento del nivel del mar es un fenómeno de cambio climático que ya está afectando a las regiones costeras
de todo el mundo, incluido Belice. Debido a sus repercusiones en la salud de la ecología oceánica, los
ecosistemas costeros, la diversidad biológica, la infraestructura y las poblaciones costeras, el aumento del nivel
del mar plantea una grave amenaza para el bienestar integral de Belice. En este documento se presenta la
ciencia del aumento del nivel del mar, sus efectos directos en Belice y las medidas que pueden utilizarse, y se
están utilizando activamente, para mitigar el aumento del nivel del mar y adaptarse a él.
Palabras clave: aumento del nivel del mar, erosión costera, Belice, cambio climático.
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INTRODUCTION: BELIZE AT A GLANCE
Belize is a country located in the northernmost part
of the Central American Isthmus and along the
southeastern part of the Yucatan Peninsula. The
country’s land area of 22,960 square kilometers
features a long, low-lying coastline (much of the
coastline has less than one meter of elevation),
making the coastal area extremely vulnerable to
flooding and other coastal disasters, such as
hurricanes “Belize, UNDP”. The country’s location
in the hurricane belt and low coastal elevation
results in disastrous hurricanes approximately
every three years “Belize, UNDP”.
Almost half (45 percent) of Belize’s population of
375,000 lives within ten kilometers of the coast
“Belize, PAHO; Karlsson et al., 2015”. Belize City,
the country’s population hub, is an important port
city and tourism destination with multiple areas
already below sea level “Belize, PAHO”. In addition,
the coast drives much of the Belizean economy, as
a lot of economic activity and infrastructure are
based along the country’s coastline, including
important aspects of Belize’s tourism and fishing
industries “Karlsson et al., 2015”. The coast also
plays an important role in Belize’s environment due
to the fact that the country has rich coastal
ecosystems and natural resources, such as
mangrove forests “Karlsson et al., 2015”. Figure 1
shows how just a 2 degrees celsius increase in
temperature is enough to completely submerge the
edge of the coast of Belize due to sea level rise, a
direct result of climate change.

Figure 1: Image of how 4 degrees Celsius and 2 degrees
Celsius increases in global climate will impact sea level
rise in Belize. Surging Seas, 2019.

Sea Level Rise at a Glance
Sea level rise is a phenomenon that is occurring in
the status quo due to anthropogenic climate change
in two main ways: melting glaciers and thermal
expansion. As Earth’s temperatures have begun to
increase, large ice sheets and glaciers at the poles
have started melting, creating an overall increase in
ocean water, causing sea levels to rise
“Oppenheimer et al., 2019”. In addition to this, heat
causes water to expand because water absorbs it,
meaning that as temperatures increase, seawater
expands due to the absorption, resulting in a rise in
sea levels “Oppenheimer et al., 2019”. Global
temperatures have been increasing at an alarming
rate within the past few decades (an average
increase rate of .17 degrees celsius per decade)
and ever since the age of exponential human
growth known as the Great Acceleration began in
the mid twentieth century, resulting in an increase
in atmospheric pollutants and gases, such as
carbon dioxide, which are associated with climate
change “Lindsey and Dahlman, 2019; Zalasiewicz
et al., 2015”. Anthropogenic factors, like burning
hydrocarbons such as fossil fuels and emitting
greenhouse gases to create energy and support the
agriculture industry, while also inadvertently filling
the atmosphere with heat trapping pollutants, have
resulted in the creation of the conditions that
facilitate changes in climate for decades “Vetter el
al., 2017; Zalasiewicz et al., 2015”. Fossil fuel
burning releases carbon dioxide, and since carbon
dioxide is a heat trapping greenhouse gas, its
emission results in increases in temperature
“Zalasiewicz et al., 2015”. Greenhouse gases like
carbon dioxide are also released during agricultural
practices, as the use of mineral fertilisers can result
in significant greenhouse gas emissions, which is
the case in India, were 18% of the country’s
greenhouse gas emissions come from the
agricultural production industry “Vetter et al., 2017”.
From this, we see that human actions and activities
have resulted in the release of environmentally
harmful gases that are resulting in increases in
global temperatures and climatic changes.
The anthropogenic factors, like increased
greenhouse gas emissions, that are resulting in the
sea level rise phenomenon are only worsening as
time progresses, creating the rising sea levels that
can be seen in Figure 2. Multiple scientific
projections anticipate significant increases in global

15

Sea level rise in Belize: a case study
Darian S. Wyatt
pp. 14-19

sea levels, as shown in Figure 3, and some experts
strongly believe the global mean sea level could
possibly rise by two meters within the next one
thousand years “Oppenheimer et al., 2019”. These
statistics are harmful because sea level rise leads
to coastal erosion, ecosystem loss, flooding, and an
increase in soil salt levels “Oppenheimer et al.,
2019”. These issues can result in negative, large
scale social and economic damages and
consequences as well, such as home and
infrastructure damage and loss, industry disruption,
and displacement.

The Case of Belize: Why is this Such an Issue
Although sea level rise can pose significant direct
threats to any countries with coastlines, Belize is an
exceptionally vulnerable country due to its natural
environmental landscape “Ramos, 2016”. Belize’s
rate of sea level rise is approximately three
millimeters annually, which may seem small now,
but will ultimately result in thirty millimeters, or three
centimeters, of sea level rise in ten years “Leslie &
CARICOM in Ramos, 2016”. Dr. Leslie also stated
that each millimeter of sea level rise equates to a
meter of submerged coastline and considering the
fact that Belize lies very close to sea level, further
sea level rise will pose a serious issue to the
country, it’s environment, and its people “Ramos,
2016”.

Environmental Impacts

Figure 2: Graph of average global sea rise from 1993 to 2017.
Steve Nerem/University of Colorado, Boulder.

Figure 3: Graphs of different global mean sea level rise
projections. RCP 2.6 represents a mid-century peak in radiative
forcing levels, RCP 4.5 represents radiative forcing levels
stabilizing at 4.5 W/m² before 2100, and RCP 8.5 represents
radiative forcing levels continuously increasing up to 8.5 W/m².
Oppenheimer et al., 2019.

Some of the negative environmental impacts of sea
level rise in Belize are coastal erosion and flooding,
which can both lead to ecosystem damage and the
loss of important natural resources. Coastal erosion
occurs when sea levels rise and wear away parts of
the coast. As sea levels rise, coastal land and
sediment can be moved and displaced by the rising
waves and tides of the sea, resulting in coastal
erosion “Karlsson et al., 2015”. Coastal erosion is
negatively impacting coastal areas of Belize
because the erosion is harming the littoral forests
and coastal beach shrubs, which are extremely
important because they act as barriers to help
stabilize and ameliorate increases in beach erosion
as well as functioning as habitats for many animal
species “Cashman and Nagdee, 2017”.
Coastal erosion is especially a problem in Belize, a
country that relies very heavily on its coastal
resources to support its industries, like banana
cultivation and tourism, which help support the
population “Karlsson et al., 2015”. Flooding occurs
when water from the ocean is brought into coastal
ecosystems due to rising sea levels and it is a
negative consequence of sea level rise because it
can submerge coastal ecosystems that are not
protected, especially when the salty seawater
infiltrates non-salt water ecosystems “Nunez,
2019”.
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Economic Impacts
The main economic impact of sea level rise in
Belize is the large expense the issue creates due to
the damage it causes. When sea level rise results
in coastal retreat that damages or destroys
infrastructure, homes, and critical environmental
features, citizens and the Belizean government
must cover the costs of these effects in order to
rebuild what rising sea levels and coastal erosion
damage, resulting in large restoration expenses.
Sea level rise also negatively impacts Belize due to
its effect on some of the country’s most important
industries. Because of its nice beaches and islands,
coral reefs, and popular port cities, tourism is a
popular industry for Belize’s economy and in 2017,
tourism contributed 22% to the country’s GDP and
accounted for 13% of its employment rate “Eugui
and Formenti, 2018”. However, since sea level rise
is threatening Belize’s beaches, islands, coral reefs,
and port cities due to the erosion and flooding it
causes, the tourist attractions that make up the
tourism industry will be damaged or destroyed,
resulting in a decrease in tourism accompanied by
a decrease in the GDP generated from the tourism
industry. In addition, sea level rise also threatens
Belize economically through important industries by
harming the natural resources and ecosystems
Belizeans use to generate money such as banana
cultivation and shrimp farms “Karlsson and
Hovelsrud, 2015”. Since Belize generates money
from these industries, this shows that the issue is
negatively impacting Belize economically, in
addition to putting the country and its people under
financial hardships by damaging their landscape.
Social Impacts
One of the main social impacts of sea level rise is
damage to coastal infrastructure and industries
such as agriculture, shrimp farming, and tourism
“Karlsson et al., 2015”. Coastal infrastructure being
impacted by sea level rise has a very significant
social impact in Belize because a large amount of
the country’s residents live within ten kilometers of
the coast, meaning they are at risk of becoming
climate change refugees as their homes and the
infrastructure they rely on in their daily lives are
being put at risk due to rising sea levels “Karlsson
et al., 2015”.
In addition to posing a threat to the daily lives of
Belizeans both living near the coast and benefitting
from coastal industries and infrastructure, sea level

rise has also impacted Belize socially by damaging
sites of cultural significance such as ancestral burial
grounds “Cashman and Nagdee, 2017”. When sites
of historic and cultural importance are damaged or
submerged, the area’s overall cultural and historic
landscape is negatively impacted due to the
removal
of
the
significant
elements.

Other Countries in the Americas that are Being
Impacted by Sea Level Rise
In addition to Belize, the United States and Brazil
are examples of some other countries in the
Americas that are also being impacted by sea level
rise and its harms. In northwestern Alaska, sea level
rise is occurring and due to coastal degradation
from rising shores mixing with melting permafrost
being caused by increasing temperatures, coastal
erosion is underway and in some areas, it is
happening rapidly “Farquharson et al., 2018”. In the
status quo, approximately 35% of Brazil’s coastline
is undergoing erosion due to increases in sea level
rise coupled with unplanned coastal development
as well as increase in storm surges “Leal Filho et
al., 2018”. This shows that the issue of sea level rise
is not an isolated problem and that many countries
and regions in the Americas, in addition to around
the world, if we were to widen our scale, are dealing
with this phenomenon and its impacts due to
climate change.

What Can Be Done
To directly combat sea level rise, Belize can
implement a few techniques to mitigate or
accommodate the harms, such as natural protective
buffers like mangroves, seagrasses, and coral
reefs. These plants can be used to help protect from
the negative coastal impacts of erosion by being
planted or refortified near at-risk shores to act as a
protective buffer, decreasing the amount of sea
level rise and coastal erosion “Guannel et al., 2016”.
Out of these three natural vegetation types,
mangrove forests are considered to be best suited
to protect coasts from the negative impacts of sea
level rise when analyzed individually “Guannel et
al., 2016”. On the other hand, live corals and
seagrasses work fairly well in terms of their ability
to mitigate the impacts of waves and various
storms, which would also be very useful for Belize’s
coastal ecosystems “Guannel et al., 2016”.
Although certain types of natural protective
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vegetation work better than others, the overall
conclusion from analyzing mangrove forests,
seagrasses, and corals is that they are the most
effective when they are used together, since their
protective properties support each other, creating a
system of coastal fortification “Guannel et al., 2016”.
Belize could expand its use of elevated architecture
and infrastructure for roads, homes, buildings,
recreational
facilities,
etc.
would
further
accommodate and decrease the human impacts of
sea level rise “Poh Wong, 2018”. Although these
two tactics would not be enough to stop or reverse
the impacts of sea level rise due to climate change,
they would reduce the overall vulnerability of Belize
and its people.
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THE URBAN HEAT ISLAND EFFECT IN SÃO PAULO, BRAZIL
EL EFECTO DE LA ISLA DE CALOR URBANA EN SÃO PAULO, BRASIL
Eva Kathryn Sjovold1

Abstract
The Urban Heat Island (UHI) effect refers to the phenomenon in which urban areas experience hotter
temperatures compared to their rural outskirts. Land-use change associated with urbanization has transformed
once vegetated lands into areas of concentrated development. This process has resulted in widespread
changes in albedo, or a surface’s capacity to reflect solar radiation, contributing to rising city temperatures. The
dark surfaces of the built environment absorb and retain heat instead of reflecting it. Urban areas are also largely
devoid of vegetation, limiting evaporating cooling in cities. Hotter city temperatures are associated with
increased risk of heat-related illnesses and mortality, greater disease spread, poor air quality, decreased
economic productivity, and greater precipitation and severe weather incidence. The social, economic, and
environmental implications of the UHI effect threaten to negatively impact human wellbeing, with vulnerable
populations, like low-income communities, especially at risk. With nearly 70% of the global population expected
to live in urban areas by 2050, the need to understand and address the UHI effect is critical. Additionally, as
global warming and climate change amplify the UHI, implementing mitigation strategies becomes increasingly
important. This study intends to examine how UHI affects the global megacity of Sao Paulo, Brazil. With more
than 21.5 million individuals and the fourth largest daytime UHI effect compared to other major global cities,
Sao Paulo is a particularly important case study. This study examines the impacts and risks of the UHI effect in
Sao Paulo and discusses potential mitigation measures as well.
Keywords: urban heat island effect, UHI, urbanization, mitigation.

Resumen
El efecto de isla de calor urbano (UHI) se refiere al fenómeno en el que las zonas urbanas experimentan
temperaturas más elevadas en comparación con sus periferias rurales. El cambio de uso de la tierra asociado
a la urbanización ha transformado las tierras que antes tenían vegetación en zonas de desarrollo concentrado.
Este proceso ha dado lugar a cambios generalizados en el albedo, o la capacidad de una superficie para reflejar
la radiación solar, contribuyendo al aumento de las temperaturas de las ciudades. Las superficies oscuras del
entorno construido absorben y retienen el calor en lugar de reflejarlo. Las zonas urbanas también están en gran
medida desprovistas de vegetación, lo que limita la evaporación del enfriamiento en las ciudades. Las
repercusiones sociales, económicas y ambientales del efecto UHI amenazan con tener un impacto negativo en
el bienestar humano, con poblaciones vulnerables, como las comunidades de bajos ingresos, especialmente
en riesgo. Dado que se espera que casi el 70% de la población mundial viva en zonas urbanas para 2050, la
necesidad de comprender y abordar el efecto UHI es fundamental. Además, a medida que el calentamiento
global y el cambio climático amplifican el UHI, la aplicación de estrategias de mitigación es cada vez más
importante. Este estudio pretende examinar cómo el UHI afecta a la megaciudad global de Sao Paulo, Brasil.
Con más de 21,5 millones de personas y el cuarto mayor efecto diurno de UHI comparado con otras grandes
ciudades globales, Sao Paulo es un caso de estudio particularmente importante. Este estudio examina los
impactos y riesgos del efecto UHI en Sao Paulo y también discute las posibles medidas de mitigación.
Palabras claves: efecto de la isla de calor urbana, ICU, urbanización, mitigación.
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INTRODUCTION
CONNECTIONS

AND

CLIMATE

CHANGE

The Urban Heat Island (UHI) effect is a welldocumented phenomenon in which urban areas
experience elevated temperatures compared to
their surrounding areas. As you move outward from
cities, vegetation increases and temperatures drop.
Referring to Figure 1 above, cities and developed
areas experience elevated daytime and nighttime
temperatures compared to rural areas, parks, and
waterbodies,
with
notably
high
surface
temperatures during the day (US EPA, 2014).
Essentially all urban areas around the world
experience the UHI effect to varying degrees and
Sao Paulo’s UHI effect is very pronounced (Peng et
al., 2012). As global populations are rapidly
urbanizing, mitigating the UHI effect to avoid
negative environmental, social, and economic
effects is of strong importance. Currently more than
half of the world's population lives in urban areas,
with nearly 70% of the global population expected
to live in cities by 2050 (UNDESA, 2018). Also
essential is understanding the relationship between
climate change and its amplification of the UHI

effect. This case study of Sao Paulo attempts to
analyze the UHI effect in a major global city and
provide strategies for mitigation.
Growing urbanization and suburban sprawl
replaces once vegetated areas with asphalt streets,
concrete structures, residences, industrial and
business areas, and high-rise buildings, all packed
tightly together. This land-use change results in a
change in albedo (reflectivity of solar radiation),
where dark surfaces of the built environment absorb
and retain more heat than the former land. As such,
cities suffer from a lack of vegetation and high land
surface temperatures, negatively impacting human
well-being (Peng et al., 2012). The concentration of
buildings within cities also reduces wind and air
flow, trapping hot air and pollutants closer to the
ground. Hotter city temperatures also increases
energy demand for cooling purposes, spewing
greater amounts of greenhouse gases into the
atmosphere and further contributing to climate
change (Santamouris et al., 2015). Overall, the UHI
effect harms human well-being, increases disease
risk, reduces air quality, and diminishes economic
productivity (Peng et al., 2012). Examining the

Figure 1. Urban Heat Island diagram showing elevated surface and air temperatures over downtown and developed areas.
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social, economic, and environmental impacts of the
UHI effect reveals a need for implementation of
mitigation strategies.
While the UHI effect is not caused by or directly
contributing to climate change, rising global
temperatures will amplify the intensity and duration
of the UHI effect. The IPCC emphasizes that
“increased frequency of hot days and warm spells
will exacerbate urban heat island effects” with “the
current trend of increasingly frequent extreme
events...expected to increase with climate change”
(Revi et al., 2014). Cities are already hotter than
their surroundings and as the climate warms, the
UHI effect and its negative impacts will be amplified.
Many UHI mitigation strategies, like adding trees
and green spaces around cities, can also help
lessen climate change since vegetation removes
carbon from the atmosphere. Thus, while UHI and
climate change are not causally linked, they are
related phenomena.
Examining UHI in Sao Paulo, Brazil
Brazil has experienced rapid and dramatic
urbanization. From 1960 to 2000, Brazil’s urban
population grew from 46% to over 80%,
skyrocketing from 3.97 million to 17 million in just
four decades (Ritchie and Roser, 2018). Currently,
about 86% of Brazil’s population reside in urban
areas, with the largest city being Sao Paulo
(UNDESA, 2018). The Metropolitan Area of Sao
Paulo is home to more than 21.57 million
individuals, making it one of the most populous
cities in the world (“Região Metropolitana de São
Paulo,” 2018). This process of urbanization results
in widespread land-use change as the inner city
becomes more densely populated and the city limits
continue to expand outwards. Sao Paulo has the
fourth largest daytime UHI effect compared to other
global cities. Sao Paulo is more than 5°C hotter
than its surrounding areas, a dramatic difference
posing major threats to human well-being (Peng et
al., 2012). Beyond UHI, Sao Paulo has also
experienced a more than 4°C increase in average
maximum temperatures over the past eighty years
(Lima and Magana Rueda, 2018). Given its
massive urban population and increased
temperatures, the need to address the UHI effect in
Sao Paulo is critical.
Land-use change, loss of vegetation, building and
population
concentration,
greater
energy

consumption, and accumulation of anthropogenic
carbon emissions in such a confined area have
contributed to climatic and weather pattern changes
in the Sao Paulo region (Lima and Magana Rueda,
2018). Climate and weather variability in the region
is also attributable to Sao Paulo’s “complex
topography,” with local weather conditions
influenced by mountain-valley and sea-breeze
circulation patterns (Ribeiro et al., 2018). The hotter
temperatures associated with the UHI effect are tied
to changes in atmospheric humidity and stability,
affecting the formation of deep clouds and
precipitation patterns. As such, the UHI effect is
associated with an increase in extreme precipitation
events and a decrease in light rain patterns (Lima
and Magana Rueda, 2018). Sao Paulo receives
four times more precipitation than its surroundings
due to interactions between UHI and sea-breeze
effects. Increases in the intensity and frequency of
severe weather including thunderstorms, flash
flooding, and high winds, are attributable to UHI and
local circulation patterns in Sao Paulo (Vemado and
Filho, 2016). Extreme weather and precipitation
events have the potential to destroy property,
disrupt food production, and damage important
infrastructure.
Looking at social impacts, UHI impacts and risks
are not distributed evenly amongst the population.
Populations particularly vulnerable to extreme heat
include low-income, young children, elderly adults,
and individuals with chronic illnesses. Low-income
communities tend to lack access to parks, air
conditioning, and healthcare services and may be
more impacted by severe storm damage (US EPA,
2014). In cities, parks tend to be much cooler than
built structures and in Sao Paulo, only wealthy
neighborhoods have high amounts of vegetation.

Figure 2. Paraisópolis, a favela in São Paulo, is an example of
a community that is uniquely vulnerable to the impacts of the
UHI effect Rodrigo, 2014).
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Lower income neighborhoods in Sao Paulo suffer
from a stark lack of parks and green spaces, greatly
increasing the intensity of the UHI effect locally
(Lima and Magana Rueda, 2018).
UHI and climate change may also increase human
mortality by increasing heat wave frequency,
duration, and intensity. Across a 14-year period,
Son et al. (2016) discovered that extreme heat led
to increased mortality in Sao Paulo. Heat exposure
can result in vascular changes and systemic
inflammation leading to respiratory distress and
death. (Son et al., 2016). Heat exposure can send
the body into heat exhaustion and heat stroke,
triggering heart attacks, strokes, and cardiovascular
failure. In the United States, heat is the primary
cause of weather-related deaths. For vulnerable
populations, including those that work outside,
those with cardiovascular or respiratory illnesses,
young children, those older than 65, and lowincome individuals, excessive heat can be life
threatening (US EPA, 2016).
UHI also plays a role in increasing disease
prevalence. Looking particularly at dengue, a
mosquito-borne illness with health effects ranging
from mild to life threatening illness, Araujo et al.
(2015) found that UH increases dengue incidence.
In São Paulo, the vast majority of dengue cases
were found in areas with surface temperatures
greater than 28°C and in areas with low vegetation,
indicating that the urban environment is more
conducive to disease spread. Further, high land
surface temperatures (>32°C) showed a stronger
correlation to dengue than any other factor, like
socioeconomic status and population density
(Araujo et al., 2015). Considering the serious health
impacts of dengue as well as documented heat
mortality, UHI poses a significant threat to public
health.
Another health and environmental concern is that
UHI can worsen city air pollution. City vehicles,
power plants, refineries, and other industries spew
carbon dioxide, nitrogen oxides, volatile organic
compounds, and other pollutants into the
atmosphere. The formation of ozone occurs
through a chemical reaction between nitrogen
oxides (NOx) and volatile organic compounds
(VOCs) in the presence of heat and sunlight.
Elevated city temperatures, combined with a large
number of NOx and VOC emissions sources, leads
to more ozone pollution. Ozone pollution harms
human health, leading to chronic respiratory and

cardiovascular diseases (Weaver et al., 2009). In
this manner, UHI and climate change can seriously
impact human health by amplifying air pollution.

Figure 3. Visible air pollution engulfing downtown São Paulo;
elevated temperatures from the UHI effect can worsen air
pollution, threatening human health. (Miura, 2014).

Beyond social impacts, UHI also poses economic
concerns. High temperatures diminish economic
productivity, lowering economic output, reducing
average incomes, and widening income inequality
(Burke et al., 2015). Urban areas account for most
economic productivity and already experience
hotter temperatures from UHI so as climate change
continues, urban economies will be hit particularly
hard. When calculating the economic costs of
climate change for global cities, researchers found
that accounting for the local UHI effect increases
economic losses by 260% (Estrada et al., 2017).
This indicates how cities will face major economic
losses as a result of elevated temperatures. Sao
Paulo is Brazil’s most critical financial and political
hub, accounting for more than 17% of Brazil’s GDP
(“Região Metropolitana de São Paulo,” 2018). Any
loss of economic productivity in Sao Paulo could
have devastating repercussions. Thus, mitigating
the UHI effect and implementing climate change
strategies is necessary to secure economic stability
in the region.
UHI Mitigation
There are many strategies cities can use to alleviate
the UHI effect. Successful plans involve increasing
vegetation and changing surface albedo so that
less heat is absorbed and trapped in cities.
Vegetation is critical as it works to increase
evapotranspiration, provide shade, and increase
albedo if it replaces a dark surface, all leading to a
cooling effect (Feyisa et al., 2014). Combining
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various strategies to create effective policy plans is
essential.
While these strategies can be used almost
anywhere, the amount of cooling varies locally.
Depending on the study area, park air temperatures
may be between 1-7°C cooler (Feyisa et al., 2014).
Despite variation, urban green spaces effectively
lower air temperatures while providing other
benefits. Feyisa et al. (2014) explains that “green
vegetation can improve both indoor and outdoor
thermal comfort, while at the same time providing
multiple environmental services such as carbon
storage, reduced air pollution, and act as urban
biodiversity hotspots.” Looking at Sao Paulo, a
study focusing on the downtown area of Luz found
that a local park had ambient air temperatures
between 2°C and 6°C lower than the open city
square area. Simulations found that streets with
high-density
tree
canopies
lowered
air
temperatures only by about 1°C, but lowered street
surface temperatures by up to 12°C. Dense shading
trees dramatically improved thermal comfort and
eliminated the hot afternoon peak in discomfort
(Spangenberg et al., 2008). Beyond simply lowering
temperatures, increasing the amount of green
spaces can improve physical and mental well-being
and increase available habitat and species diversity
in cities.
Strategically arranging and selecting tree species
can maximize temperature reductions. Planting
trees and vegetation in wind corridors can lower air
temperature almost twice as much as planting trees
in leeward areas (Tan et al., 2016). This placement
enhances cool air circulation while lowering local
temperature as well. Tree species also influences
temperature reduction as some species have more
dense canopy cover and higher evaporation rates.
For example, of selected tree species in Addis
Ababa, Eucalyptus, Olea, and Acacia provided the
greatest cooling effect (Feyisa et al., 2014). A study
of tropical locations emphasizes that the
“dimension, shape, and color of leaves” influences
how much temperature decreases and found that
out of twelve tree species, Caesalpinia pluviosa
performed best. In terms of how hot it feels to
humans, clusters of C. pluviosa lowered
temperatures as much as 16°C (de Abreu-Harbich
et al., 2015). These combined results indicate the
importance of tree species selection and vegetation
design in creating UHI mitigation plans. Another
strategy involves green and cool roof technologies.
Rooftops represent roughly 25% of the city surface

area and tend to be dark grey, but converting them
to green and cool roofs could lower city
temperatures significantly. Green roofs are unique
in that they provide two cooling mechanisms,
“active by evaporative cooling and passive by
insulation” (Aflaki et al., 2016). While green roofs
lower outdoor temperatures, they also lower indoor
air temperature and reduce energy demand for air
conditioning. Green roofs can also be used for
urban agriculture and increase biodiversity and food
production in cities. Similarly, changing the color of
a rooftop from a dark to a “cool” color (white, pale
colors) reduces heat storage, minimizing the UHI
effect. A simulation of the Baltimore-Washington
area found that if just 50% of roofs were converted
to cool roofs, surface UHI could be lowered by
nearly 2°C (Li et al., 2014). Along similar lines,
changing the albedo of other surfaces like roads,
sidewalks, and parking lots and adding vegetation
can help offset the UHI effect.

Figure 4. Green roof tops, like this one at the São Paulo
Cultural Center, help mitigate the UHI effect (Morgan, 2014).

Conclusion
The Urban Heat Island effect is being amplified by
climate change, increasing the intensity, frequency,
and duration of periods of hot temperatures. The
UHI effect has detrimental impacts on human health
and
well-being,
economic
stability,
and
environmental conditions. From severe weather to
disease incidence to air pollution, the impacts of
UHI in Sao Paulo are well documented and have
serious implications. As a global megacity with
more than 21 million residents, Sao Paulo would be
wise to implement effective UHI mitigation
strategies including increasing tree cover,
vegetation, and green spaces and converting
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conventional rooftops to green and cool roofs.
While taking mitigation measures are essential,
implementing adaptation strategies like creating
accessible cooling centers, ensuring access to
health care services, creating neighborhood checkin models to identify vulnerable residents, and
educating the public and increasing awareness of
how to avoid heat-related illness and access
services are all necessary in managing the UHI
effect and protecting public health (“Mayor
Announces Program,” 2017). To ensure that Sao
Paulo remains a thriving and livable city, a
comprehensive UHI mitigation and adaptation plan
should be created and implemented.

Feyisa, G. L., Dons, K., & Meilby, H. (2014).
Efficiency of parks in mitigating urban heat island
effect: An example from Addis Ababa. Landscape
and Urban Planning, 123, 87–95.
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THE ESCALATOR TO EXTINCTION: BIRD EXTINCTIONS ON ANDEAN
MOUNTAINTOPS DUE TO CLIMATE CHANGE
LA ESCALERA DE LA EXTINCIÓN: EXTINCIONES DE AVES EN LAS CIMAS DE LAS
MONTAÑAS ANDINAS DEBIDO AL CAMBIO CLIMÁTICO
Michael Riley Place1

Abstract
Tropical, multi-elevation ecosystems are among the most biodiverse in the world, and at high risk to climate
change. As temperatures increase, species move upslope to where it is cooler in pursuit of the climate to
which they are adapted. These upward shifts constitute an “escalator to extinction.” Empirical studies on
the actual species-level effects climate change are scarce due to lack of historical data with which to
compare to modern abundance surveys. In this paper, I examine two recent studies comparing current
avian abundance levels to levels in the 20th century on Cerros Pantiacolla and del Sira in the Peruvian
Andes range. The studies demonstrate a pattern of upslope shifts of bird species consistent with predictive
models for tropical ecosystem. As birds are warm-blooded, it is likely that relatively more temperature
sensitive cold-blooded species are experiencing even greater shifts. Species dislocation at this scale will
not only result in large-scale disruption of relatively stable tropical ecosystems, but will also have costly
impacts on Peru’s potential for ecotourism and unique natural heritage. Lack of research on the subject
requires further study to establish an understanding of the nuances of elevation shifts. Once the problem is
better understood, conservation efforts in the form of climate change mitigation projects and establishing a
network of eco-corridors to facilitate upslope transitions can be implemented to reduce species loss.
Key Words: extinction, climate change, andean moutanintops.

Resumen
Los ecosistemas tropicales de elevaciones múltiples se encuentran entre los más biodiversos del mundo
y tienen un alto riesgo para el cambio climático. Mientras que aumentan las temperaturas, las especies se
mueven hacia arriba donde hace más frío en busca del clima al que ya están adaptadas. Estos cambios
ascendentes constituyen una "escalera mecánica hacia la extinción". En este artículo, examinó dos
estudios recientes que comparan los niveles actuales de abundancia de aves con los niveles del siglo XX
en Cerros Pantiacolla y Del Sira en la cordillera de los Andes peruanos. Los estudios demuestran un
modelo de cambios ascendentes de especies de aves consistentes con los modelos predictivos para el
ecosistema tropical. Las aves son de sangre caliente, y entonces es probable que especies de sangre fría,
relativamente más sensibles a la temperatura, experimenten cambios aún mayores. La dislocación de
especies en este nivel no solo resultará en la interrupción grande de ecosistemas tropicales relativamente
estables, sino que también tendrá impactos costosos en el potencial del Perú para el ecoturismo y el
patrimonio natural único. La falta de investigación sobre el tema requiere más estudio para establecer una
comprensión de los matices de los cambios de elevación. Cuando se comprenda mejor el problema, se
pueden implementar esfuerzos de conservación en forma de proyectos de mitigación del cambio climático
y el establecimiento de una red de corredores ecológicos para facilitar las transiciones ascendentes para
reducir la pérdida de especies.
Palabras claves: extinción, cambio climático, montañas andinas.
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WHAT IS THE ESCALATOR TO EXTINCTION?
Every organism has an optimal habitat temperature
in which they thrive. The wellbeing of a species at
its optimal temperature is determined by a wide
range of ecological interactions; the species may
not be affected by temperature directly but by biotic
factors like predators or weather patterns. Coldblooded organisms such as plants, arthropods, and
reptiles are unable to regulate their own body
temperatures and require specific temperatures to
survive.
Climate change is disturbing the relatively stable
climates of tropical Latin America. As the climate
warms, species move upwards on mountains to
cooler climates to find their optimal temperature or
to follow the other range-shifting species on which
they depend. This phenomenon is known as
“tracking” climate. Once a species reaches the
ridgetop of a mountain, they cannot continue
tracking climate shifts uphill and are quickly
outcompeted by species tracking climate below
them. This is the escalator to extinction.
There are three categories of species whose
ranges will be affected by climate change. The first
category is species whose optimal climate will be
moved off the mountain and are likely to be
outcompeted by other species. These species are
at risk of extirpation, meaning elimination from a
locality, and even extinction if the climate continues
to warm enough. Freeman Et Al (2018) identifies
five bird species on Cerro de Pantiacolla that likely
fit this description: the Variable Antshrike (depicted
above), White-eared Solitaire, Hazel-fronted
Pygmy-tyrant, Buff-browed Foliage-gleaner, and
the Fulvous-breasted Flatbill.
The second category is species whose optimal
climate will be moved upslope but not off the
mountain. These species will experience decreases
in abundance and range, for as many mountains
are pyramid shaped there is less available total
habitat towards the top. The process of transition
itself could reduce abundance as species who fail
to adapt die. Examples of birds in this category

include the Versicolored Barbet (depicted in the
graphic above), the Streak-necked Flycatcher, the
Spotted Nightingale Thrush, and the Green Hermit.
The Russet-crowned warbler is a prime example as
well, seeing a 72% decrease in abundance from
1985 levels on Cerro de Pantiacolla (Freeman Et Al,
2018). These animals risk falling into category one
if warming continues, becoming the next species to
face eradication from the mountain.

Figure 1: Photo of the Russet-crowned Warbler, a once
common species of bird on the Cerro Pantiacolla that is
experiencing significant range loss due to climate change. (F.
Schmitt)

The third category is species that will benefit as their
optimal climate moves upslope. These birds will
have more range available to them and are able to
track climate change. Furthermore, as mountains
tend to have less habitat degradation than
lowlands, an availability of upslope habitat will allow
these species to flee destruction in the lowlands. An
example of a bird in this category is the Common
Scale-backed Antbird. Potentially destructive
invasive species are also included.
Two studies have identified the escalator to
extinction in the Peruvian Andes. These studies
compare bird surveys from decades ago to ones
conducted recently in order to analyze the change
in presence and abundance of various species.
High elevation species have been documented to
have decreased in both range and abundance and
some have even been presumed to be extirpated
from mountains altogether. The main limitation in
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this field is a lack of information due to lack of
historical data.

controlling range limit and both control for other
negative environmental impacts by studying areas

Figure 2: Graphic above illustrating the three categories of species experiencing range shifts on the Andean elevation gradient as a
result of climate disruption. These categories apply to any class of organism. (Freeman et al, 2018)

Two Key Studies
Although there is a critical lack of research, into
elevation shifts in the Andes, two major studies one of Cerro de Pantiacolla (Freeman Et Al, 2018)
and another of Cerros del Sira (Forero-Medina Et
Al, 2011) - provide support that upslope shifts are
occurring. Both studies rest on the model that
temperature change is the primary factor for

with little to no direct human impact other than
climate disruption. These studies found that on
average, birds moved upslope roughly to the extent
predicted by models.
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Neither study found significant correlations between
these attributes and changes in range.
Changes in Biodiversity

Figure 3: Photo of Cerro de Pantiacolla. The area is relatively
untouched by humans but steal feels the effects of climate
change. (G. Montgomery)

Ben Freeman (2019) compared the data from his
study of Cerro de Pantiacolla with the data from the
Cerros del Sira study and found that range shifts on
the former were typically unmatched on the latter.
The White-eared Solitaire (Entomodestes leucotis)
did demonstrate a marked shift in both studies,
though the four other species presumed extirpated
from Cerro de Pantiacolla species did not show
significant range shifts on Cerros del Sira. The
reason for these mixed results remains unknown to
the researchers.
Additional
Extinction

Features

of

the

Escalator

to

The Escalator to Extinction is observed more in the
tropics than in temperate ecosystems. Species in
the Northern Hemisphere can easily track climate
shifts by moving north to cooler climates. Tropical
species lack this privilege, as the climate is
relatively stable across the continent, and must
track climate change up elevations instead. Most
tropical birds are sedentary and thus have less
mobility to track climate. Furthermore, tropical birds
are less adapted to temperature changes than
species in temperate zones which experience
annual seasonal change or various weather
conditions during migration. This explains why
tropical species are demonstrating predicted range
shifts and temperate species are not.
In an attempt to explain observed range shifts, both
Freeman Et Al (2017) and Forero-Medina Et Al
(2017) examined the possible effects of diet, body
mass, and foraging strata on influencing shifts.

An expected effect of climate disruption is the
prevalence of biological invasion. These invasions
can be positive in that some biological invaders are
native species seeking to track their optimal
temperatures and benefiting from the new habitat.
Lowland Amazonian birds are an example of this.
However, invasions are frequently negative in that
they can result in the complete disruption of
previously stable communities. Invasive exotic
species, which can harm the native ecosystem, also
benefit from change in climate. Human
infrastructure, such as road networks, can facilitate
biotic invasions, whereas infrastructure such as
dams and reduced habitat connectivity has the
potential to impede it. However, any infrastructure
that impedes invasion also impedes species
seeking to track their optimal climate and can have
net negative effects. Research is required to
predict, monitor, and measure all positive and
negative effects in order to determine the
appropriate level of intervention.
Tropical montane species will suffer the greatest
biodiversity loss as a result of climate change. More
research is necessary to determine this
conclusively. Additionally, upslope shifts can
contribute to extinction as there is less habitat
towards the top of mountains. Habitat loss is the
greatest cause of biodiversity loss.
Sustainability Impacts – Environment
In addition to decreased biodiversity and increased
biotic invasions, range shifts due to climate change
have the potential to ruin one of the few ecosystems
relatively untouched by humans. As high montane
areas have relatively low capital potential to
humans, they are safe spaces for biodiversity. The
opportunity cost of protecting these areas is low.
Climate change tracking also spreads disease. This
has been observed in Scandinavia and Siberia with
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anthrax outbreaks among reindeer. Similarly,
chytrid fungus has spread to relatively isolated
montane areas as infected organisms move to the
region in search of suitable habitat. The spread of
chytrid in the Americas constitutes a biodiversity
crisis in its ability to exterminate entire species of
amphibians.

Sustainability Impacts – Economic
Mountains provide several ecosystem services to
humans often located outside the realm of
traditional economic valuation. One example is food
and water provisioning. Another example is carbon
storage, as carbon is sequestered in healthy plant
communities that exist undisturbed on atop
mountains. As the abiotic and biotic communities
and the climate are intricately interwoven,
disruption of stable patterns has the potential to
disrupt previously stable provisioning of ecosystem
services. For example, changes in precipitation can
shift water sources away from human communities
that previously relied on this water for irrigation or
consumption.
Another economic implication of significance to
Andean nation is the loss of potential revenue from
ecotourism. An airport survey showed that about
19% of tourists cite birds as a motivation for
traveling to Peru (Puhakka Et Al, 2011). While this
estimate should be taken with a grain of salt, this
would mean four-hundred thousand tourists
annually choose Peru as their travel destination in
part due to the thriving avian community. Further,
surveys of birdwatchers show that Peru’s strengths
as an ecotourism destination are largely due to the
total number of bird species and the number of birds
endemic Peru. A loss of these species would
decrease Peru’s ability to compete with other
nations for tourism revenue. The endemic species
are especially vulnerable to extinction due to their
small ranges. Careful monitoring and conservation
are necessary to protect these species and
maintain the integrity of Peru as a competitive
destination.

Sustainability Impacts – Social
The richness of birds is higher in Peru than any
other country in the world; this is a significant aspect
of Peru’s natural heritage. A loss of this heritage
would be detrimental to national image.
Ecotourism has significant spillover benefits for
cultural appreciation. This is demonstrated by
recognizing the relative ease of combining natural,
archaeological, and cultural experiences while
visiting Peru (Puhakka Et Al, 2011). Ecotourism as
an industry is also significantly less exploitative of
indigenous communities than alternate industries of
timber harvesting, mining, or drug production. The
economic benefit of this tourism will improve the
quality of life of Peruvians. Currently in Peru, there
is a disappointing lack of local participation in bird
watching, and thus an undervaluation of this unique
form of biodiversity. This is largely due to competing
concerns for low income Peruvians. Considering
Peru’s potential for quality birdwatching and the
economic development inherent in increased
ecotourism, more Peruvians will be able to take
advantage of this hobby.
Impact on other localities
Upslope shifts are not limited to the Peruvian Andes
and will affect other Andean nations as well. In
Colombia, bird species of the tropical Andes are
expected to lose 33-43% of their range under future
climate conditions (Velásquez-Tibatá Et Al, 2013).
Up to 18 species have been identified as at
significant risk of losing their suitable range
completely (Velásquez-Tibatá Et Al, 2013). This is
exacerbated by the fact that only 15% of the tropical
Andes, an important hotspot, is protected.
Need for Further Research
Further research must be conducted before
effective solutions can be developed. This research
would ideally focus on tropical or cold ecosystems,
as the majority of research on montane range shifts
has been conducted in temperate regions. Much of
this temperate data is extraneous, as shifts in
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temperate regions are minimal or nonexistent
compared to the observed shifts in tropical regions.
Additionally, shifts in plant ranges have been hardly
analyzed. As the range shifts of endothermic
(Warm-blooded) animals are likely influenced by
changes in other aspects of their environment more
sensitive to temperature changes, plant shifts must
be understood to identify the reasons behind the
shifts of other biotic elements.

extinctions. Populations may be lost, communities
may be damaged, generic diversity may be
reduced, but there is time enough for us to change
our ways. Because cold, high elevation ecosystems
are relatively isolated, there is a definite window of
time for action. If sufficient research is conducted,
climate change addressed, and eco-corridors
established within the next hundred years,
extinction can be minimized.

Many of the observed shifts are extremely complex
and
variable.
Some
species
are
even
demonstrating downslope or equatorial shifts,
possibly due to climate change anomalies. There
may also be analytical or statistical errors in the
Freeman Et Al and Forero-Medina Et Al studies.
Researcher Ben Freeman explains this, saying, we
report that a species has for example shifted up by
100 m, but this is an estimate. How confident are
we that the true shift isn't 50 m, or 200 m, or even 20 m? It's hard to know” (2019). Climate patterns
are difficult to identify conclusively, especially with
such limited data.
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Salida a terreno, Laguna de Aculeo, Región Metropolitana, Chile.
Octubre de 2019
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Salida a terreno, Ciudad de Valparaíso, Región de Valparaíso, Chile.
Octubre de 2019
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