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abstract Rising global temperatures are causing major physical, chemical, and
ecological changes in the planet. There is wide consensus among scientific
organizations and climatologists that these broad effects, known as “climate
change,” are the result of contemporary human activity. Climate change poses
threats to human health, safety, and security, and children are uniquely
vulnerable to these threats. The effects of climate change on child health
include: physical and psychological sequelae of weather disasters; increased
heat stress; decreased air quality; altered disease patterns of some climate-
sensitive infections; and food, water, and nutrient insecurity in vulnerable
regions. The social foundations of children’s mental and physical health are
threatened by the specter of far-reaching effects of unchecked climate change,
including community and global instability, mass migrations, and increased
conflict. Given this knowledge, failure to take prompt, substantive action would
be an act of injustice to all children. A paradigm shift in production and
consumption of energy is both a necessity and an opportunity for major
innovation, job creation, and significant, immediate associated health benefits.
Pediatricians have a uniquely valuable role to play in the societal response to
this global challenge.

INTRODUCTION

It is clear from observations across a range of indicators that many
fundamental measures of climate are changing. These broad changes,
known as “climate change,” threaten the biological systems on which the
life, health, and prosperity of all children depend. On the basis of well-
established evidence from the past 20 years, there is now wide consensus
among scientific organizations and approximately 97% of climatologists
that human-generated greenhouse gas emissions are the cause of climate
change.1–4 Although the effects of climate change are already being felt
across the world, the magnitude of the effects of future changes depends
on our ability to substantially reduce greenhouse gas emissions and
implement adaptation strategies within the ensuing decades.5 Thus, it
remains possible to protect children, families, and communities from the
worst potential effects of climate change.
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Warming of the planet is unequivocal.
According to the Intergovernmental
Panel on Climate Change,6 each of the
last 3 decades has been successively
warmer than any preceding decade
since 1850. The globally averaged
temperature (combined land and ocean
surface) increased approximately 1°C
between 1850 and 2012. This warming
is associated with a range of climactic
changes that have been observed by
scientists worldwide.

Over the last 20 years, there has been
a worldwide shrinkage of glaciers,
decreasing mass of the Greenland and
Antarctic ice sheets, and diminished
spring snow cover in the Northern
Hemisphere.6 Since recordkeeping
began in 1880, the global sea level
has risen approximately 8 inches
because of melting of glaciers and
thermal expansion of warmer water.
Heat waves have become more
frequent and or/prolonged in many
regions, and the number of extreme
cold waves in the United States is the
lowest since recordkeeping began.7

Warmer air can hold more moisture
than cooler air, which has contributed
to an increase in heavy precipitation
events in many regions. Conversely,
drier regions, including the
southwestern United States, have
experienced drought. This outcome is
consistent with projections that, with
climate change, wet regions will
become wetter and dry regions will
become drier.7 The intensity,
duration, and frequency of North
Atlantic hurricanes have increased,
although causality remains uncertain.
Wildfires have also increased in
frequency, duration, and severity in
North American forests.8

The heat-trapping nature of carbon
dioxide (CO2) and other greenhouse
gases has been recognized since the
1800s9 and is easily demonstrated with
simple experiments. Human activities
(primarily, fossil fuel emissions;
secondarily, land use changes such as
deforestation6) have caused a rapid
increase in the atmospheric
concentration of greenhouse gases.

Atmospheric CO2 has increased from
approximately 280 ppm before the
Industrial Revolution to 400 ppm in
April 2013, a level last reached about
3 million years ago.10 Our nation’s
leading scientific organizations conclude
that the observed temperature increase
of the past century can only be
explained by this change in greenhouse
gas concentrations and not by the
combined effects of natural drivers that
have altered the earth’s climate in the
past.1

Climate change is already occurring,
and past and present emissions make
some continued changes inevitable.
However, the most severe effects may
still be prevented if greenhouse gas
emissions are substantially reduced
by 2030.5 Mid–21st century projected
levels of global warming, sea ice
shrinkage, and sea level rise vary
greatly for different greenhouse gas
emission scenarios. Higher emission
levels will result in more warming
and, thus, more severe effects on the
natural world and human society.7

Although uncertainties remain
regarding risks and appropriate
policy response, failure to take
prompt, substantive action—given
our current knowledge—would be an
act of injustice to all children.11

Pediatric health care professionals
should increase their understanding
of the health threats associated with
climate change, thus enabling them to
recognize and anticipate climate-
associated effects and become
engaged in the development and
implementation of effective
mitigation and adaptation strategies
to address this global challenge. The
present policy statement is supported
by a technical report that offers an in-
depth review of the nature of climate
change and the observed and
projected effects on the environment
and children’s health.12

EFFECTS OF CLIMATE CHANGE ON
CHILDREN’S HEALTH

The changing climate is causing
physical, chemical, and ecological

changes that are fundamentally
altering the planet.13 These changes
pose significant threats to human
health,14 with children representing
a uniquely vulnerable group.15

According to the World Health
Organization, more than 88% of
the existing burden of disease
attributable to climate change occurs
in children younger than 5 years.16

The diverse health effects of climate
change have been categorized as
primary, secondary, and tertiary
(Table 1). Although the primary
effects are easiest to detect, many
significant consequences will occur
through climactic influences on
environmental systems and social
conditions. The most far-reaching
effects are a result of broad societal
impacts of unchecked climate change
and can be categorized as tertiary
effects.17,18

Primary Effects

Extreme weather events, including
severe storms, floods, and wildfires,
directly threaten children with injury
and death. The frequency of reported
natural disasters has increased over
the past 40 years.19 Three times as
many extreme weather events
occurred between 2000 and 2009 as
occurred between 1980 and 1989.
The scale of natural disasters has also
increased because of deforestation,
environmental degradation,
urbanization, and intensified climate
variables.20 The distinctive health,
behavioral, and psychosocial needs of
children subject them to unique risks
from these events.21 Extreme weather
events place children at risk for
injury,22 loss of or separation from
caregivers,21 exposure to infectious
diseases,23 and a uniquely high risk of
mental health consequences,
including posttraumatic stress
disorder, depression, and adjustment
disorder.24 Disasters can cause
irrevocable harm to children through
devastation of their homes, schools,
and neighborhoods, all of which
contribute to their physiologic and
cognitive development.25
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Children suffer directly from the
increased severity and duration of
heat waves. Studies performed in
multiple countries have shown an
increase in child morbidity and
mortality during extreme heat
events.26 Infants younger than
1 year27,28 and high school athletes29,30

seem to be at particularly increased
risk of heat-related illness and death.
There is a .90% chance that by the
end of the 21st century, average
summer temperatures will exceed the
highest temperatures ever recorded
in many regions across the world,31

putting children and their families at
increasing risk of heat injury.

Secondary Effects

Climate change is altering the
environmental systems on which we
rely and causing shifts in ecosystems
and diseases of humans, crops, and
natural systems. Air quality can be
reduced through temperature-
associated elevations in ground-level
ozone concentration,32 increased
pollen counts and allergy season
duration,33,34 and wildfire smoke35;
all of these factors exacerbate
respiratory disease and asthma in
children. Climate influences the
behavior, development, and
mortality of a wide range of living
organisms,36,37 some of which have
the potential to cause pediatric
infection. Determining the effects of
climate change on infectious diseases
is complex because of confounding
contributions of economic

development and land use, changing
ecosystems, international travel, and
commerce.38 Currently, climate
warming has been identified as
contributing to the northern
expansion of Lyme disease in North
America39 and has been projected to
increase the burden of child diarrheal
illness, particularly in Asia and sub-
Saharan Africa.40 Concern has also
been raised for climate links to
emerging infections, including
coccidioidomycosis41 and amoebic
meningoencephalitis.42 Further
investigation into climactic influence
on infectious diseases is needed.
Altered agricultural conditions,
including extreme heat, expanded
water demands, and increased severe
weather events, will affect food
availability and cost, particularly in
vulnerable regions in which child
undernutrition is already a major
threat.43 The decreased protein, iron,
and zinc content of certain major
crops has been demonstrated for
plants grown under increased CO2

conditions,44,45 carrying significant
implications for child nutrition.

Tertiary Effects

Children’s biological and cognitive
development occurs within the
context of stable families, schools,
neighborhoods, and communities.
Unchecked climate change threatens
the safety and well-being of children
via its effects on this broader social
context. The social foundations of
children’s mental and physical health

and well-being are threatened by
climate change because of: effects of
sea level rise and decreased biologic
diversity on the economic viability of
agriculture, tourism, and indigenous
communities; water scarcity and
famine; mass migrations; decreased
global stability46; and potentially
increased violent conflict.47 These
effects will likely be greatest for
communities already experiencing
socioeconomic disadvantage.48

MITIGATION AND ADAPTATION
STRATEGIES

Mitigation strategies strive to prevent
the most severe effects of climate
change through reductions in
greenhouse gas emissions. The
following steps are all necessary to
minimize planetary warming
attributable to carbon pollution:
reducing energy consumption and
waste; decreasing reliance on carbon-
intensive fuels such as coal, oil, and
gas; increasing utilization of
renewable energy sources such as
wind and solar; and incorporating
low carbon footprint building
designs, transportation, and food
supply systems. A paradigm shift in
our production and consumption of
energy is both a necessity and an
opportunity for major innovation, job
creation, and significant, immediate
associated health benefits.49

Adaptation strategies involve the
development of policies that increase
preparedness for climate-associated
changes which, because of past and
ongoing emissions, are inevitable.
Such policies cross a wide range of
sectors and include early-warning
systems for extreme weather events,
physical protection against such
events, hospital and health system
preparedness, improved surveillance
of climate-associated infectious
diseases, development of climate-
resistant crops, and enhanced
community resilience.50 They also
include the education of health care
providers and vulnerable patients
regarding climate-associated health

TABLE 1 Climate Change Risks to Child Health According to Causal Pathway

Risk Category Causal Pathway

Primary Mental and physical illness,
injury, and death attributable to heat
waves and extreme weather events

Secondary Health effects mediated by ecological changes,
including altered life cycle of infectious disease
vectors and host animals, increased concentration of
air pollutants and aeroallergens because of rising
temperature or wildfires, altered crop yields, and rainfall patterns

Tertiary Large-scale consequences of unchecked climate change.
Includes depletion of basic resources such as food and water,
ecological loss, population displacement, failing communities,
resulting tensions, and increased risk of conflict

Adapted from McMichael.18
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risks, such as management of chronic
diseases during periods of extreme
heat or poor air quality.

RECOMMENDATIONS TO PEDIATRICIANS
AND THE HEALTH SECTOR

Pediatricians have a long history of
advocating for social policies that
protect the health and welfare of
children. Informed by an
understanding of the threat that
climate change poses to current and
future children, pediatricians can play
a valuable role in the societal
response to this global challenge. The
following are recommendations to
help achieve this goal.

1. Work to promote medical educa-
tional opportunities regarding the
effects of climate change on the
environment and child health.
Programs during medical school
and residency, as well as continu-
ing medical education, can inform
pediatricians on current and an-
ticipated effects.

2. Seek ways to reduce the carbon
and environmental footprint of
health facilities, including hospi-
tals, medical offices, and transport
services. Consider ways to in-
crease energy efficiency, in-
corporate renewable energy
sources, reduce waste, and pro-
mote public and active modes of
transport (eg, walking, bicycling)
during new construction or
remodeling.

3. Use existing anticipatory guidance
as a framework for discussing cli-
mate change with families. For
example, encouraging active
modes of transport or promoting
consumption of plant-based pro-
teins helps reduce carbon emis-
sions and promotes health.
Encourage family choices that re-
duce fuel consumption, such as
utilization of public transportation
or fuel-efficient vehicles. Serve as
a personal role model for practices
that promote environmental
sustainability.

4. Educate children, families, and
communities on emergency and
disaster readiness, using related
policy on the Children and Di-
sasters Web page within the
American Academy of Pediatrics
Web site as a guide (see https://
www.aap.org/en-us/advocacy-
and-policy/aap-health-initiatives/
Children-and-Disasters/Pages/
default.aspx).

5. Advocate for local, national, and
international policies that reduce
greenhouse gas emissions and for
adaptation strategies that improve
preparedness for anticipated
climate-associated effects. Educate
elected officials on the risks cli-
mate change poses to child health;
speak at public hearings; and
provide expert testimony. Help
educate the public through letters
to the editor and community
engagement.

6. Help to build a broader coalition
across disciplines to address cli-
mate change at the local and na-
tional levels. Pediatricians are
uniquely positioned to advocate
for sustainable electricity-
generating systems, accessible
public and active transportation,
plant-based food availability, and
green spaces that ultimately affect
child and family health. Collabo-
rate with health departments and
research facilities to enhance sur-
veillance, analysis, and reporting
of climate-sensitive health effects
and to strengthen disaster
preparedness.

RECOMMENDATIONS TO GOVERNMENT

1. Promote energy efficiency and re-
newable energy production at the
federal, state, and local levels
while decreasing incentives for
continued production and con-
sumption of carbon-intensive fuels
such as coal, oil, and gas.51

2. Fund research, surveillance,
reporting, and tracking of climate-
associated health effects. Invest in

prudent and vital preparations for
public health care systems, antici-
pating climate change effects.

3. Support education and public
awareness of the threats from cli-
mate change for public and child-
ren’s health now and in the future.

4. Develop essential adaptation
strategies and assist state and lo-
cal governments, public health
agencies, and health professionals
in implementation of these strate-
gies. The specific needs of children
should be addressed in disaster
preparedness and response.21

5. Include the health sector in na-
tional and international policy-
making meetings that address the
threats of climate change.50

6. Fund public transportation sys-
tems and support urban planning
designs that incorporate walk-
ability, open space, green building
design, reduced dependence on
automobile transit, and climate
change resilience.
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