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Abstract

This paper reviews the published evidence of pagsveand impacts of
global climate change on child health. The revieaswccasioned by
the recognition that most of the work to date dmate change and
health lacks clear focus on the children's dimensidhile the climate
change and children literature tends to be briefngorecise on the
complex health aspects.

Studies were identified by searching the PubMedlsie for articles
published before April 2009. Publications by ageadie.g., UNICEF,
WHO, IPPC) were also included based upon reviewlish of
references was developed that provide evidenceh#o linkages
between climate change and health outcomes, argpecific health
outcomes for children. The analysis explores theolhesis of
disproportionate vulnerability of children’s healtb environmental
factors, specifically those most closely relatedlbmate change.

Based upon scientific and policy research condutbedate there is
found to be substantial evidence of disproportienailnerability of

children in response to climate change. The disedigely to be

potentiated by climate change are already the pyirnauses of child
morbidity and mortality, including vector-borne ééses, water-borne
diseases and air-borne diseases. For this reagstimerfuresearch,
assessment and monitoring of child health in resjoeclimate change
is critical. Proposals are made for governments integrate

environmental health indicators into data collection order to

accurately assess the state of child health irtioelao other age
groups and its sensitivity to climate change.

*This paper was initiated as a background reviemtlie UNICEF IRC
Policy Review Paper on Climate Change and ChildfeNICEF
2008). Yoko Akachi was a Max Weber Fellow of therdpean
University Institute and a research fellow at UNFCIRC at that time.
She is currently a research fellow at the Programtle Global
Demography of Aging, Harvard Center for Populatiaand
Development Studies. Donna Goodman was formerlygrarome
Adviser on environment and climate change, UNICERd is
currently Executive Director of the Earthchild libiste. David Parker
is Deputy Director, UNICEF IRC.
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1. Introduction

There is wide scientific consensus that the global
climate is changing in ways that have major
implications for human life. More research is nekde
however, to make accurate predictions of the oleral
effects on humans and on the earth. It is critical
identify the populations most at risk of adversteas
from climate change. Available evidence indicatest t
children are a particular population whose vulniitgb
must be reduced with priority. WHO estimates, for
example, that a third of the global burden of disefor
children is due to modifiable factors in air, watsoil
and food (McMichael et al 2008, Priss-Ustin and
Corvalan 2006 and 2007). Analysis of geophysical
systems identifies several ‘tipping points’ in tkarth’s
environment where the effects of climate changelavou
play decisive roles — such as changes in the Grébs
circulation, the Asian Monsoon, the Sahara Desetit a
the Antarctic ice-sheets (McMichael and Butler 2004
In contrast, less progress has been made to igehsf
most vulnerable human communities and the main
health risks they face as a result of changes @ th
environment. Further systematic evidence on health
vulnerability and specific impacts according to iabc
grouping and life course stage must be collectdus T
paper attempts to make a contribution to this &ffor

Four of the eight Millennium Development Goals are
closely linked to health: eradicating extreme poyer
and hunger, reducing child mortality, improving
maternal health, and combating HIV/AIDS, malaria an
other diseases. Only one of the goals is regarodzt
directly relevant to global climate change, namely,
ensuring environmental sustainability. It is widely
understood, however, that without environmental
sustainability, including appropriate measures to
mitigate the impacts of climate change and adapt
strategies and behaviours appropriately, significan
challenges will remain in achieving health
improvements (IPCC, UNDP 2007-2008).

The Convention on the Rights of the Child (CRC),
signed in 1989 and ratified by 192 countries, priste
and preserves the basic human rights held by emildr
everywhere, including: the right to survival; toveép

to the fullest; to be protected from harmful infhees,
abuse and exploitation; and to participate fully in
family, cultural and social life.* Children’s
environmental health is associated with all of ¢hes
rights from the health perspective. Children’s tigh
health is amplified well within the broader humaght

to health, on which a substantial literature and
discussion has emerged in recent years (WHO 2005b;
OHCHR and WHO 2008.) Environment surrounds the
child, and children’s health is sensitive to the
environment (Neira et al. 2008). Climate change itésd
effects on child health threaten realization ofldrigin’s
basic rights.

Yet children must not be viewed purely as passive
victims of environmental degradation and the insireg
threat of climate change. Educational practices and
methodologies  which ~ build  knowledge and
understanding  while  encouraging  empowered
participation of children and young people can
significantly decrease severity of impacts, mogahly

in cases related to environmental health threaar@e
and Takaki 2006).

Needs for increased knowledge as a guide to action

The effects of climate change are predicted to be
heavily concentrated in poorer populations at low
latitudes, where the most major climate-sensitiealtin
outcomes (malnutrition, diarrhoea and malaria) are
already common (WHO 2008a), and where the
vulnerability to climate effect is the greatest (WH
2002). These diseases mainly affect younger age
groups; hence the total burden of disease dudrtatd
change appears to be borne mainly by children in
developing countries (Haines et al 2006). The beoad
themed research on climate change and human health
has a tendency to focus on cases from the developed
countries and on the adult population, such as the
European heat waves of 2003, in discussing thedtpa
of climate change on health owing partially to the
availability of data (Haines et al. 2006). We argbat
existing evidence collectively point to the vulrigiliy

of children, especially those residing in develgpin
countries that are geographically predicted to hmstm
affected by climate change and have fewer resoucces
cope and to adapt.

Review of recent research on children and climate
change shows that attention to monitoring and aigly
through the use of indicators has been relatively
limited.? Focusing on the impact of climate change on
child health reinforced this finding; many publiceis

call for the investigation of specific health risked
health outcomes of children in response to climate
change over longer periods of time with reliableada



The particular vulnerability of children calls for
concerted action; within this the development of
relevant indicators is an essential step. Indicamay

an important role in assessing the state of cleklth in
relation to changing environmental factors at
community, national and international levels. Caotie
many countries lack ways and means to collect
verifiable data, which makes it difficult to assdbe
current state and future trends in environmentahges
and their effects on child health. For example hauit
accurate statistics on health outcomes such aghdud
respiratory diseases in relation to outdoor aifyioin
caused by burning of inefficient and unclean bielsu
diarrhoeal diseases caused by lack of access ter wat
and inadequate sanitation, and physical injuries
associated with natural disasters, we cannot gnasp
changes in the environment affect children in eithe
short or the long term. This greatly limits thelipito
specify optimal policies and interventions to imgo
the health and well-being of children. Much of the
relevant data from developing countries in partcul
currently leaves room for quality improvement; data
key issues related to climate change are frequently
missing, so values are often interpolated or erfepd
over time. Development of environmental health
indicators that are disaggregated by age group,
including children, together with effective means o
data collection, is essential to ensuring the awbdity

of needed evidence.

This paper first attempts to summarize what is kmow
about global climate change and its link to chikhlth
through a review of the literature. Studies were
identified by searching the PubMed database fazlest
published before April 2009. Most articles referethc
are from peer-reviewed journals, the full-text ases
on-line through the Harvard Countway Medical Lilyrar
Publications by agencies (UNICEF, WHO UNEP,
IPPC, etc) were also included, upon review. On this
basis a list was developed of references providing
evidence on the linkages between climate change and
health outcomes, and specifically on outcomes for
children. The paper identifies evidence at varyewgls

of impact and in relation to different health outess. It
documents the disproportionate vulnerability cléhds
health to environmental factors, specifically thosest
closely related to climate change. It then dessribe
initiatives to develop environmental health indarat
for children, and outlines actions including measuio
integrate indicators of children’s environmentahhie
into existing data collection systems.

2. Global Climate Change and Impacts on Child
Health

Exposure to the effects of climate change during
childhood can cause immediate harm or cause damage
that becomes evident much later in life, resulting
lasting imprints over lifetime and over generations
(Neira et al. 2008, Berkman et al. 2002)

The direct impacts (WHO 2008a) of natural disasters
associated with climate change include extreme hveeat
events such as floods, storms, droughts and heatsva
(Figure 1). They can lead to adverse health outspme
ranging from physical injuries such as drowning and
accidents to heat stress, respiratory diseasesaunua.
Access and quality of drinking water is threatesd
environmental changes. Climate change affects crop
yields, which is associated with food productiordan
risk of malnutrition. Malnutrition interacts withnd
aggravates diseases, hindering child development.
Children are also susceptible to food and watendor
diseases that are sensitive to temporal changésasic
diarrhoea. Air pollutants can lead to respiratosedses
which children are especially vulnerable to, such a
asthma. Climate change can also affect the geograph
distribution of vector-borne diseases (Andersorelet
2006) such as malaria, dengue and schistosomiasis.
Within each of these health outcomes, children have
increased vulnerability compared with the rest lué t
population, and they are one of the groups mostylik

to experience adverse health caused by environinenta
change (Neira et al. 2008). Due to children’s rapid
growth and physiological and cognitive development,
they are exposed and more vulnerable to biological,
chemical and physical environmental hazards conapare
to adults (Shea 2003). Specific health outcomes of
climate change impacts and how it is related tddchi
health is explored in subsequent sections.

Climate change is a long-term phenomenon with
potentially unpredictable, significant and lasteffects

on the environment and on humans (IPCC, UNDP
2007-2008, WHO 2008a). The long-term socio-
economic implications of climate change are foragee
be negative in many respects. As is the case for al
forms of natural disaster, the poor are among thetm
vulnerable, and their poverty is likely to be exdeted

by the need to respond to the disaster. Poveitytisn
both directly and indirectly associated with ill &,
denying children their basic rights to health byiting
access to safe water, sanitation, nutrition andttheare
(WHO 2008 b). A major driver in this result of cle
change is environmentally induced migration, whih
projected to generate substantial additional impact
children and on their health, as illustrated inureyl.

In the overall context of climate change and hethlére
are particular reasons why we need to understa@d th
impacts on child health and to invest in actions to
address them. A growing body of findings pointghe
critical imprints that childhood health and nuiti
leave on adult morbidity and mortality (e.g. Barker
1997, Crimmins and Finch 2006, Victora et al. 2008)
Children are not only susceptible to current
environmental risks, but these early effects of the
climate change on their health could leave lasting
impacts on their potential human capital as theyano



Figure 1: Pathways of impact of climate change orhild health
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into their adult life, and eventually on the suhsef
generations. Investment in child health thus means
investing for the future generations and for theurfel
environment.

The sections that follow examine the implicatiorfs o
climate change in relation to specific health ouies.

A framework is offered to facilitate the understang

of these pathways and impacts, presented as Figtre
The discussion in this paper attempts to followrtren
lines of the pathways indicated, although due t® th
complexity of climate change impacts this cannot be
done fully.

2.1 Health effects related to natural disasters

Global climate change scenarios consistently fateca
increases in the intensity and frequency of extreme
climatic events, as have been witnessed the reeams
(Easterling et al. 2000, Thibault and Brown 2008).
Globally, 66.5 million children annually were affed

by disasters between 1990 and 2000 (Penrose and
Takaki 2006). Children are at risk of injury andatte
from storms and floods. Warmer air, such as that
resulting from the greenhouse effect, can hold more
moisture and more quickly evaporate surface water,
thereby increasing the frequency of severe storms,
floods and droughts (Patz et al. 2000). A signiftba
high mortality was observed in children and women
among the displaced population in the eastern abast
district of Sri Lanka as a result of tsunami (Nisbii et

al. 2006).

The risk factors for infectious disease outbreaftera
disasters are associated primarily with population
displacement. Interactions with the availability safe
water and sanitation facilities, the degree of ating,

the underlying health status of the population, drel
availability of health care services within the tx of

the local disease ecology influence the risk for
infectious diseases in the affected population 8Matet

al. 2007). Children suffer from lack of access &sib
health practices such as immunization and breast
feeding practices at the time of natural disaqfelchan

et al 2006, Adhisivam et al 2006).

Flood. The number of people at risk from flooding by
coastal storms is projected to increase by twditeet
folds (IPCC 2001). Immediate health impacts of dloo
include drowning, injuries, and physical and mental
trauma. Severe flooding in the Sarlahi districtNefpal
shows that the flood-related fatality rates forlait@n
were 6 times higher than mortality rates in the sam
villages a year before the flood. Flood-relatedlfat
rates in the recorded population were 13.3 perQLf60
girls and 9.4 per 1,000 for boys, 6.1 per 1,000 for
women and 4.1 per 1,000 for men. Children,
particularly girls, were at highest risk of floodlated
fatality; in this population, children aged betwezand

9 years were twice as likely to die as their samwe s

parent (Pradhan et al. 2007). The study does npbex

the rationale for these statistics; the risk ddfeze may

be related to the children's physical size andngtfe
compared to adults, as well as acquirement of gakvi
skills. Longer-term effects of flood include incses in
communicable diseases such as those caused by
ingestion of contaminated water (e.g., cholera and
hepatitis A) or contact with contaminated wateig(e.
leptospirosis) (Patz and Khalig 2002).

Drought. Droughts have their largest impact on
population health by threatening food supplies and
nutrition. In addition, diarrhoeal diseases, scgbie
conjunctivitis and trachoma are associated withrpoo
hygiene and may result from inadequate sanitat®n a
water resources become depleted (Patz and Khaldg 20
Pruss et al. 2008). Among children, pneumonia,tarad
lesser extent, diarrhoeal diseases showed highest
incidence rates during the main dry season in sonth
Ethiopia (Lindtjorn et al. 1992). The highest irante

of pneumonia coincided with an outbreak of measles,
whose interaction is life-threatening. During drbtsy
water availability is diminished forcing peopledaocess
poorer quality water supply sources, and waterigual
is often degraded. An example is when people share
water with livestock. A long drought followed by an
intense rainfall generates multiple disease oulisrea
This includes rodent-borne disease outbreaks antod
population booms in the wake of replenished water
supplies (IPCC Working Group Il report, Tibbetts
2007).

Extreme heat and extreme cold Mortality rates
increase at both high and low extremes of tempegatu
(Curriero et al. 2002). A study from the United t8&a
showed that place of death, race and educational
attainment indicate vulnerability to temperaturkaied
mortality, reflecting inequities in health impactdated

to climate change (O’Neill et al. 2003). The impaétt
heat waves and cold spells on mortality in Nethetta
during 1979-1997 support earlier findings that
temperature has a relatively small influence on
mortality among those less than 65 years of age
(Huynen et al. 2001), and it appears that it iselderly
population that are most affected by weather exteem
The infants and young children may represent arskco
high-risk group (Wyndham and Fellingham 1978), and
this was the case from the heat waves in Brazil
(Gouveia 2003). Lam (2007) shows a link between hot
days and child hospital admissions in Sydney. Young
children under age six appeared to become ovemnheate
on the hot days and developed fever, and the aathor
found that children’s hospitalisation for gastraiiis
increased on extremely hot days. Effects on childre
have not been studied sufficiently, especially fre t
developing nations. Children in general spend more
time outside, which puts them at increased riskezit
stroke and heat exhaustion. There is little evideoc

the effects of extreme heat and cold in developing
countries, however the availability of suitable



infrastructure to provide protection suggests thpdct
would be considerably higher than that experienoced
developed countries as described here.

Mental health. Children are also subject to adverse
psychological suffering from natural disasters attter
outcomes of climate change. Even though mentattheal
is difficult to measure as an impact of climate rofa
alone, there is some evidence that natural disaster
associated with climate change has impact on child
mental health and should not be neglected as péneo
environmental effect on child health. A majority of
children had post-traumatic symptoms, which was
clinically evaluated after a super-cyclone in Cajss
India. Post-traumatic stress disorder (PTSD) was
present in 30 per cent of the children (Kar e807).

A tsunami in Thailand left nearly 60 per cent o€ th
children with PSTD at six weeks after the incident
(Piyasil et al. 2007). The mental health impacts on
children of the 2003 Canberra bushfires have been
linked to the prolonged period of drying in thigjien ,

this being an example of impacts on children even i
the developed world (McDermott 2005). Younger
children and individuals with greater exposure hal a
perception of threat experienced higher levels 6D
and general psychopathology.

2.2 Health effects related to water

Natural disasters such as floods and droughts taffec
human interactions with water resources and thezefo
exposureto the pathogen, and in addition, sanitary
conditions and susceptibility disease (Boxall et al.
2009). The pathways and potential extent of impatts
climate change due to changes in the availabilitg a
quality of water for children may be inferred from
range of existing evidence.

Water access and quality Access to clean, safe water
is still unavailable to more than 1 billion people
worldwide. Climate change further threatens to ssye
impact the water quality and quantity particulaity
arid regions, small island states, and in regiah
natural disasters where conditions of living are
compounded by weakened infrastructure (Anderson et
al. 2006). Limited access and poor quality of water
affect child health through both chronic (e.g. aise
and acute (i.e. biological) exposures.

A large-scale (n=25500 children) prospective cohort
study in Sudan showed that those with access to
adequate household water and sanitation were
independently associated with physical growth in
children, controlled for the following variablesge
religion, gender, mother's literacy, family wealth,
breastfeeding, cleanliness, intervention groupafwin

A vs. placebo). Among children stunted at baseline,
those coming from homes with water and sanitatimeh h

a 17 per cent greater chance of reversing stutitiag

those coming from homes without either facility
(Merchant et al. 2003).

Contaminated water hinders children’s ability tarlte

in addition to its impacts on physical growth. Poo
water and sanitation has been associated withdeere
risk of infections in children (Daniels et al. 19%uttly

et al. 1990; Mertens et al. 1990) and increased
malnutrition (Adair and Guilkey 1997); improved wat
and sanitation was related to lower risk of malitiotr
(Huttly et al. 1990; Daniels et al. 1991; Ricci and
Becker 1996). Stunting in children is associatethwi
increased risk of morbidity (el Samani et al. 1988;
Kossmann et al. 2000), mortality (Bhutta et al. 2;99
Fawzi et al. 1997; Yoon et al. 1997) and cognitive
impairment (Berkman et al. 2002).

A recent review by experts assessed the implicatadn
climate change on human exposures to pathogens and
chemicals in agricultural systems and the subsequen
effects on health. Even though the context wasdedu
on the U.K., much of the finding is applicable tier
countries and regions. The overall conclusion vied t
climate change will result in an increase in rigks
pathogens and chemicals from agriculture to human
health (Boxall et al. 2009). The development and
growth in foetus, infant, child and adolescent lif&n
define periods of great vulnerability to environrten
toxicants due to the rapid tissues and organs growt
development and differentiation until maturity.
Exposure to a wide range of chemicals and
environmental toxicants during this period has the
potential to significantly affect the development,
maturation, growth and function of organ systemd we
into adulthood (Gavidia et al. 2009)

Water- and food-borne diseasesiarrhoeal disease is

a major cause of child deaths, with data suggestiay

it accounts for over 15 per cent of cause-specific
proportional mortality in children younger than div
years worldwide? Climate change is predicted to
increase the incidence and severity of diarrhoeal
disease. For example, during the period beforeEhe
Nifilo episode in Peru, admissions for childhood
diarrhoea increased by 8 per cent per 1°C incraase
mean temperature. Diarrhoeal diseases may inctaase
millions of cases worldwide with each degree of
increase in ambient temperature above normal
(Checkley et al. 2000).

Lack of safe water is a major factor in diarrhoeal
disease. Water shortage is a serious problem iry mfan
the small island states. A study on the relatigmshi
between climate variability and diarrhoea in theiffia
region found that higher temperature and extreme
rainfall, phenomenon associated with climate change
are likely to exacerbate diarrhoeal diseases isethe
island countries. They found that infants and chbitd
were particularly vulnerable to diarrhoeal diseaes®l
suggest that global climate change is likely to



exacerbate diarrhoeal illness in many Pacific dlan
countries (Singh et al. 2001).

Rotavirus remains the leading cause of childhood
diarrhoea. About 40 per cent of the hospitalizagior
childhood diarrhoea worldwide are attributable to
rotavirus and more than 0.6 million children undge
five die every year from rotavirus infection, mainh
developing countries (Parashar 2003). Factors
associated with high temperature, low humidity and
high river-level increased the incidence of rotasir
diarrhoea in Dhaka, Bangladesh (Hashizume et al.
2007).

Regional correlation maps have shown a significant
association of temperature with the recent chotiata

for Dhaka, Bangladesh (Pascual et al 2000). Theze a
other quantitative evidences for an increased dfle
climate variability over the last decades on theperal
patterns of cholera in Bangladesh (Rodo et al. R002
The study conducted time-series analysis of monthly
18-year cholera time series from Bangladesh and
controlled for other factors to the extent possivieh
their data. It shows that climate phenomena (EI
Nifio/Southern Oscillation or ENSO) account for over
70 per cent of disease variance. The ENSO system is
the primary driver of inter-annual variability idogpal
climate, but its long-term behaviour is poorly
understood. A shift has been observed in the 1970s,
unique in this past century, towards an intensitigcle
under doubled COscenarios and warmer and wetter
conditions in the tropical Pacific, with widespread
climatic and ecological consequences (Rodo et al.
2002).

The association between climate variability andletzo
incidence is expected to have particular impacts on
children as a highly vulnerable age group. A recent
review of population-based estimates of cholera
incidence in Indonesia, India and Mozambique
confirmed that young children bear the greatestidur

of cholera, and this was the case in all regioree(Det

al. 2008). The study also found that the cholenalé

is particularly high in Africa, consistent with fimgs of
other studies, which call for particular attentimnthis
region (WHO 2007a, Griffith et al. 2006).

2.3 Health effects related to air pollution

Climate change is linked to air pollution both kg i
cause (greenhouse gas emissions) and by its effect
(climate variability such as heat waves in urbagaar
leads to higher concentration of air pollutants).

The world faces increasing levels of air pollutias a
result of economic and industrial growth. The air
pollution is manifesting increasingly in the urban
centres of developing countries. Ambient air palfus
such as nitrogen dioxide (NY) ozone, particulate
matter (PM), and components of PM including organic

carbon and volatile organic compounds (VOCs) have
been linked with increased allergic disease ankinzest
(McConnell et al. 2002, McConnell et al. 1999).The
recorded cases of asthma have been increasingall o
the world, including developed countries like theitgd
States, especially among children (Anderson et al.
2006). An extensive review of studies demonstriase t
exposure to increased levels of ambient air pailsta
and pollens exacerbate asthma and respiratorygiiler
responses, and some may be factors in developing
disease (Shea et al. 2008).

Climate change-related increased burden of disease,
specifically from allergy and asthma, is anticighte
because of changes in the distribution, quantitd an
quality of pollens, and changes in the timing and
duration (lengthening) of pollen season. Asthma and
allergic disease will also likely be worsened beseaaf
interaction between heavier pollen loads and irezda
air pollution; thunderstorms and extreme precijotat
events; worsening heat-related ground-level ozone
pollution; increased ambient air pollution from una

and anthropogenic sources; and air pollution rdlate
wildfires (Shea et al. 2008).

It is important to focus on children with respeatair
pollution because their lungs are not completely
developed, they can have greater exposure thamsadul
and those exposures can deliver higher doses of
different composition that may remain in the lurigs
greater duration (Bateson and Schwartz 2008).
Additionally, the undeveloped lung is more vulndeab
and less able to fully repair itself from injuryhi@ren
spend more time outside, where concentrations rof ai
pollution are generally higher. Children have highe
baseline ventilation rates and are more physicaitive
than adults, thus exposing their lungs to more air
pollution. Higher ventilation rates and mouth-bleag
may pull air pollutants deeper into children's lsng
Children also have immature immune systems, which
plays a significant role in asthma. The observed
consequences of early life exposure to adversdslefe
air pollutants include diminished lung function and
increased susceptibility to acute respiratory 8sand
asthma (Bateson and Schwartz 2008).

Outdoor air pollution. Linked with climate change is
the compounding effect of increased temperature and
increased levels of contamination in urban areadiihg

to increased risk by outdoor air pollution. Althdugir
pollution has long been thought to exacerbate minor
acute illnesses, recent studies have suggestedaithat
pollution is associated with infant mortality andet
development of asthma and atopy. A 5-year follow-up
study of young children in Australia showed thagréh
was an association between air pollution and ragpiy
systems (Rodriguez et al. 2007). There are limited
studies from developing countries on the effectsiof
pollution on children, which could offer more sfexi
indications of climate change impacts. Howeveryeghe



is growing evidence that industrial development in
urban areas and increased traffic raise the leVel o
exposure to air pollutants in developing countriesa
coal-burning city in northern China, the associatio
between school children’s asthmatic symptoms and
indoor and outdoor air pollution in schools were
observed (Zhao et al. 2008). Nearly 30 per certhef
total pupils had daytime attacks of breathlessr@tser
studies have associated particulate air pollutiath w
acute bronchitis in children and demonstrated thtes

of bronchitis and chronic cough declined in areasne
particle concentrations have fallen. Overall, enicke
for effects of air pollution on children have been
growing, and effects are seen at concentratiortsatfea
common today (Schwartz 2004).

Greater concentrations of carbon dioxide and higher
temperatures may increase pollen quantity and mduc
longer pollen seasons. Some investigators haveedrgu
that part of the current global increase in chiloitho
asthma can be explained by increased exposure to
aeroallergens driven by climate change (Beggs et al
2005).

Indoor air pollution . Indoor air pollution — generated
largely by inefficient and poorly ventilated stoves
burning biomass fuels such as wood, crop waste and
dung, or coal — is responsible for the deaths of an
estimated 1.6 million people annually. More thatf ha
of these deaths occur among children under age Ifive
developing countries with high mortality rates alkr
indoor air pollution ranks fourth in terms of thiskr
factors that contribute to disease and death (WHO
2002).

Solid fuel dependency exacerbates deforestation, a
process that contributes to the build-up of greesko
gasses, particularly carbon dioxide, in the earth's
atmosphere, and thus to global climate change (UNEP
2005). The activities that lead to indoor-air ptila are
contributors to climate change as well as negative
effects on child health. Even though indoor aidytan

is not the expected effect of climate change peitse
important to be considered in the context of clinat
change and child health as part of mitigation polBy
reducing indoor air pollution, better outcome ore th
environment as well as on child health could be
expected. About half of the world's households use
unprocessed solid fuels for cooking, and the eséma
range up to 80 per cent for China, India and Sub-
Saharan Africa (Rehfuess et al. 2006 Holdren et al.
2000). Much of the health impacts from air pollatio
worldwide seem to occur among the poorest and most
vulnerable populations, largely women and young
children who are most exposed to the indoor palfuti
sources in developing countries (Smith 2002). Chitd
and adult women jointly receive the highest expesur
due to their household roles.

A study on biomass fuels used in Indian households
shows association with acute respiratory infections
(ARI), lung cancer, tuberculosis, asthma and bles$n
(Smith 2000). Their resulting conservative estiraate
indicate that some 400,000-550,000 premature deaths
can be attributed annually to the use of biomasksfin
these population groups. Using a disability-adjdiste
life-year approach, the total is 4-6 per cent &f ftidian
national burden of disease, placing indoor airygh

as a major risk factor in the country (Smith 2000).
Another study investigated the association between
household use of biomass fuels for cooking and lRI
preschool age children (under age five) in Zimbabwe
After adjusting for child's age, sex, birth order,
nutritional status, mother's age at childbirth, edion,
religion, household living standard and region of
residence, children in households using wood, dong,
straw for cooking were more than twice as likely to
have suffered from ARI as children from households
using LPG/natural gas or electricity (Mishra 200B)e
relationship needs to be further investigated usioge
direct measures of smoke exposure and clinical
measures of ARI; however, there appears to be gtron
association between household use of biomass dnels
ARl in children.

Overall, while there is little direct evidence dfet
impacts of climate change on child health due to ai
pollution, the studies discussed above suggestthimat
is an issue meriting specific attention.

2.4 Vector- and rodent-borne diseases

Vector-borne infections are affected by climatendea
(Epstein 2000). Climate and its variability altdret
range of the vectors, and extreme weather evewts su
as heavy rainfall precipitate large outbreaks.dasmg
number of research are conducted on infectiousisese
and climate change, including empirical analysis,
computer simulation models and global change
scenarios (Sutherst 2004), implicating the geogcaph
expansion and increased intensity of these diseases
There is already evidence of vector species respgnd
to recent climate change in Europe (Purse et @520
Skarphedinsson et al. 2005) although alternative
explanations, such as changes in socioeconomic,
demographic and other environmental factors remain
plausible.

Malaria is a climate-sensitive vector-borne illndss
which children are particularly vulnerable. Accarglito

the WHO, malaria currently causes 350 million t® 50
million illnesses annually and more than 1 million
deaths (WHO 2005a). Because they lack specific
immunity, children experience high levels of both
morbidity and mortality from malaria; 75 per cerft o
malaria deaths occur in children younger than Ss/ea
(WHO 2005a). There are various studies that moadel a
estimate the impact of climate change on future
transmissions of malaria (Rogers 2000, Lieshout4200



Sutherst 2004). These forecasting researches heare b
supplemented by studies using community data. There
was a high spatial variation in the sensitivitynodlaria
patients to climate fluctuations in the highlandsd
climate variability played an important role intiating
malaria epidemics in the East African highlandsaizh

et al. 2004). For the clinical malaria among chaldr
under five in Kenya, the temperature was founddo b
the best predictor (Ye et al. 2007). Studies of the
association of malaria and past climate in Afriemain
controversial due to the varying quality of longrte
data and the difficulty in controlling for demograp

and drug resistance variables (Patz et al. 2008). F
example, some areas may be becoming too dry for
mosquitoes to breed.

Predictions of impact of climate change on malaria
contradictory. Evidence so far suggests, howevex t
negative effects could outweigh the overall besefit

one of the most recent studies, using historicahate
data and annual malaria case number data from tt960
2006, statistical models were developed to isola&e
effects of climate in each of Colombia's five casting
geographical regions. A one degree Celsius change i
sea surface temperature, indicating a weak to rnateler
ENSO (see previous section on "Water- and food#orn
diseases"), is seen to translate to an approxi2@de
increase in malaria cases, holding other variables
constant. The authors conclude that ENSO may be a
significant predictor of the malaria cases in Cdbien
(Mantilla et al. 2009). Such studies and emerging
scientific evidence give rise to concern regarding
impacts on children and pregnant mothers, who are
most vulnerable to malaria.

Assessment of changes in the geographical limits of
dengue fever transmission in respect to climategbs
and population shows that a larger proportion @& th
human population would be affected, estimating that
about 5-6 billion people (50-60 per cent of the
projected global population) would be at risk ohgee
transmission by later this century (Hales et al020
Although there is controversy, the recent expansibn
dengue in the Americas is partially attributed to
incremental changes in climate by environmental
scientists (Barclay 2008). Dengue affects all adpes,
the burden of disease and the majority of deathsezh

by dengue are highest among children. In sever@nAs
countries, it is a leading cause of paediatric
hospitalization and death.

Schistosomiasis is a parasitic disease where edect
shails release parasite into water, leading toctidas

in human. Children are especially vulnerable to
infection, which develops into chronic disease dft n
treated® Climate change could affect schistosomiasis
because changes in rainfall will have an impacti@n

of rivers and levels of lakes in addition to the
temperature, factors which impact the snail popartat

A model assessing the potential impact of rising

temperature on the transmission of schistosomiasis
China forecasts an expansion of schistosomiasis
transmission into currently non-endemic areas i@ th
north (Zhou et al 2008).

Other vector-borne diseases that are affected imyatz
change and variability include (vector in parend®s
West Nile virus (mosquitoes), Lyme disease (ticks),
Yellow fever (mosquitoes) and Leishmaniasis (sand
flies).

2.5 Nutrition-related impacts

The total population of the over 80 poor food-ingec
countries currently amounts to some 4.2 billion,reno
than 70 per cent of current world population (FAO
2001); about 20 per cent of this population is aered
undernourished. An assessment of the impacts of
climate change on agro-ecosystems projects thétéoy
end of the century the total population of foodeicisre
countries may increase to 6.8 billion, or aboutpg®
cent of the world population (Fischer et al. 200B)e
study suggests that socio-economic development over
this century will greatly alter production, trade,
distribution and consumption of food products
worldwide, as a consequence of population growth,
economic growth and diet changes in developing
countries. Climate change is foreseen additionsdly
modify agricultural activities, probably increasiggps
between developing and developed countries (Fisether
al 2005).

Undernutrition, which includes stunting, poor fdeta
growth and micro-nutrient deficiencies, is the unde
lying cause of at least 3.5 million deaths, andp@s
cent of the disease burden in children younger than
years of age (Black et al. 2008). Malnutrition imajor
risk factor for disease (Lopez 2006), and the ¢ffed
many diseases are mediated by nutrition.

The correlations between nutrition and diseasediare
directional: not only does disease negatively inhmarc
nutritional status, but undernutrition predisposes
different diseases including through lowering of
resistance (Scrimshaw 2003, Walter 1997, Victora
1990). The effects of climate change on water
availability and quality have implications for nitional
status (Priss et al 2008, Fewtrell et al. 2007)e Th
effects of diarrhoea, malaria and respiratory diesaon
children are further confounded by undernutrition
(Friedman et al. 2005, Mihrshahi et al. 2007). B&se
may restrict food intake, impair nutrient absorptio
cause direct nutrient losses, increase metabolic
requirements or catabolic losses and impair tramgpo
target tissues (Stephensen 1999). For all of these
reasons nutrition must not be overlooked as pathef
health agenda in protecting children from the aswer
effects of climate change. A study of growth paisein
Papua New Guinea indicates that in populations &her
malnutrition is still common, infection has become



more important than primary malnutrition as the
initiator of growth faltering due to malnutrition-
infection interactions (Ulijaszek 2000).

There is some specific evidence that climate chamge

its accompanying phenomena have aggravating impacts
on child nutrition. For example, a study undertaken

the desert area of India investigated the impact of
drought on the nutritional status of children age8
years. Although the presence of drought alone is no
indicative of climate change, climate change is
associated with the increase in frequency and éitien

of drought over time. Nutritional status was asseédsy
anthropometry, dietary intake and clinical signs of
nutritional deficiency and the results revealed hbot
stunting and wasting, signs of malnutrition of bliihg

and short durations (Singj et al 2006). Furtheadat
additional regions and settings is required forud f
assessment of the links between climate change and
childhood nutrition, including to take into account
likely confounding factors such as population ghowt
and food prices.

2.6 Health effects related to migration

There is increasing attention to the evidence and
expectation of human migration driven by climate
change (Warner et al 2008). Health effects of this
phenomenon may be considered in the light of known
impacts of induced migration from other causes.

Natural disasters such as flooding, drought and
environmental degradation can lead to population
displacement. Conflict, political instability andaw

whose causes may in some cases be a response to

environmental changes such as water scarcity, also
indirectly lead to migration (Homer-Dixon 1994) arwd
temporary dislocation. Women and children accoant f

a large proportion of displaced persons following
natural disasters and are the most susceptibldvierse
health effects such as malnutrition and outbreaks o
diseases (Sapir 1993, Chew and Ramdas 2005).

The significance of interactions between diseasg an
population mobility has been demonstrated for nilar
cholera and schistosomaiasis, among others (Poother
1994). People forced to move for resettlement avstm
exposed to diseases associated with ecological
conditions which differ from those in which theyvea
lived previously. The consequences are not immelgiat
apparent, and since many environmental pressuees ar
cumulative over time they may engender health fiszar
which develop more insidiously (Prothero 1994).
Overall changes in the morbidity and mortality pats

are likely from forced movements associated with
resettlement and environmental pressures, though da
is limited. A study in Timbuktu in Mali in the mid
1980s during the drought and the consecutive
migration, calculated a crude mortality rate neanice

the national rate. This was attributed to famine
conditions at the time and measles outbreak (Clarnel
and Guyon 1990). Peak periods of migration coirgtide
with times of food scarcity in southern Ethiopiaarg

the agricultural community (Lindtjorn et al. 1993).

Medical interventions such as immunization and
vaccination (particularly against measles) havéceti
impact on child survival and yet are difficult te b
carried out among elusive populations. For example,
those treated for tuberculosis in Somali refugemp=a
were lost in the follow-up phase, some having maeed
other camps, and children were found to be pagtityl
elusive (Shears 1983). Transient population are als
subject to poor vector control, particularly agains
malaria. Malnourished children and pregnant women
are high-risk groups when they move into areas wher
malaria is endemic. Through movements existing
pathologies may be exacerbated and new pathologies
acquired. For example, the spread of falciparumanel
resistant to chloroquine has been facilitated by
movements of people, particularly of refugees intSo
East and South Asia (Verdrager 1986, Payne 1987)
(Figure 1).



The particular vulnerability of children in small i sland developing states

In areas such as the Pacific Ocean and the Caritf®ea, the rise in surface air temperatures has
more rapid than the global rates of warming. Mamals island states are particularly vulnerable

bee
to

tropical cyclones, storm surges, flooding and dhau¢Ebi et al. 2006b). Damages to the Ignd
precipitate dislocation of populations, and theidests of small island states are particuldrly

susceptible to situations that force them to megra&mall island states share many features
constrain their ability to adapt to current climatgiability and future climate change, includirgeir
small physical size, remoteness from major landsemslimited natural resources, vulnerability

that

to

natural disasters and extreme weather events, sgeasensitive to external shocks, populations with

high growth rates and densities, poorly developdtastructure, and limited financial and hum

an

resources (Nurse 2001, Ebi et al. 2006b). Highrjtyiadiseases of concern for small island stdtes

include malaria, dengue, diarrhoeal disease/typhtoédt stress, skin diseases and acute respir
infections and asthma. Decreases in water avathabihd agricultural production are also main cau
of adverse health outcomes in these regions (Hdrehat 1998). Studies however were not found

address child health outcomes of climate changtheénspecific context of small island developi

atory
se
hat

ng

states.

3. Monitoring and Addressing Health Impacts on
Children

The measurable effects of climate change on childre
have been identified in the previous section attipiel
levels in relation to specific health outcomes.réased
severity and prevalence of climate change impas a
predicted to be concentrated in tropical regionsctvh
are largely comprised of developing countries, and
where the majority of climate-sensitive health
conditions (e.g. malnutrition, diarrhoea and malgpare
already prevalent and which would be most affetted
climate change and its variability. Within this
population of least resilience, children are patédy
likely to suffer increased vulnerability and risttae to
climate change.

However, the health-outcome-specific approach can
lead to underestimates of the overall impact ahate
change on health. Climate has been seen to influanc
wide range of diseases through complex pathways,
many of which may not be fully known or predictahte
this time (see e.g. Gommes et al. 2004). A disbgse-
disease approach misses the compounding effects and
interactions between pathways, as illustrated gufe

1. For example, as referred to above, undernutriiso
considered to be the underlying cause of the mgjofi
child deaths as it leaves children susceptible rid a
aggravates diseases.

Similarly, the natural disasters that lead to agdtical
failure and lack of access to food contribute te th
exacerbation of diseases such as malaria and déarh
Climate is a major influence on all eco-system
functions, and climate change and the sudden
“threshold” shifts may lead to the emergence of new
disease or health threats that are currently not
foreseeable (Campbell-Lendrum and Woodruff 2006).
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Climate change and variability also affect health
indirectly through the ecological system, causing
irreversible damage to arable land and water ressur
in some regions, with serious local consequences fo
food production. These losses will be felt most
profoundly in developing countries with a low caipac

to cope and adapt (Fischer et al. 2005).

Study of the overall impact of climate change omhn
health remains limited, and future policies need to
reflect the findings of recent and ongoing research

3.1 Action framework

In parallel to the mitigation advocating emissions
reductions, adaptation is regarded as an integualqf
climate policy. The Stern Review on the Economits o
Climate Change (Stern 2006) and the Intergovernahent
Panel on Climate Change both have strongly confirme
this view. The emphasis on adaptation is partidllg to

the fact that there is a time-lag between the prtese
emissions and the projection of increased greemhous
gas concentrations (Pielke et al. 2067)t is also
because adaptation is the most tangible and feasibl
focus for intervention by many actors, such as the
operational agencies of the UN system, to help to
alleviate climate change impacts.

Many of the health risks and outcomes associatéld wi
climate change are already being addressed to some
degree through existing health programmes and
interventions. The health concern that climate gean
poses is not only a question of new diseases (aitho
these may contribute to emergence of new strains of
viruses and other microbes that cause human iofécti

but the alternation of incidence, range, intensityd
seasonality of many of the existing health discsder
(McMichael et al. 2008). Concerted action to sttbeg



health systems adapting to environmental risks tand
promote sustainable and healthy development choices
can enhance current health conditions as well discee
vulnerability to future climate chande.

An immediate basis for intensified adaptation measu

is the recognition that developing country popuias
most notably those in small island states, arid laigth
mountain zones, and densely populated coastal ,areas
are particularly vulnerable to the health impacfs o
climate changé The above review has underscored that
children in developing countries are especially
vulnerable. The importance of adaptation is further
supported by the fact that vulnerabilities to cliesa
related impacts are influenced by additional fextarch

as rapid population growth, unsustainable develaopme
and growing socio-economic inequality, threatertimeg
most exposed groups within society (Pielke et @072.
There is urgent need to make the more vulnerable
sectors of the population, especially children, enor
resilient and better prepared for the environmenisibs

by climate change by improving their adaptive cétyac

The evidence outlined above regarding the impaots o
child health provides a strong basis for conceeféarts

by policy makers to promote measures for adaptaton
well as mitigation, and in this context to reoriemtd
strengthen existing health and development inigesti

to ensure that they incorporate and address the
vulnerability of children to effects of climate cige.

3.2 Knowledge gaps and needs for additional
information

Existing research provides strong evidence thatatt
change is occurring (IPCC) and that it has adverse
effects on human health, especially on child health
outlined above. Nevertheless, significant uncetiesn
are noted regarding estimates made (WHO 2002), and
the completeness of the range of impacts being
considered (McMichael et al. 2006). There is
uncertainty over the future drivers of climate ofp@n
particularly future greenhouse gas emissions; atiwit
nature and complexity of relationship between ctana
environment, natural resources and health; andt mos
importantly, about the degree to which current alien
health relationship will be modified by socioecoriom
adaptation in the future (Haines et al. 2006). Ta&
statement holds equally for the impact of climate
change on child health. Confounding factors conaydic
the analysis of long-term effect of climate charaye
health, including trends in travel, trade and ntigra
erratic disease control efforts, emerging drug or
pesticide resistance, human population growth,
urbanization, agricultural development and variable
reporting biases (Patz 2002). Scarcity or incoasist
guality of health databases makes trend analysiki®f
type challenging; datasets from the developing
countries are particularly lacking, especially #os
related to children.
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A number of substantial studies link the effect of
climate change to specific health outcomes. Intaafdi
there is a literature linking these specific health
outcomes to the vulnerability of children. Verytlét
evidence has been found, however, that links cémat
change to child health, particularly to illuminatiee
suspected disproportionate impacts on child he&lbin.
this reason this review paper has taken a two-step
approach to examining evidence on the suscepyilafit
child health to climate change, even though thisds
the ideal strategy.

Gaps are also seen between micro analysis
(epidemiological studies linking disease to climate
change in specific contexts), macro studies (global
modelling and projections of climate change and
trajectories) and policy analysis (recommendatifars
mitigation and adaptation). Bringing these types of
work together systematically in a way that addreske
relevant health outcomes and regional and populatio
specificities will be crucial to more clearly idégtthe
vulnerability of children and prepare for future
responses. There are major needs for further redsear
the above dimensions. Within this there is a strong
requirement for better availability of longitudindhta
and of reliable indicators of children’s environrtedn
health.

In addition, as introduced above, alternative miaugl
methods are needed in order to address the likely
underestimation of impacts using the health-outcome
specific approach.

It should be noted that several studies were ifledti
that specifically focus on climate change and chifts
health (Bunyavanich et al. 2003, Ebi and Paulsd@v20
Shea 2007, Waterson 2007). These tend to focus on
children in industrialized countries (although mast
them acknowledge the increased susceptibility of
children in developing countries). However, detaifs
the children’s susceptibility are generally omittechd
the content is particularly targeted for paedi#&ris and
what they should know and do. Another recent lttea
review on the links between climate change and
population health (Ebi et al. 2006a) focuses sotaly
the US population. It points to the vulnerability o
children and of the poor, but the literature unfimus
and the discussion apply specifically to a parécul
population from a wealthier country.

Similar reviews, covering wider population groupd)

be critical for the international community to better
prepared for the human security risk created hypatiée
change. The present initial review, however,
underscores the key need for additional research
evidence on the health risks associated with cémat
change and the identification of vulnerable poparet

and life stages. An important support for this effig
strengthened health information systems to obtaih a
organize the necessary data.



3.3 Children’s environmental health indicators

Substantial efforts have been made towards the
development of environmental health indicators
covering children, most notably through the global
initiative on  Children’s Environmental Health
Indicators (CEHI) launched at the World Summit on
Sustainable Development in 2002Vorking together
with governments, NGOs and UNICEF and other
international organizations, WHO has coordinated
several pilot indicator projects around the worlthe
results, outcomes and lessons learned were reviawed
an international workshop held in Tunisia in 20688.

Five principal categories of children’s environmant
health indicators have been identified based on the
burden of disease, including mortality impacts: $bgl
injuries, diarrhoeal diseases, respiratory diseases
insect-borne diseases and perinatal diseases &Brigg
2003). Four of these categories are included inreid

of this review as effects of climate change: phgkic
injuries, food and water-borne diseases (diarrhoea)
respiratory diseases and vector-borne diseases. iEac
associated with disproportionate vulnerability tala
health, as illustrated in the previous section:

The remaining CEH indicator, that of perinatal theat

is not specifically identified in this review asheaalth
impact of climate change. However, a number of the
anticipated consequences of climate change inajudin
natural disasters, agricultural failures, malnigritand
induced migration are expected to have particular
negative impacts on pregnant women. Thus, although
studies could not be identified that directly link
perinatal conditions and climate change, an indirec
effect in this regard may be predicted.

The review above has highlighted the role of
malnutrition as a key underlying factor in morbyditnd
mortality among children under age 5, and the Yikel
sensitivity of children’s nutritional status to e€ts of
climate change. Malnutrition is currently clasgifias a
CEH indicator under the heading of perinatal diesas
On the evidence from this review, it may be sugepbst
that malnutrition merits greater emphasis as a C&el
indicator category, and that countries develophfnt
indicators of nutrition status within the CEH franark
according to their situations.

Improving child health and ensuring environmental
sustainability are two of the Millennium Developnen
Goals (MDGs). Strong health information systemg tha
include environmental indicators are thus essengal
effective monitoring of efforts to achieve the MDGs
and other agreed global targets.

Environmental threats differ significantly among

regions of the world, among countries within a give

region and even among communities within a given
country. Environmental health indicators must thane
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be sensitive to the varying needs; however, the aim

should be for an eventually integrated, standadlize

approach that reflects global standards. On thés lmdis
strengthened environmental health indicators aradtthe
information systems, within and across country-
comparisons are possible to understand what is
happening. This will in turn provide a framework of
international priorities for research and for effez and
efficient policy responses with the limited resasc
available (WHO, 2009a).

Within this overall framework, children’s

environmental health indicators provide:

* a basis for assessing environmental risks to anlgr
health, in order to help prioritize policy at natid
and global level

e a basis for monitoring and evaluating
effectiveness of national and international inities
to reduce environmental health risks to childrem] a

» a template for developing additional indicators to
address issues of specific local or national cancer

the

Through the process of developing environmental
health indicators and health information systems,
countries accumulate knowledge and capacity teassi
them in addressing climate change and related
priorities. In this context, for example, WHO anither
partners are developing a programme of supporiexppl
research on such issues as the assessment oficlimat
risks to health, estimation of the health beneéfs
mitigation measures and the costs of adaptation QWH
2009). Toward such an objective, the present paper
offers an initial review of the impacts of climatkange
and its disproportionate risks to child health. sThi
review has highlighted the limitations of availaklata

to provide a sound scientific evidence base for
environmental policies for children, within the boder
context of strengthened health information systéons
decision-making.

Several key actions may be identified to suppod th
strengthening of health information systems anddchi
health indicators. First, national governments Heir
partners should assess the existing health inféomat
system including routine data, service recordssgses,
civil registrations and surveys such as Demographit
Health Surveys (DHS) and MICS, to determine the
already available information on  children’s
environmental health. On this basis gaps can be
identified in knowledge, and steps taken towartisidi
these to support improved interventions and pdlickes

a contribution to this process the Health Metrics
Network assists in coordinating and aligning pagne
around an agreed framework for development and
strengthening of health information systems, and
provides guidance and tools for the counttfes.

Secondly, assessment and monitoring tools that are
found to be effective in the CEHI pilot projectsuti be
offered and applied to the other regions and castr



On the basis of the accumulated experience thefset
core CEH indicators can be increasingly refinedd an
the global database expanded in partnership with
governments and other stakeholders. Finally, a-long
term commitment of technical and financial assistan
is required for effective information system
strengthening. Beginning with baseline assessmeait a
proceeding to action studies and evaluations,
operational research using environmental health
indicators must be supported as an integral comqpone
of the global response to climate change. Thisreffo
will require time to be established, and constant
upgrading with new knowledge and resources.

Finally, children themselves should be seen as key
partners in the collection and use of environmental
health information. Integration of children’s
environmental health indicators into primary schidel
skills and environmental education initiatives, @i
engage children through participatory approaches in
relevant local action, can become an important eteém

of national programmes addressing the impacts of
climate change (UNICEF 2008).

4., Conclusion

Climate change is predicted to have substantiaceff
on human health. As outlined in this review, ctelr
are among the most vulnerable population groups and
they are likely to disproportionately suffer negati
health outcomes. The diseases seen to be aggrdwated
climate change, including vector-borne diseasesemwa
borne diseases and air-borne diseases, are altkady
primary causes of child morbidity and mortality.rFo
this reason further research, assessment and miogito

of child health in respect to climate change itical.

The development of children’s environmental health
indicators has been presented as a key step inngnovi
forward to fill evidence gaps. Within the currently
evolving frameworks of CEH indicators, it is
particularly important that nutrition-related indtors

be given increased attention in the light of theacts

of environmental changes on nutrition. Governments
should be encouraged and supported to integrate
environmental health indicators within national ltea
information systems, covering the entire populatior
including specific focus on children.

In order to tackle the challenge of global climelt@nge
and child health a concerted effort is required atly
partners. A cross-sectoral and interdisciplinary
approach is key. At national level this must ikl
the relevant ministries and offices concerned with
environment, water, sanitation, health, education,
statistics and social policy. At the internationevel,
organizations and partnerships concerned in trés ar
should establish this issue as a priority and tekt®ns
accordingly. On this basis, a contribution can keden
to addressing the overall health impacts of climate
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change, and to the promotion of children’s need$ an
rights at both the national and global levels.
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