
SECTION 3
EMERGING ENVIRONMENTAL
CHALLENGES
Current development patterns, and individual behav-
ioural choices, are bringing a range of new challenges 
to public health. Many of the most important relate to 
environmental changes. 

The clearest example is climate change. The accumulation 
of greenhouse gases in the atmosphere, driven mainly 
by the use of fossil fuels, is increasing temperatures 
and exposing populations to more frequent and intense 
weather extremes as well as undermining environmental 
determinants of health, such as clean water and adequate 
nutrition. Similarly, the accumulation of Chlorofluoro-
carbons (CFCs) and other industrial chemicals in the 
atmosphere has degraded the stratospheric ozone layer, 
increasing levels of ultraviolet radiation – the major risk 
factor for developing skin cancers.

The health impacts of these environmental changes, 
however, are strongly mediated by local factors. Air 
pollution, both inside and outside the home, is caused 
by a combination of global development patterns, 
and weak control of polluting energy sources at the 
national and local level, making it one of the largest, 
and fastest growing, contributors to global ill health. 
The health issues related to the increasing frequency 
of heat waves is compounded by a rapid increase in the 
size of the most vulnerable populations: older people, 
particularly those living in large cities in the tropics 
and subtropics. The hazard of ultraviolet radiation has 
combined with a tendency over recent decades for fair-
skinned populations to spend increasing amounts of 
time in the sun. In some cases, such as with the rapid 
rise in asthma and other respiratory conditions associ-
ated with pollen exposure the mechanisms are poorly 
understood – but the early evidence suggests that the 

rise in observed cases is also caused by a combination 
of more conducive climate and environmental condi-
tions, more active surveillance by health services, and 
individual susceptibility. 

A combined response to emerging environmental chal-
lenges is needed from the individual up to the local, 
national and international levels. A close collabora-
tion between climate and health services can make an 
important contribution to all of these efforts. At the 
local level, weather forecasts in many parts of the world 
now routinely provide information on levels of ozone 
and particulate air pollutants, of pollen, of exposure to 
ultraviolet radiation, and warnings of when high tem-
peratures may become hazardous to health. When this 
service is properly connected with guidance or plans for 
preventive action, it can enable individuals, and health 
services, to avoid or limit harm to health.

Meteorological and other environmental monitoring 
services also provide information on environmental 
hazards over wider spatial scales, and over longer 
time periods. This includes, for example, monitoring 
of the dispersal of particulate air pollution within and 
across national boundaries over weeks or months, and 
of the condition of the ozone layer over years. Perhaps 
most fundamentally, meteorological services provide 
the essential data allowing us to track, and to predict, 
the progress of global climate change over decades to 
centuries. Health services can use this information to 
ensure that health protection services adapt as much as 
possible to changing conditions. They can also use it to 
advocate for environmental protection, and sustainable 
development, as fundamental contributions to sustain 
healthy human lives.
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THE DANGERS OF THE SUN 

Excessive heat is a growing public health threat – for 
every degree Centigrade above a threshold level, deaths 
can increase by 2 – 5 per cent. Prolonged, intense heat 
waves heighten the risks. Elderly, chronically-ill and 
socially-isolated individuals, people working in exposed 
environments and children are particularly vulnerable.1, 2

While extreme heat affects populations around the 
world in both developing and developed countries, 
some of the most dramatic heat waves have occurred 
in relatively wealthy regions of the world with cooler 
average temperatures and mid-latitude climates. The 
extended heat of the European summer of 2003 caused 
a rise in death rates that was 4 to 5 times expected levels 
at the peak of the event in some cities, eventually causing 
over 70 000 additional deaths across twelve countries.3,4 
Heat stress affects rural areas but is particularly severe 
in cities, where the urban heat-island effect can raise 
temperatures by more than 5°C,5 and high temperatures 
exacerbate the harmful effects of ozone and particulate 
air pollution.

Climate change – which is expected to increase the 
intensity and frequency of such extremes – will worsen 
the hazards to human health. By the 2050s, heat events 
that would currently occur only once every 20 years will 
be experienced on average every 2 – 5 years.6 Population 
growth, ageing and urbanization are also expected to 
increase the numbers of people at high risk. By 2050, it 
is estimated that there will be at least 3 times as many 
people aged over 65 living in cities around the world, 
with developing regions seeing the greatest increases.7 

The combined effects of escalating hazards and growing 
vulnerable populations will make heat stress a health 
priority for the coming decades.
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 HEAT STRESS

Older people living in cities are at particular 
risk; and their number is expected to increase 

dramatically by the middle of the Century7
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Extreme heat is lethal in developed and developing countries: Daily maximum and minimum 
temperatures, and number of deaths: Paris, Summer 20039
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Increasingly frequent heatwaves will combine with growing vulnerable populations. Bar graphs show 
how frequently a heat event that would have occurred only once in 20 years in the late 20th Century, 

is expected to occur in the mid 21st Century, under different climate change scenarios.6 Lower numbers 
indicate more frequent events. Countries are shaded according to the expected proportional increase in 

urban populations aged over 658
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PROTECTING POPULATIONS FROM HEAT STRESS

Protection from extreme heat requires a range of actions, 
from providing early warning, surveillance and treatment 
for vulnerable populations through to long-term urban 
planning to reduce the heat-island effect as well as 
initiatives to reduce greenhouse gas emissions to limit 
the severity of global climate change.

Collaboration between health and climate services is 
critical to implement all of these actions. For example, 
following the devastating 2003 heat wave, 17 countries 
across Europe established heat-health action plans. 
The essential components of such action plans are 
the identification of weather situations that adversely 
affect human health, the monitoring of meteorological 
forecasts, mechanisms to disseminate warnings, and 
public health activities to reduce or prevent heat related 
illness and death. Hence, a pre-defined meteorological 
forecast will trigger a series of pre-defined actions, such 
as the broadcasts of health warnings, targeted care for 
vulnerable population groups, real-time surveillance 
and evaluation, and the preparation of the health and 
social care services. Such systems provide accurate and 
timely alerts and are also cost-effective as European and 
North American experience shows. Broader use could 
be made of such actions in other regions of the world.1,10

Through observation and study of essential data recorded 
over years, meteorologists are also providing a clearer 
understanding of how the combination of energy use, 
changes in land use and global warming are modifying 
the pattern of extreme temperatures over the long-term. 
Meteorological data provide essential inputs to develop 
climate scenarios, and allow verification of how weather 
eventually changes over time. Such information is critical 
to planning local health adaptation, and monitoring the 
progress of global climate change. 

A large number of European countries now have 
operational heat-heath action plans11
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The information generated by meteorological agencies needs to be connected to preventive actions  
by health and other sectors to form a heat-health action plan13

Temperature forecasts can be automatically converted into the probability of exceeding  
a pre-defined threshold for a heat wave12
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SECTION 3 | EMERGING ENVIRONMENTAL CHALLENGES
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THE DANGERS OF THE SUN 

While small doses of ultraviolet (UV) radiation from the 
sun help the body produce vitamin D, excessive exposure 
is damaging to human health. Excessive exposure may 
have consequences ranging from premature ageing of 
the skin to skin cancer. The number of cases of malignant 
melanoma has doubled every 7 to 8 years over the 
last 40 years – mostly due to a marked increase in the 
incidence of skin cancers in fair-skinned populations 
since the early 1970s. This is strongly associated with 
personal habits: the societal view is that a tan is desirable 
and healthy. Children are most at risk, as exposure to 
the sun during childhood appears to set the stage for 
the development of skin cancer later in life.

UV radiation can also severely damage the cornea, lens 
and retina of the human eye – long exposures can result 
in photo keratitis and a lifetime of cumulative exposure 
contributes to the risk of cataracts and other forms of 
ocular damage. In addition to the above risks, a growing 
body of evidence suggests that levels of UV radiation 
in the environment may enhance the risk of infectious 
diseases and limit the efficacy of vaccinations. 

Aggravating the situation is the hole in the ozone layer 
over Antarctica, which was discovered in 1985. Chlo-
rofluorocarbons (CFCs), and other industrial chemicals 
released into the atmosphere, are destroying the strato-
spheric ozone, which shields the Earth from harmful 
UV radiation. That hole has now expanded to about 
25 million km2.
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Incidence rates of skin melanoma in Australia, for different age groups (left hand side)  
and Los Angeles, USA for different skin types (right hand side)2
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ENJOYING THE SUN WISELY 

Awareness on how to behave in the sun is important for 
curbing the rapid increase in skin cancer observed in 
many populations. The Global Solar UV Index is a daily 
reminder to stay alert in the sun. It is a simple measure 
of the solar UV radiation level received at a particular 
time on the Earth’s surface and an indicator of the 
potential for skin damage. It was introduced in 1995 as 
a harmonized measure to monitor long-term changes in 
UV irradiation and UV spectrum on the Earth’s surface 
caused, for example, by ozone depletion. 

The UV Index also serves as a vehicle to raise public 
awareness and to alert people about the need to adopt 
protective measures when exposed to UV. It is reported 
along with the weather forecast during the summer 
months in many countries. Encouraging individuals 
to protect themselves – by seeking shade and wearing 
suitable clothes – remains the key to preventing the 
66 000 deaths from skin cancer every year. 

Environmental protection is also necessary. WMO and 
UNEP played a leading role in setting up the 1985 Vienna 
Convention for the Protection of the Ozone Layer. The 
Montreal Protocol, signed in 1987, controls the use of 
substances that could damage the ozone layer. WMO and 
the scientific community monitor the development of 
ozone worldwide by using meteorological data obtained 
from the ground, balloons, aircraft and satellites. With 
the prospect of global climate change compounding the 
skin cancer risk through systemic and unprecedented 
influences on stratospheric ozone, hopefully, the les-
sons learnt can help us meet even greater challenges 
to preserve our planet’s and our health. 

Daily maximum of UV Index cloudy, 15.08.12 00:00 UTC  period= +12 h

0 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 12.5 14.5 UVI

THE BASIC SUN PROTECTION MESSAGES3 

• Limit exposure during midday hours.

• Seek shade.

• Wear protective clothing.

• Wear a broad-brimmed hat to protect the eyes, face and neck.

• Protect the eyes with wrap-around-design sunglasses or sunglasses with side panels.

• Use and reapply broad-spectrum sunscreen of sun protection factor (SPF) 15+ liberally.

• Avoid tanning beds.

• Protect babies and young children: this is particularly important.
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Global UV index under cloudy conditions4
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THE IMPACT OF NATURAL ALLERGENS

WHO estimates that around 235 million people currently 
suffer from asthma worldwide. It is the most prevalent 
chronic childhood disease. Asthma can be caused by 
many factors, including poor air quality and the presence 
of strong airborne allergens. Asthma costs Europe an 
estimated 17.7 billion per year, including the cost of lost 
productivity estimated at €10 billion per year. 

The European Federation of Allergy and Airway Diseases 
Patients Associations estimates that 80 million (over 
24 per cent) adults living in Europe suffer from various 
allergies, while the prevalence in children is 30 – 40 
per cent and increasing. One of the most widespread 
types of allergies is related to the presence of allergenic 
pollen in air. Its seasonal outbreaks cause a quick rise 
of symptoms and an increase in the consumption of 
antihistamines.

The reasons for the increase in susceptibility to aller-
gens, in particular to pollen allergens, remain elusive; 
however, environment and life-style factors appear to 
be the driving forces. Evidence shows that chemical 
air pollutants and anthropogenic aerosols can alter the 
impact of allergenic pollen by changing the amount 
and features of the allergens thereby simultaneously 
increasing human susceptibility to them. 

Climate change is also affecting natural allergens in 
several ways. Over most of Europe, the growing season 
of many trees and grasses starts earlier and lasts longer 
than 10 – 20 years ago. The total amount of pollen 
observed in the air is also growing, probably due to the 
interaction between changing land use, temperature 
and CO2 concentrations, although how they correlate 
is not yet fully understood. However, experiments in 
climate chambers with controlled CO2 showed that pollen 
productivity of ragweed increases by 60 per cent when 
CO2 concentration is doubled.

SECTION 3 | EMERGING ENVIRONMENTAL CHALLENGES

 POLLENS Ambrosia Pollen 2011
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Correlation between the presence of several types of pollen 
in the air with allergy symptom score (upper panel) and 
medication intensity (lower panel) in the Netherlands2
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MITIGATING THE IMPACT OF  
NATURAL ALLERGENS

Pollen concentrations in air change strongly over time 
and space. A single plant usually pollinates only for 
a few hours or days, mainly releasing pollen during 
daytime, but pollen can remain suspended in air several 
tens of hours, causing allergy outbreaks far away from 
their source at any time of the day. However, pollen 
concentration decreases rapidly with distance from 
the source, so that a single tree in a garden can have 
stronger health impact than a large forest 10 km away. 

Aerobiological networks undertake systematic obser-
vations of pollen concentrations in many parts of the 
world. Modern atmospheric composition models can 
also forecast pollen distribution. This information, if 
available to allergic people, would allow for short-term 
adjustments of their planned outdoor activities and, 
possibly, application of pre-emptive medication, thus 
reducing the health impact.

Cities where allergy prevalence has increased most, 
owing to chemical and aerosol air contamination and, 
possibly, to more aggressive pollen released by stressed 
plants, must pay particular attention to mitigation mea-
sures. The selection of low-allergenicity ornamental 
plants for streets and gardens can significantly reduce 
allergen exposure. The timely mowing of certain types 
of grass can prevent pollen release, thus almost com-
pletely eliminating the corresponding allergens from 
the air. These measures can significantly reduce allergy 
prevalence and improve the quality of life of a large 
fraction of the global population.
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CASE STUDY: RAGWEED

More than 10 per cent of the German population suffers 
from pollinosis, and its prevalence is increasing. The 
main allergenic pollens are from hazelnut, birch, alder, 
grasses, rye and mugwort. The regionalized daily pollen 
forecast is based on the weather forecast of the Deutscher 

Wetterdienst (DWD, the German Weather Service), 
particularly on wind flow and precipitation, data from the 
50 pollen-measuring stations of the Foundation Pollen 
Information Service and on up-to-date phenological data. 
Forecast texts are automatically generated.

72-hours-long ragweed forecast3
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SECTION 3 | EMERGING ENVIRONMENTAL CHALLENGES

 AIR POLLUTION

AIR POLLUTION: A GROWING GLOBAL PROBLEM

Air pollution and climate change are closely linked.1 
The greenhouse gas CO2 is the major cause of human-
induced climate change, and is emitted from the use 
of carbon-based fuels for power generation, transport, 
building and industry, and from household cooking and 
heating. Additional climate change is caused by some 
of the air pollutants arising from inefficient use of these 
fuels. These include methane and carbon monoxide, 
which interact with other volatile organic pollutants 
in the environment to form ozone, as well as various 
forms of particulate matter such as black carbon. It is 
these non-CO2 air pollutants that also have direct and 
sometimes severe consequences for health. For example, 
in 2008, exposure to unsafe levels of outdoor air pollution 
in the form of fine particulate matter (PM10) accounted 
for 1.3 million premature deaths in urban areas.2 This 
is a major concern as urban population is rising – from 
50 per cent of the world’s total population today, it is 
expected to reach 70 per cent by 2050.

Air pollution in and around the home carries an even 
heavier disease burden. Close to two million premature 
deaths annually, mostly in women and children in devel-
oping countries, are attributed to household air pollution 
due to the inefficient use of solid fuels for cooking.3 
Controlling air pollution through improvements in both 
the efficiency and renewability of energy supplies and 
use, as well as monitoring and modelling air quality, 
holds substantial benefits now and in the future for both 
health and climate.4
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Approximately 677 000 deaths in children under five each year (over 8% of the global total)  
are due to pneumonia caused by household air pollution5
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DEALING WITH AIR POLLUTION

Better use of available technologies, policies and mea-
sures to reduce short-lived air pollutants could generate 
immediate, significant benefits in human well-being, 
the climate system and the environment.7 For example, 
switching to cleaner and more efficient energy sources 
can markedly reduce the level of climate-changing pol-
lutants released from millions of households as well as 
improve health.8

Globally around 2.8 billion people 9 rely on solid fuels for 
cooking, often using rudimentary stoves or open fires 
that generate high levels of short-lived pollutants that 
are harmful to the environment and health.10 The risks 
of respiratory and cardiovascular diseases, cataract 
formation and various cancers are in particular increased. 
Replacing rudimentary stoves globally with cleaner 
technologies such as advanced combustion stoves could 
avert over 8 per cent of all childhood mortality annually.11

WHO tracks the use of polluting fuels and technologies, 
and their health impacts, and monitors the health benefits 
from shifts to less polluting alternatives. Together with 
WHO’s Air Quality Guidelines,12 these resources support 
policies and interventions for improving air quality and 
health. The WMO – through its Members – gathers, 
disseminates and assesses information on the chemical 
composition of the atmosphere and its relation to climate 
change and to air pollution.13 Capacity development for 
air quality modelling and forecasting services provides 
authorities with information to take appropriate actions 
to avert health risks.14 The evidence-based knowledge 
provided by WHO and WMO is used for the design and 
implementation of effective policies and interventions.
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Global Black Carbon Emissions from combustion, in Gigagrams (Gg). This includes emissions from fossil 
fuels and biofuels such as household biomass (i.e. wood, charcoal, dung, crop waste) used for cooking15
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