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Geographic distribution of temperature
change; 3 different models, 2 periods
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Three Major Risks to Health

Food and Nutrition

Decreased food yields, affordability

Infectious Disease Patterns
Geographic range, seasonality and outbreak rates

Heat stress

malnutrition

Risk of heat strain, heat stroke, death
Impact on productivity and economic output

Expected climate change impacts on
global cereal grain production,
1990-2080 (% change)
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1990
Estimated
regions at risk
of Dengue
Fever under
2085 climate
change:
2085 vs 1990
Probability
Hales et al.
Lancet, 2002
Heatwave:
Aug USt 2003 Land surface temperatures, summer of 2003, vs.

summers of 2000-04. NASA satellite spectrometry

35-50,000 extra
deaths over a 2-
week period
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Modeling of heat wave mortality in Paris,
2003; separate effects of heat and ozone
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FullModel ° ActualDeaths

WHO estimate of Burden of Disease dueto climate
change 1990-2000. Thousands of deaths

AFR-D,E 17 13 23 0 2 55
AMR-A,B 0 0 0 1 1 2
AMR-D 0 1 0 0 0 1
EMR-B 0 0 3 0 0 3
EMR-D 9 8 0 1 1 19
EUR-AB,C 0 0 0 0 0 0
SEAR-B 0 1 0 0 1 2
SEAR-D 52 22 0 0 7 81
WPR-A,B 0 2 1 0 0 3
Total 78 47 27 2 12 166
Sum-D,E 78 44 23 1 10 156
% of Total 100 94 85 50 83 94
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Poor people more affected by climate change

Poor background level of health increases risk of
certain climate change health effects

Highest heat exposures in low income countries and
poor people not protected by air conditioning

Poor people do not have the means to apply heat
protection systems

Poor people are more likely to engage in very heavy
labour, both indoors and outdoors, and get more
affected by direct heat stress

What is the common hazard in these workplaces ?
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Sugar cane cutting, Nicaragua
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Harbour work, Costa Rica

AN Le Lai shoefactory No 2, Haiphong, March 2002
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WINTER

7.30 start work
10-10.15 break

11.30 - 12.30 break
15-15.15 break

until 17.00: 8 hours work

Finish at 18.00 - 20.00 at
production target

Heat: impact on work ability in the shoe factory

SUMMER
6.30 start work

10 -10.30 break

11.30 - 13.00 break
15-15.30 break

until 17.00: 8 hours work

Finish an hour later
because of heat

At least one hour more
work and two hours longer
away from “home”.

Managers concern: Free
bean-soup at breaks

Vulnerability dependent on age

Elderly people and infants affected more rapidly

and are the main victims of heat stroke and death
— Focus on mortality in the elderly

Adults are as working people affected: their
ability to do work is reduced and their accident

risk is increased

— Focus on productivity and economic cost

All ages are affected in their daily activities, e.g.
exercise, feasibility of walking and bicycling

— Focus on “wellbeing”, interference with daily

activities
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Effects of heat exposure

Sweating, dehydration, salt loss

Loss of ability to work intensively
Loss of perceptual motor performance
Increased accident risk

Increased body temperature (>38 °C)
Heat stroke

Unconsciousness

Death

Work ability (%) as a function of WBGT (degr.C)
at 4 work intensities (Watts), acclimatized
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Average hourly temperature in Delhi for the
coolest and hottest months, 1999

January
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WBGT outdoors in Delhi, 1999. Hours each
month at each WBGT level, January + May.
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Workability at 500W work intensity outdoors.
Hours at each workability level, Delhi, 1999,

January + May
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Heat exposure study potential, India.

Map of weather stations in NOAA database

Time trend temperature, Delhi
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Shanghai, the most extreme temperature

trends: heat island effect at weather station

Shanghai 1980-2007
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The urban heat island effect

Heat absorption during the day by tar-seal,
concrete, and other structures in urban areas

Local emissions of heat from engines, cooking,
air conditioners, etc.

Potential for local greenhouse effect due to local
CO2 release?

No shade from trees; no cooling from water
bodies

Slow release of heat during the night to air

2 - 6 degrees higher temperatures than in
surrounding rural area; higher night temperatures
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Urban Population Sizeand Growth by World Region

Urbanization trends ... now most people,
in all world regions, live in cities

Mid-year population (millions) Growth rate (percent)

. 1950- | 1975- | 2000-
Region 1950 | 1975 2000 2030 1975 2000 2030
Asia 244 592 1,376 2,679 35 34 2.2
Africa 32 102 295 787 4.6 4.2 33
Europe 287 455 534 540 18 0.6 0.04
Latin Americaand | 70 198 391 608 4.2 2.7 15
the Caribbean
North America 110 180 243 335 2 12 1
Oceania 8 15 231 32 25 17 11

Sources: From NRC 2003

.... and even the smaller cities are

getting bigger

Number of Citiesof Various Population Sizes: 2015

Population World Economic Level
Size Totd
Mill More Less
(Millions) Dev'd De/d
10M > 21 4 17
510M 37 6 3l
1-5M 496 118 378 Major
51M 507 107 400 challenge
Total .5-10M | 1061 235 826
Source: NRC 2003.
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Worst affected: 1 billion people living and working
in slums now, and 2 billion there by 2030

Social, economic and health inequalities are
staggering:
Percentage of urban population living in “slums”
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Severe air pollution, Beijing,
1997, 500 ug/m3

during London Fog 1952

80
70+
60
501
40+
30
20+
10*3
0- ; ; ; ; —
<l 1- 5-15-25-35-45-55-65- 75
4 14 24 34 44 54 64 74 +

Weekly mortality/10,000 before and

O Before
H During

An average of 100 % increase of mortality during the polluted week

at appr. 1000 ug PM/m3 =1 % increase per 10 ug/m3
Vulnerable groups = infants and elderly (same for heat)
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Christchurch epidemiological study
Poisson regression result (1988 - 1997)

Best Model

Response : Total deaths

Variable Coefficient ~ Standard 95% ClI
error
PMy, (lag 1) <0.00125 0.00040 0.00046 0.00203
HOT 0.00877 0.00373 0.00145 0.01609

The 24 hour average level of PM,, on the day prior to
death and the variable HOT (created based on 1 hour
maximum temperature) on the day of death had the
statistically strongest association with the number of
daily deaths.

Hales, Kjellstrom, Shrestha et al., 2002

The coefficients are indicators of acute env. health impact

Manila

Auckland, winter morning
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Hanoi, 1993

Motorization in Vietham

Hanoi, 2001

Hanoi, 2002

Global air pollution health effects (deaths)
WHO estimate 1997.

Setting Ind. Dev. T otal
countries countries

Rural 0]
indoor
Urban 341,000 363,000

1,849,000 1,849,000

indoor

Urban 464,000 511,000
outdoor

T otal 2,654,000 2,723,000
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Research gaps, climate change and health,

WHO meeting, Madrid, October 2008

Health vulnerability studies

Effectiveness of Health protection measures

Health impacts of mitigation and adaptation

Decision-support tools, surveillance,
monitoring

Assessment of likely financial costs

Adaptation needs and research focus

Use known methods to reduce high heat exposure and
risks of malnutrition, poor quality water supply,
extreme weather, and exposure to insect bites

Improve basic PHC and public health systems
Design residential and commercial buildings to
enhance natural cooling and reduce energy waste

Urban planning to reduce energy waste and create
shade and cooling water surfaces

Quantify health effects of climate variables and climate
change

Develop and evaluate new preventive interventions
Identify and quantify impacts on human activities and
performance that influences productivity/economy or
quality of life
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HOTBODS study program:
High Occupational Temperature Burden Of Disability Syndrome

. Pilot study identifying general climate situation in an area (city or

province) and occupations or community groups at particular risk
of heat stress. Pilot study report needed for funding application.

. Validation of heat exposure assessment based on climate

measurements at weather stations

. Qualitative study based on interviews in the community, recording

perception of heat exposure, how it affects work and daily life,
what actions are taken to prevent heat stress and any symptoms of
heat exposure

. Quantitative study measuring work output in relation to hourly or

daily heat exposure in selected occupation groups

. Estimation of current and future impact of heat exposure on

occupational health and economic productivity (with climate
change) in different economic sectors of specific countries

. Identification of methods of adaptation to or prevention of heat

exposure in workplaces and protection of economic productivity
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