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FAQ 1.3, Figure 1

Presenter
Presentation Notes
FAQ 1.3, Figure 1. An idealised model of the natural greenhouse effect. See text for explanation.







Atmospheric CO2 measured at Mauna Loa, Hawaii.  
Source: NOAA Climate Monitoring and Diagnostic Laboratory

Direct measurements of CO2 show continued rise

Concentration reached 380 ppmv in 2005

Fossil-fuel origin of most 
of the increase is 
confirmed by reduction 
in C-14 concentration.





1000 years of global C emissions, CO2 concentrations, and temperature



IPCC WGII, 2007



Categories of Health Impacts
1) Direct impacts through changing weather patterns (e.g., 

storms, floods, temperature extremes)
2) Indirect impacts through natural systems including changes 

in water supply and quality, air pollution, and ecosystems 
leading to shifts in disease vectors.

3) Systemic impacts operating through human systems 
including shifts in food supplies, refugee patterns, coastal and 
agricultural livelihoods, and the health impacts of society’s 
responses to climate change, such as geo-engineering, carbon 
taxes, biofuel production, etc.

4) Low-probability high-consequence impacts such as 
extremely rapid climate change or sea level rise due to 
threshold phenomena in Earth’s systems, e.g., runaway 
methane emissions from the tundra or rapid loss of parts of 
the Antarctic ice sheet.

5) Co-benefits:  Achieving health- and climate-protection 
benefits with the same policies and projects



IPCC WGII, 2007



WHO Comparative Risk Assessment – 2004 
Climate Change

• Diarrhea – 2.4% of global burden
• Malaria – 2%; 6% in some regions
• 17% of protein-energy malnutrition
• 7% of dengue fever in some rich countries
• 150,000 premature deaths, 99% in poor countries 

(46% in South Asia)
• 0.4% of all DALYs
• Most (88%) of impact in children under 5



. 

Cartogram of ClimateCartogram of Climate--related Mortality (per million pop) yr. 2000related Mortality (per million pop) yr. 2000

Data from the WHO Comparative Risk Assessment, 2004

Presenter
Presentation Notes
Remember this map showing the inequities for climate change’s health impacts.



Climate change JA, Gibbs HK, Foley JA, Rogers JV, Smith KR, 2007, Patz
, and global health: Quantifying a growing ethical crisis

405, 2007.–(4): 3974EcoHealth

Cumulative CO2 emissions from fossil fuels               
(as depleted by natural processes) 

Presenter
Presentation Notes
Here is the distribution of CO2 emissions from fossil fuel combustion for comparison.  Note that th US and Europe, so skinny in the first map, are so fat here.  Any Africa and India, so fat in the first and so minimal here.  This comparison would change a bit if deforestation and other GHGs are included, but the point remains that the countries causing most of the problem are not those experiencing the problem



IPCC 2001scenarios to 
2100 ----------------

1000 years of Earth temperature history…and 100 years 
of projection

It is not what has happened so
far (attributable risk) that is 
the problem, but what might
happen in future (avoidable risk)



Child Mortality Wedges: 2005-2030
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Perinatal = 1.4 million/y
ARI = 0.8 million/y
Diarrhea = 0.7 million/y
Vaccines = 0.5 million/y
Malaria = 0.6 million/y
Chronic Diseases = 0.4 million/y
HIV = 90 thousand/y
Unavoidable Deaths = 0.2 million/y

Child Mortality Wedges: 2005-2030 Children in
the poorest
nations with 2.7 
billion people:
<$750/year-person

MDG

And, indirectly,
all these diseases
through malnutrition

Seven Mortality
Wedges

Climate change
directly affects

Deaths per year if no change in
risk ~200 million dead 
unnecessarily over 25 years

What more
could be done?

“Business as Usual”
If all goes as predicted, 
the actual deaths will be

~155 million
5.1 M/year

Millennium Development
Goals

Presenter
Presentation Notes
--Here, I focus just on excess child deaths in the poorest countries, those with per capita incomes less than $750 – 42% of the world’s people.  These suffer 8.1 billion of the 10 million excess child deaths each year. This first line shows what the situation would be if there were no improvement at all in risk per child.  By 2030, there would be some 8.8 million dying annually because of population growth.  This would mean over 200 million children in 25 years.

---Because of the MDGs and other efforts, however, the situation is improving slowly and it is estimated that the actual annual rate in 2030 under a “Business as Usual” scenario will be 5.1 million; making a total of  “only” 155 million dying unnecessarily over the period.

---Can we do better, however?  Yes, as shown here by a series of seven “child mortality wedges”, with effort we could bring the annual death rate down to about half a million, saving some 60 million more children in all.

--What about climate change?  It will make it more difficult to meet all these wedges.  First, it affects malaria and diarrhea directly, two of the big risks.  Second, however, through increased malnutrition in these populations it makes more difficult the achievement of all the wedges and indeed threatens even the “Business as Usual” scenario

--Note that, although ambitious, the wedges here still do not allow the world to meet the Millennium Development Goal for child mortality in these populations (two-thirds reduction) by 2015, although doing so by 2020 



Projections from the WHO Global Burden of Disease website







Co-benefits: Being Smart about Mitigation


 
Link with broader society: Guide mitigation 
measures so they help achieve other important 
societal goals, including health protection.


 
Spread costs: Helps reduce the cost of mitigation by 
sharing cost with other sectors.


 
No-regrets: providing a short-term more certain 
return (health) on a long-term more uncertain 
investment (climate protection)


 
Political bridge over the international divide 
between developed and developing countries



Major Categories of Co-benefits

 
There is no sector that does not have at least some 
relation to energy, health, and climate 


 
Here, however, are listed examples only in sectors 
that have potentially significant positive impacts 
on health and climate protection.


 
I do not include climate mitigation measures that 
may have significant negative impacts on health, 
such as promoting biofuels from agricultural land, 
etc.



Air Pollution from Energy Use

 
Household solid fuels


 

Large source of ill-health worldwide in poorest 
populations – 1.6 million premature deaths



 

Non-renewable biomass and coal carbon emissions


 

Poor combustion leads to non-CO2 GH-related 
emissions


 
Outdoor emissions from energy systems


 

0.8 million premature deaths


 

Most well documented benefits, climate and health

 
Products of incomplete combustion are the most 
important points of interaction



IPCC, 2007

A large part from
PIC: products of
incomplete 
combustion

Warming in 2005 
from emissions
since 1750

The climate change problem is caused not only 
by too much complete combustion of 
fossil fuels (CO2), but also by too 
much incomplete combustion of all fuels (PIC)

Presenter
Presentation Notes
Figure 2.21. Components of RF for emissions of principal gases, aerosols and aerosol precursors and other changes. Values represent RF in 2005 due to emissions and changes since 1750. (S) and (T) next to gas species represent stratospheric and tropospheric changes, respectively. The uncertainties are given in the footnotes to Table 2.13. Quantitative values are displayed in Table 2.13.





World Energy – 2001

World Energy Assessment, 2004

"Modern" 
Biomass

1.4%

Other 
Renewables

0.8%

Traditional 
Biomass

9.3%

Hydro
2.3%

Nuclear
6.9%

Natural Gas
21.7%

Oil
35.1%

Coal
22.6%

"New renewable energy 
sources"

2.2%

Population: 6.102 billion
Total energy use: 10.2 Gtoe
Per capita energy consumption: 1.67 toe

Also from
solid household fuels
Biomass and coal

Where do these PIC come from?

From forest and savannah fires –
not directly human caused in general   

Where else?



World Energy – 2001

World Energy Assessment, 2004
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Total Black Carbon Emissions in 2000
Source: T Bond Database, V 7.1.1 Feb 2009

Plus Bond et al., 2004

Forest and 
Grassland

38.4%

Ag Burning
4.1%

Waste Burning
0.3%

Household
24.7%

Power
0.7%

Ships and Aircraft
1.7%

Industry
19.0%

Transport
16.6%

Total: 7900 
gigagrams

India ~
0ne-quarter



More than
75% of
households

Biomass
Fuels

2000 Census

50-74% of
households

2+ million tons methane
per year of 300 Mt
total global human emissions



National Household Use of Biomass and Coal in 2000

Smith et al.
2004



Cognitive
Impairment?

ALRI/
Pneumonia
(meningitis)

Low birth
weight

Early
infant
death

Chronic 
obstructive
lung disease

Cancer
(lung)

Blindness (cataracts)

Tuberculosis?

Heart disease?

Diseases for which we have
epidemiological studies showing
a link to household biomass use

Birth defects?

Presenter
Presentation Notes
This indicates the current state of health effects studies, with the strength of evidence strongest at the top and less strong going down for women and young children who receive the largest exposures.



Indian Burden of Disease from Top 10 Risk Factors
and Selected Other Risk Factors

0% 2% 4% 6% 8% 10% 12% 14%

Urban outdoor air-E

Climate change-E

Lead (Pb)-E

Occupational (5 kinds)-E

Low fruit & veg

Zn Deficiency

Road traffic accidents

Cholesterol

Child cluster Vaccination

Blood pressure

Tobacco

Iron deficiency

Unsafe sex

Indoor smoke-E

Unsafe water/sanitation-E*

Underweight

Percent of All DALYs in 2000

KRS from data in 
World Health 
Reports – 2001, 02

420,000 deaths/year

760,000 deaths/year

Disability-adjusted life years



Large areas of rural 
India and China
have high ambient air
pollution – much from 
household fuel

20-month average
ground-level PM2.5
from satellite data



PM2.5 concentrations for 2000 computed with 
GAINS/TM5: Population-weighted annual mean 

concentrations (µg/m3)

PM2.5 from anthropogenic 
primary PM emissions and 
secondary inorganic 
aerosols.

Natural sources are 
excluded!Source: Markus Amman, IIASA



Emissions attributable to household 
solid fuels in India

Place Year PM2.5 CH4 CO2 SO2 NOx N2O

Andhra 
Pradesh 1990 15 4 7 11 9 2

2005 40 4 2 4 5 2

Tamil 
Nadu 1990 15 5 0 1 4 2

2005 24 4 0 0 1 1

Preliminary Results: December 8, 2009



Modifying the Built Environment

 
Obesity, traffic accidents, and lack of 
physical activity responsible for 3+ million 
additional premature deaths annually

 
Reduce vehicle use (air pollution, obesity, 
safety, etc) 

 
Change urban design to increase physical 
activity (obesity, air pollution, safety) 

 
Improve energy efficiency of buildings 
(avoid health risks of energy poverty)



Redirecting Diet Preferences

 
Livestock responsible for 20+% of global 
greenhouse emissions – methane from animal 
digestion plus operation of meat/dairy feed/supply 
systems


 
Converge on lower mean global red meat 
consumption


 

Suggested 90 g/d – Lancet 2007


 

Major health benefits: heart disease, stroke, obesity, 
bowel and breast cancer


 
Similar benefits to convergence in global dairy 
consumption


 
China/India have the major global growth 
potential





Trends in consumption of livestock products per person

FAO

Presenter
Presentation Notes
Livestock products defined as: milk, eggs, and dairy products, excluding butter.

“The projected trends assume no policy-induced change from present consumption. Note the rapid recent increase in east Asia, dominated by China, where per-head meat consumption would reach European levels by mid-century. Cultural, agricultural, and political factors will determine how the composition of animal products intake actually changes in the future. For example, in the near east and in north Africa, higher intake of milk, eggs, and poultry are likely, whereas greater consumption of beef and poultry is expected to dominate the increase in Latin America. Reproduced from FAO, with permission.



Most cost-effective GHG control 
device is probably a condom

 
Many tens of millions of women wish to 
have fewer children, but do not have access 
to contraceptives

 
Giving them access could mean 1-2 billion 
fewer people by 2100 – a major reduction of 
stress on the Earth

 
Many health benefits, particularly child and 
maternal mortality, to smaller, more planned 
families



Age of Mother

Risk of
Maternal
Mortality

13 45

The very age groups that
most wish to avoid
pregnancy are those
with the highest risk
of complications

Contraceptive use
and Maternal Mortality



Child Mortality
and Birth 
SpacingChild Deaths Potentially Averted







Access to Reproductive Services


 
Not population control, but reproductive 
rights

 
All countries on the way to replacement 
fertility this century

 
Just a matter of making it possible to happen 
sooner rather than later in the century

 
Large health benefits can be accrued



Methane Reduction

 

Major and probably undervalued global GHG

 

Major cause of rise in global tropospheric ozone 
concentrations – important health-damaging and 
crop-damaging pollutant


 

Livestock major source, as noted above

 

Leaks: Coal mines, gas pipelines, etc.

 

Waste management: Landfills, wastewater


 

Other health benefits here also

 

Incomplete combustion: biomass and coal in 
households



Livestock
30%

 Coal
mining

6%

 Biomass
burn
3%

 Fossil fuel
burn
1%

 Waste
water

9%

Landfills
12%

 Rice
10%

Manure
4%

Oi/gas
18%

Other ag
7%

Global Anthropogenic Methane Emissions ~2005
Total ~ 305 million tons

Growing at
~1.5% 
per year USEPA, 2006

~47 kg/cap



Methane Emissions from India in 2005
26.1 Mt (9% of world)

http://www.epa.gov/nonco2/econ-inv/international.html

24 kg/cap

http://www.epa.gov/nonco2/econ-inv/international.html
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Methane as a Global Ozone Precursor

Urban Global
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Manure
4%
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Other ag
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http://iconbazaar.com/bars/contributed/pg04.html


Mauzerall 2007





Indian Advanced Cookstove Scenario:

Estimate the co‐benefits of 10‐year programme 
 to introduce 150 million low‐emission 

 household cookstoves in India



Indian Stoves – Traditional and Modern

Gasifier Stove with Electric Blower
(battery recharged with 

cell phone charger)

Traditional Biomass Stove

Per meal

~15x less
black carbon and

other particles

~10x less ozone
precursors

~5x less carbon
monoxide

Presenter
Presentation Notes
Note that these are just examples of both types.  The reductions of pollution emissions are what are typically found in lab settings for a range of stoves of these general types.



Cookstove Scenario Assumptions:

• All health impacts from stoves can be seen 
 immediately  

• Population size, household size, disability 
 adjusted life years (DALYs) and death rates 
 change linearly

• Population receiving stoves uses them 
 consistently & the stoves function well through 

 out the time period



Population Exposed to with Clean Stove Intervention Programme



Disease Outcomes Assessed:

• Acute Lower Respiratory Infection (ALRI) in 
 children less than 5 years of age

•Chronic Obstructive Pulmonary Disease (COPD) 
 in adults older than 30 years of age

•Ischaemic
 
Heart Disease (IHD) in adults older 

 than 30 years of age



ALRI < 5 years

Presenter
Presentation Notes
This and the next two slides show how the health benefits of the program would accrue over the ten years.  They take into account the “natural” reduction in biomass fuel use through economic growth and the expected changes in population structure and background disease rates over the period.



Chronic Obstructive Pulmonary Disease



Summary of Disease Burden Avoided

Presenter
Presentation Notes
Here is the total health benefit from the Indian ABS program – circled are the avoided premature deaths, which would total more than 2 million over the 10 years.   An interesting result is that as background health slowly improves in India, the major health benefits shift from children to adults.



Health Benefits Upon Completion, 2020



Key Message:

Sustained national programs to promote modern low‐
 emissions stove technology for burning of biomass 

 fuels in poor countries provide highly cost—beneficial  
 means to potentially:

•Avoid millions of premature deaths

•Avoid hundreds of millions of tonnes
 
of CO2

 

‐
 equivalent greenhouse pollutants

•Help countries achieve Millennium Development 
 Goals & climate targets

•Offer climate‐health link with respect to co‐benefits



Smith & Haigler, 2008

Current
Cost-effective
Region
In India

CO2 and methane only



Adapted from Parry, 2009

mitigate
adapt

suffer

Emission peak 2035; T 
 peaks 2100 at c. 3 deg C

The Co- 
benefits 
Potential

Presenter
Presentation Notes
Lecture at IIASA by Martin Parry, Sep 11, 2009: Trying to close the research loop between emissions/climate change/adaptation



Thank you

Six papers in the Lancet Nov 2009

Series on Health Benefits of Strategies to Reduce 
Greenhouse Gases

• Health implications of the short-lived greenhouse 
pollutants.

• Household energy, UK and India



Thank you

Papers and presentations at my website

Google “Kirk R. Smith”
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