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Prisoner’s Dilemma

Prisoner A stays silent

Prisoner A betrays

Prisoner B stays silent

Each serves 1 month

Prisoner A: goes free
Prisoner B: 1 year

Prisoner B betrays

Prisoner A: 1 year
Prisoner B: goes free

Each serves 3 months



Greenhouse Gas Emissions

Country B Spends Money | Country B does not Spend
Money

Country A Spends Money Warming slows, both out Warming slows some, only
money A out money

Country A Does not Spend  Warming slows some, only  Warming continues,
Money B out money neither out money



How do we Break the Prisoner’s
Dilemma?
 The costs of controlling climate change are
local, while the benefits are global

 The costs of controlling air pollution are
mostly local, and the benefits are mostly local

e Can we find air pollution control strategies
that slow global warming?



Simultaneously Mitigating Near-Term
Climate Change and Improving Human
Health and Food Security

e Results of the UNEP Project



UNEP/WMO Integrated Assessment of Black Carbon and
Tropospheric Ozone

Substance Lifetime
Carbon Decades to centuries
dioxide and

about 20 per cent
will persist for many

millennia
Ozone 4 — 18 days
Methane 12 years
Black 3-8 days

carbon
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T IIASA ranked mitigation measures by the net GWP of their emission
changes (considering CO, CH,, BC, OC, SO,, NO,, nmVOCs, and CO,),
picked the top measures

%ﬂ‘i} Emission Control Measures in the Analysis

‘Methane measures’

. extraction and long-distance transport of fossil fuels (~25%)

. waste management; municipal, landfills & wastewater (~10%)
. agriculture; livestock manure & intermittent rice aeration (~5%)
(% reduction in 2030 relative to reference)

SEI




¥

-

HMaitmaore
Ciya

A

(e )
e

Diesel vehicles (particle filters+)

Coal briguettes replacing coal in
residential stoves

Pellet stoves & boilers replacing
residential wood burning in
industrialized countries

Black Carbon Measures

‘BC Measures’ that reduce emissions of black carbon and
dogier co-emissions (e.g. OC, CO)
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Clean-burning cookstoves in
developing countries

Modern brick kilns

Modern coke ovens

Ban of open burning of
agricultural waste




Air quality-climate interactions

Meteorology, emissions,
photolysis rates

Climate Air quality

Radiation absorption,
cloud interactions, albedo

Air pollutants Climate

Climate forcers
Emission

source

Air pollutants




Finding near-term solutions

Air pollutants Climate

Agriculture

e Mitigation measures targeting PM, . and ozone are employed around the world
 Those that target black carbon (BC) and methane may have climate co-benefits

What are the climate, health, and agricultural benefits of further
implementing climate-friendly air pollution mitigation measures
that have already been employed around the world?




UNEP/WMO Integrated Assessment of Black Carbon

and Tropospheric Ozone

e Screened ~2000 emission control measures in GAINS database

e |dentified 14 specific BC and methane emission control measures
based on potential benefits for near-term climate

e Examined 5 emission scenarios:

Present-day (2005)
2030 reference (business as usual)
Methane measures

Methane + BC Group 1 measures (technological —i.e. diesel
particulate filters, improving biomass cook stoves)

Methane + BC Group 1 + BC Group 2 measures (policy —i.e.
elimination of high-emitting vehicles and biomass cook stoves)

e (Calculated climate, health, agricultural, and economic benefits of
the 3 groups of measures



Near-term climate benefits

. Reference
LLGHG
mitigation

CH, and BC
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UNEP/WMO Integrated Assessment of BC and Ozone, 2011



Global and Regional Temperature Change Relative to the
Reference Scenario (hybrid modelling of GISS, ECHAM
informed by the literature)
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Methane measures:
Relatively uniform benefits,
low uncertainty

BC measures:

Larger benefits in North, greater
uncertainty for temperature (large
regional precipitation & glacial melting
benefits)

Reduced Arctic warming by 0.7°C by
2040 compared to the reference
Scenario, with measures taken
2010---2030. Mitigating ~2/3 of
projected 1.2°C warming
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Global and regional temperature changes due to widespread use of pellet stoves
and boilers in industrialized countries and coal briquettes in the residential sector in

China.



Global air quality and health co-benefits of

methane and BC emission controls

Methodology for outdoor health impact assessment:

A emissions -
CH,, BC, OC,
NO,, VOC, CO,
so,, CO,

Two global composition-

climate models

GISS-PUCCINI (2°x2.5°),
ECHAM-HAMMO?Z (2.8°x2.8°)
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A PM, . and
ozone-related
mortality

A PM, 5 and ozone 1 pownscale to 0.5°x0.5°
concentration based on population

2. Health impact function

AMort = (L-e ™ )x Popx Y,

B = concentration-response factor

AX = change in PM,  or ozone concentration
Yo = baseline mortality rate
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 Models give PM, : and ozone concentrations for health and crop
yield impact assessment

» Concentration-response relationships from literature used to
evaluate global impacts

Exposure of wheat to ozone
in Pakistan
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Relative Risk of Death
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Premature deaths (millions)

Change in PM, . and ozone-related premature deaths

]
| —

1
I

1
W

1
D

relative to 2030 reference

| - Associated ozone precursor and OC reductions

BC measures contribute 98% of all avoided deaths

- Stronger mortality relationship for PM, .

Methane measures Methane and BC Group 1 All measures
measures

mGISSPM2.5 [TECHAMPM2.5 mGISSO3 [ECHAM O3
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Premature deaths (millions)

1
N

Change in PM, . and ozone-related
premature deaths relative to 2005

>80% of health benefits
occur in Asia
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In some regions, the measures reverse

trends of increasing air pollution
concentrations and mortality

Africa East Asia, SE Asia & Latin America & N. America & South, West &
Pacific Caribbean Europe Central Asia
m 2030 reference, GISS 12030 reference, ECHAM

B Methane and BC measures, GISS [ Methane and BC measures, ECHAM



So far | have Spoken about Climate

 What about health and food security?

* Crop benefits are substantial — could avoid
loss of 52 million tonnes (30-140 million) of
maize, rice, wheat and soybean, each year

 The identified measures are all currently in
use in different regions around the world;
much wider and more rapid implementation is
required to achieve the full benefits



In Addition

 Experimental studies show that grains grown
in higher CO2 atmospheres have lower Zinc
and lron content

e Zinc deficiency is widespread in the
developing world and accounts for a
substantial burden of disease



Benefits of mitigating short-lived climate forcers

Climate change Human health Food security
CHy CH,+BC CHy4 CH4+BC CH, CH4 +BC
measures measures measures measures measures measures
0 0 0
0.5
0.1
1 25
0.2 15
50
2
0.3
2.5 —_ 75 —
0.4 3 |
e C_ 35 | 100 —
4 I
4.5 —
0.7 —_— 5 150
Global mean Annually avoided Annually avoided
avoided premature crop yield losses
warming in 2050 deaths (total maize,
(°Q) (million) rice, soybean
and wheat,

million tonnes)



Not Included

e Direct impacts of temperature on health
e Direct impacts of temperature on crop yields



What do we know about the Direct
Effects of Temperature?



 We have a large number of time series studies
which look at day to day changes in weather
and day to day changes in mortality

e They show more people die when it gets hot,
and more people die when it gets cold

 What does this tell us about what will happen
as the climate changes?



Nothing

Why?

In cold cities it needs to get a lot colder before
people start dying

In hot cities it needs to get a lot hotter before
people start dying

So what happens when these cities get
warmer?



Options

 Nothing, people adapt
e Something

— More deaths (more heat waves)
— Fewer deaths (fewer cold spells)



We Studied 50 US Cities

* Looked at the effect of the coldest 1% of days
in each city

 And the hottest 1% of days in each city
e Compared to the rest



Extreme cold effect

Extreme heat effect

New York City, NY
Chicago, IL
Boston, MA
Houston, TX
Detroit, Ml
Pittsburgh, PA
Philadelphia, PA
Atlanta, GA
Cleveland, OH
Seattle, WA
Baltimore, MD
Dallas, TX

St Louis, MO
Minneapolis, MN
Sacramento, CA
Columbus, OH
Milwaukee, WI
Cincinnati, OH
Birmingham, AL
Oklahoma City, OK
San Francisco, CA
Washington DC
Kansas City, KS
New Haven, CT
Portland, OR
Nashville, TN

New Orleans, LA
Tulsa, OK

Denver, CO
Charlotte, NC

Salt Lake City, UT
Jersey City, NJ

Y oungstown, OH
Spokane, WA
Albuquerque, NM
Canton, OH
Austin, TX
Greensborough, NC
Colorado Springs, CO
Provo, UT
Boulder, CO

Terra Haute, IN

Summary
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New York City, NY
Los Angeles, CA
Chicago, IL
Houston, TX
Mami, FL
Pittsburgh, PA
St Louis, MO
Boston, MA

San Diego, CA
Atlanta, GA
Detroit, Ml
Baltimore, MD
Philadelphia, PA
Broward, FL
Phoenix, AZ
Cleveland, OH
Dallas, TX
Tampa, FL
Kansas City, KS
Honolulu, HI
Minneapolis, MN
New Haven, CT
Milwaukee, W1
Cincinnati, OH
Columbus, OH
Washington DC
Birmingham, AL
Orlando, FL
Oklahoma City, OK
New Orleans, LA
Nashville, TN
Austin, TX

Tulsa, OK

Salt Lake City, UT
Albuquerque, NM
Jersey City, NJ
Charlotte, NC
Greensborough, NC
Y oungstown, OH
Canton, OH
Provo, UT

Terra Haute, IN

Summary
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So it looks like

* The effects of the
coldest 1% of days are

the same everywhere in
the US

 So warming the winter
is unlikely to reduce
deaths

e The effects of the

hottest 1% of days
differs substantially
across US cities

So even if we use the
dose-response from city
A which already has
the predicted
temperature for city B,
we will expect changes
in mortality



Cohort Study of Medicare Participants
In 135 US Cities

* Follow a population over time and look at life
expectancy

e What is the Exposure?

— Problem

— Life expectancy in Finland and Greece is about the
same

— Possible Answer

— Variability of summer temperature predicts
mortality differences



Statistical methods for Cohort Study

e Problem

e Temperature variability increasing, mortality rates
decreasing over time

e Remove time trends in each city, and examine whether
year-to-year variations in summer temperature standard
deviation correlates within each city with year-to-year
variations in survival.

 No confounding across city, or by time trend within city



Table 2. HR and 95% d for a 1 °C increase in yearly summer
temperature SD across 135 US cities in each of the four cohorts

studied, 1985-2006

HR 95% Cl

COPD 1.048 1.029-1.067
Diabetes 1.055 1.035-1.076
Mi 1.050 1.030-1.069
CHF 1.038 1.024-1.052
Adjusting for ozone

COPD 1.037 1.019-1.055

Diabetes 1.040 1.022-1.059

Mi 1.038 1.021-1.055

CHF 1.028 1.013-1.042
Adjusting for heat waves

COPD 1.069 1.052-1.087

Diabetes 1.076 1.058-1.095

Mi 1.073 1.055-1.091

CHF 1.061 1.047-1.076
Adjusting for ozone and heat waves

COPD 1.064 1.044-1.083

Diabetes 1.052 1.036-1.069

Mi 1.071 1.051-1.092

CHF 1.065 1.047-1.083

Zanobetti et al.



Risk Assessment Questions

e How does this extrapolate across time?
* How does this extrapolate to other places?
 What about Equity?

— Suppose there are high risks in subgroups of the
population?



Medina Ramon et al Studied 50 Cities,
8 million deaths

e Case only analysis for effect modifiers
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Distribution of vulnerability to heat
waves

New York City
Cumulative heat vulnerability index values
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