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Temperatures are rising rapidly, following
iIncreases in CO, emissions and concentrations

1000 Years of Changes in Carbon Emissions,
CO, Concentrations and Temperature
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HOW GREENHOUSE GASES WARM OUR PLANET
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The global warming potential (GWP) of human-generated How much each human-caused
greenhouse gases is a measure of how much heat each greenhouse gas contributes to total

gas traps in the atmosphere, relative to carbon dioxide. emissions around the globe.
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Global greenhouse gas emissions and warming scenarios SUsGeE

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. inData
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
41-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

Current policies
550Gt . 12.8-3.2°C

- emissions with current climate policies in
place result in warming of 2.8 to 3.2°C by 2100.

Greenhouse gas emissions Pledges & targets
up to the present 25-28°C
emissions if all countries delivered on reduction
pledges result in warming of 2.5 to 2.8°C by 2100.
0 2°C pathways

1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of December 2019).
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.



Global Carbon Emissions

Billion tonnes CO2 per year Paris A0
agreement

Kyoto
protocol

: % In order to limit warming
\\ to 1.5 degree Celsius, the 30

United Nations ‘0 IPCC report recommends
"Earth Summit" in Rio S a pathway to "net-zero" ‘_
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STAYING BELOW 2°C: THE CHOICES WE FACE

Global
greenhouse gas
emissions
(GtCOeq)

With current pledges on the table to cut emissions, we are heading to a 3.3°C
warming future. No further action before 2020 will limit society’s choices.
As temperatures rise, so do the impacts.

90 AT RS TR T S '3-40c

80
70 Adaptation highly questionable
Unprecedented heat waves
60 2-3°C 20-30% increase extreme precipitation
50 Risk of global mass extinctions
40 Global crop decline
Significant Amazon dieback
30 Millions risk displacement by sea level rise
20 1.5-2°C Tipping point for Greenland Ice Sheet
10 ‘ High risks For regional food security
1.5°C Major risk to most coral reefs

0
Food production losses

1990 2000 2010 2020 2030 2040 2050
LEGEND — —

Extreme heat waves with severe societal impacts

www.climateactiontracker.orc

Ecofys | Climate Analytics | PIk




What is Leading Source of GHG Emissions in the US?

In 2017, transportation was the The vast majority of those

top source of greenhouse gases. emissions came from driving.
2.5 billion metric tons 2.5 billion
2.0 2.0
1.0
0.5 | PASSENGER VEHICLES
1990 2017 1990 2017

Charts show the carbon dioxide equivalent of greenhouse gas emissions. ‘Source: Environmental Protection Agency



https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2017

DARTE Annual On-road CO, Emissions on a 1-km
Grid, Conterminous USA, V2, 1980-2017
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Meeting the Paris Will Require 7%
Agreement Decreases Every
Target of 1.5 Year for 10 years

2020 Global
Emissions Fell by 7%

The US hés suspended
the enforcement of
environmental legisiation

Low Oil Prices

COVID-19 and Emissions: An Opportunity for Sustainable Global Health. Rajagopalan S, Jackson S et al. EH] 2021 (In press)



Emissions Influence Climate
Positive Proof of Global Warming

Positive proof of global warming.

" 18th ' ALY
Century 1900~ 1950 1970 1980 19,90




The Same emissions (other
than CO,) from the same
sources that affect global

warming.....also affect
global health!



The Focus Should be on Air Pollution

Black Carbon
Emissions

[] Power

[ Ships and aircraft
Bl Ground transport
Bl Industry

Household fossil fuel

Bl Household biomass fuel
Bl Agriculture waste

Forest and grassland

_




High public concern over Climate Risks to

Health
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health
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Globescan
poll in 30
countries
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Which ONE
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following
possible
impacts
most
concerns
you
personally,
if any?”



Impact of Climate Change on Human Health

njuries, fatalities, Asthma,
mental health impacts liovascular disease

Vialaric é(,.11g|:(_
Heat-related illness
and death,
cardiovascular failure

sncephnalitis, nantavirus
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Increasing
Allergens — Respiratory
allergies, asthma
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Water and Food Water
Supply Impacts  Quality Impacts

Malnutrition,

diarrheal disease

campylobacter, leptospirosis,
harmful algal bloom:



HYPOTHESIS

Choice of Policies With Short

Term Health and Ecosystem

(Climate) Co-Benefits Provide
Biggest Bang for the Buck

SHORT TERM POLLUTANTS

ANYTHING WITH CARBON RELEASED INTO THE ATMOSPHERE



ANthropogenic sources or AIr Foliution:
Implications for Warming and Cooling

Aerosols and CCN

BLACK CARBON

/

ANTHROPOGENIC SOURCES
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¢ m » extraordinarily complex

Composition Composition

Primary combustion Organic/elemental

— hydrocarbons carbon (hydrocarbon,
(PAH), metals, PAH); Metals, Inorganic
organic carbon ions: NH4-SO4, NO2

Sources Sources
Fresh automobile and Fossil fuel, Power,

combustion Industry . Traffic,

vision

Composition

Road dust, erosion
Agriculture sources
Biologics (pollen, spore)
Sources

Agriculture, Deserts
Distribution

Airborne for days
Distribute regionally

emissions, diesel
emissions

Distribution
Minutes to hours.

Distributes 100s of
meters

Biomass, heating,
cooking
Distribution
Airborne for days
Distribute regionally
(>1000 Km)




US Air Quality Regulations

 1970: EPA formed, Clean Air Act (Rrichard Nixon)

e 1971: NAAQS (National Ambient Air Quality Standards)

« 2006: Tightened NAAQS

Pollutant Day (ug:m-3) Annual (ug:m=3)
g PM, - 35 (was 65) 15 (no change) b
5 2013 35 (NC) 12

WHO PM, : 25 10




Global Trends in PM, :

2002
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Target 1998-2000 2010-20°12
Living Above WHO Interirn Target 1 of 3 51% 70%
Living Above WHO AQ Guidelineg of 10 62% 19%

Van Donkelaar et al. EHP October 2014



Key Point 1. Air Pollution is a Leading

Cause of Global CV Morbidity and Mortality




Estimates of Global Attributable Deaths from
Various Risk Factors

Disability Adjusted Life Years (DALY) %
0 1 2 3 4 5 6 7 8

High systolic blood pressure

Dietary risks
High fasting piasma giucose | [N

B chronic respiratory diseases
. Diabetes and kidney diseases
. Digestive diseases

Enteric infections

High body.mass incex IR B Corciovascuir discases

Tobacco

High LDL cholesterol Maternal and neonatal disorders

B Neoplasms
Kidney dysfunction @ Neurological disorders
@ Nutritional deficiencies
Child and maternal malnutrition . [ Other infectious diseases

Respiratory infections and

Non-optimal temperature Self-harm and interpersonal

viglence

DALYs= Years lived with
Disability + years of life
lost

Adapted from GBD 2019 Risk Factors Collaborators. Lancet 2020; 396: 1223-49



Revised Estimates of Outdoor Air Pollution
Mortality: Chemical Transport Models

» Qutdoor air pollution (PM:s) leads to 3.3
million premature deaths per year,
worldwide (predominantly in Asia)

 CVD and IHD top reasons for death

* Emissions from residential power/cooking
important in India/China; Traffic/Power in
US/Europe’ Agricultural in Russia

* Business as usual emissions=Doubling by
2050

namre

Lelieveld et al. Nature. 2015 Sep 17;525(7569):367-71



Public Health Importance of Myocardial
Infarction: A Comparative Assessment

Nawrot et al Lancet February 26, Vol 377; 732-40; 2011



Acute and Chronic Effects of PM
* Preponderant effects of PM Cardiovascular

« An acute (days) 10 pg*m? increase in PM2.5
elevates CV mortality by 1% (1 death / day / 5
million people). Predisposition important

* Chronic exposure increases risk by 2 10%

MACE 1.24 (1.09-1.41)
CV Death 1.76 (1.25 to 2.47
65,893 postmenopausal women 36 U.S. cities. NEJM 2007

1. Samet JM et al. Fine particulate air pollution and mortality in 20 U.S. cities, 1987-1994. N Engl J Med. 2000; 343:
1742-1749. 2. Dominici F et al. Mortality among residents of 90 cities. In: Revised Analyses of Time-Series Studies
of Air Pollution and Health. Boston, Mass: Health Effects Institute; 2003: 9-24. 3. Katsouyanni K, et al. Confounding
and effect modification in the short-term effects of ambient particles on total mortality: results from 29 European
cities within the APHEAZ2 Project. Epidemiology. 2001; 12: 521-23. 4. Pope CA et al. JAMA 2002; 287: 1132-41; 5.
Kaufman JD et al NEJM. 2007;356:447-58



Key Point 2. Even a little Dose of Air Pollution is

Bad from a CV Perspective!



What Dose Are We Talking About?: Dose
Response of Particle Exposure and CV Risk

PM mass inhaled per day

OR 3.0-4.0

*Inhalation rate of 18 m3/d and a
dose of 12 mg per cigarette and
ambient levels of air-pollution
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Reverse Log-Linear Dose-CV Response Relationship

2.5 -
(
Active
Smoking
(10-100 mg)
L 201
%’ .
£ oot
E ““‘-
3 SHS (1 mg) ‘ﬁ
.

El o’
2

1.5 *

$““
o’
Air pollutipon 'S 4
(0.1 mg) | B»°
1.0 I T T TTTTT I I T T TTTTT I I T T TTTTT I I
0.1 1.0 10.0 100.0

estimated daily dose of PM, ., mg



Ischemic Heart Disease (IHD) and Stroke Outcomes
with PM,

4 — 6 —
Low Exposure Full Exposure
- Range Range
o —
=3 &
S 5
o [
Oo_ Stroke, age 50 o _
S G Stroke, age 50
N (V] _———-————————--'
© I
I - - 2 4__*1— -
Ischemic Heart Disease, age - ____-_.-.- . .
50 - Ischemic Heart Disease, age
- 50
) == MR-BRT = MR-BRT
== GBD 2019 IER == GBD 2019 IER
0 — I I I I I O —_— I I I I I 1
0 10 20 30 40 50 0 20 40
0 0
PM; 5 PM; 5

(ng/md) (ug/md)

Adapted from GBD 2019 Risk Factors Collaborators. Lancet 2020; 396. (Appendix). Meta-regression Bayesian, regularized, trimmed (MR-BRT). In GBD 2019, for a selected set of continuous risk factors, we
modelled RRs using meta-regression; Bayesian, regularized, trimmed (MR-BRT), relaxing the log-linear assumption to allow for monotonically increasing or decreasing but non-linear functions using cubic

splines.



What are the mechanisms
relating PM to CVD?




Disturbance of activities, sleep, communication 2 _
- - Biologic Intermediates
) G Hyaluronan Fragments

Adhesion

cNOS = 7
9 a . ‘ , molecules
\ A uncoupllng o .

Heaithy
endotheium

1 Vasodilation

(“J“":;‘:l':.’::"*r) -

+ Proliferation
_ 1 Inflammation

~-

CHRONIC

INFLAMMATION ATHEROSCLEROSIS

L

CARDIOMETABOLIC DISEASE

Environmental stressors and cardio-metabolic disease: part [I-mechanistic insights. Munzel, Rajagopalan S et al.
Eur Heart J. 2017



Two years ago a new runway opened at
Frankfurt Airport and now there are ~5000
flights over the university hospital each month.
"The noise level has increased substantially
and this is not acceptable’, says Munzel.

Cardiopulse: http://dx.doi.org/10.1093/eurheartj/ehu089 821-825 First published online: 1 April 2014



Low Noise
No MACE

P

Amygdala

Aorta

High Noise
MACE

0.6+

=
o
1

o
N

0.0+

Amygdalar Activity (z-score)
B

p=0.001 for trend

Below the median 37 quartile 4t quartile
Noise Exposure Level

80~

704

60~

MACE-Free Survival (%)

504

100+
e —
90+

=== Noise < 45 dB
== Noise > 45 dB

4 P value < 0.001 log rank test

Number at risk

Noise > 45 dB 170 154

0 1 2 3 4 5
Time (years)

141 126 81 42

293 244 174 87

Noise £ 45 dB 328 315

Amygdalar Arterial

Activity Inflammation
Noise >45
dbA MACE

Osborne MT, Rajagopalan, Tawakol A et al.
Eur Heart J. 2020 Feb 1;41(6):772-782.




Coronary Atherosclerosis Progression With Air Pollution:

Insights from MESA-Air

Every 5 ug/m3 PM2-5 =4-1 Agatston units/year (95% CI 1:4—6-8)
Every 40 ppb Nox 4-8 Agatston units per year (0-9-8-7)

A B
Air pollutant 20
PM, - (5 pg/m?) —B— 15 //
g 104
>
NO, (40 ppb) B g
-
c
)
NO, (10 ppb) '—.— §, 04 3 California
< 3 lllinois
I Minnesota
o 1 Maryland
Black carbon* (0-5 pg/m’) ] New York
’ . = North Carolina
| — | P ) e T T T T T T T T T T 1
-4 =2 0 2 4 6 8 10 12 14 16 18 20
Agatston units per year Long-term average PM, . (ug/mv’)

Kaufman JD, Adar S et al. Lancet. 2016 Aug 13;388(10045):696-704




A T . .
» < ]| e« 45 subjects (14 with
e £ MS)
<2 * 120 minute exposure
§§ d to DE (200 png/m?3)
b ~ PM2.5
- i| « Double blind
T R - randomized cross-
Hours After Exposure Start over exposures
B i
= T - Effects rapid and
et i .. ] . persistent
g B "Bl Results similar to findings
25 from Mills et al (8 mm Hg
& 8 | A SBP 2 hours post
£ -2 * 1 1 alll exposure)
~a{ ' : : ' , . Mills Circ 2005

Hours After Exposure Start

Mean change in systolic blood pressure (SBP) from baseline.Cosselman K E et al. Hypertension 2012;59:943-948



PM2.5 Exposure Induces Widespread Transcriptional

Reprogramming
* Rowtsen ‘FAVSPM,, S Rgs16
3 Cyp7a1
8 Bhlhed1
&
i
&
- -
E Liver Muscle WAT BAT Hypo*
o
C +5
FAvs PM2s Enriched Chow vs HFD
Functional Terms o
&
Cancer (GO, IPA) F?tty acid -
progression biosynthesis
ROS Relaxation of Rgs16
Inflammation s Lipid muscle Socs3 . 8
Metal ion concentration
transport (Obese) Bmal1 ““ g
Cardiometabolic Circadian Rhythm Gluco- Circadian Rhythn e 7.4 k Cyp7ai
. neogenesis ;oo Ppp1r3d’
o coagulation -
tr
e -5 +5

QUniversity Hospitals Rangasamy P, Rajagopalan S et al, JCI 2020 Cleveland | Ohio 38

Harrington Heart & Vascular Institute
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Chronic PM2.5 Exposure Induces Circadian Disruption

Endocrine and nervous
system rhythms . .
Genotoxic . 24 hr Core circadian gene
o Liver Brown fat

sr?eortgl(; 9DFA -&LDPM 9LDFA @LLFA
S Bmalt mRNA -------- >
12- 129 18 ; 18;
1 y 1.4 14
o 4 - 4 10] . 10]
Oxidative/ reducti 7] q
‘metabolic cycles 0-4: 0'4: 08, 064
ool ey |8 | oo 021 N 1y L] 021
Physiologic homeostasis ERRC T L -
124 124 1.8: 1,8:
Transcriptiorial repressors 0.8- 0.8- 1-4: 1'4:
Molecular i ] 1.01 1.0
clock 04 04 061 0561
Transcriptional activators B CLOCK / ] y 02 02]
0'0Il||||||||||0-GIIII||||||||| Lok LT Lddn Bl Lozl Lek:isd Bk
E =
LL (FA vs PM2.5)
a0 %991 wemEnriched DARs ___LDFA __ LDPM2s _ LLFA _ LLPM2s
mm Depleted DARs | : o 1
3004
4000 <
w
2001 or
()
2000 I
100 =
0- 0-

Intergenic Intron Promoters Exon 5'UTR 3'UTR NC
Differentially Acessible Regions (DARS) -1kb +1kb  Distance from enhancer iScience 2020



Is the Future Bleak?




Avoidable excess mortality rate from air pollution

> 1000

>

Total: 3.61(2.96—4.21) x 10°/yr

2 = (A) Excess deaths
: that may be
" = avoided by the
3 phasing out of
< 5 fossil
B s/T* = (B)Byall
b S anthropogenic
¢ emissions.
E‘ ik Units: deaths per 1,000 km2/y.
The darkblue regions would profit more from Lelieveld J et al. Proc Natl Acad Sci U S A. 2019

removing fossil-fuel-related emissions Apr 9;116(15):7192-7197



Effects of removal of fossil-fuel-related and all anthropogenic pollution

emissions in Asia, Africa, and Central America.

Fossil fuel

Anthropogenic

xxxxx

100°E

100°E 120°E 120°E

Fossil fuel Anthropogenic
15°N
10°N

5N —Jxxx

5°S

10°wW  0°

10°E 20°E 30°E 40°E

10°W  0°

10°E  20°E  30°E  40°E

Fossil fuel Anthropogenic

90°W  80°W 70°W 60°W  110°W 100°W 90°W 80°W 70°W 60°W

110°W 100°W

20 %

0%
F-20 %

-40 %
-60 %
<-80 %

>50 %
30 %
10 %
-10%
-30 %

<-50 %

>50 %

30 %

10 %

-10 %

Phaseout of air pollution
emissions leads to

substantial precipitation
increases throughout the
planet

Fractional precipitation changes at
the surface. Effects from the
removal of fossil-fuel-related a

nd all anthropogenic pollution
emissions in Asia,

Africa, and Central America

Lelieveld J et al. Proc Natl Acad Sci U S A. 2019

Apr 9;116(15):7192-7197



Reduction in Air Pollution and
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Lessons Learned...

The rapid response and high levels of
compliance/commitment shown in this

crisis tells us that we can change our
behavior.....

U
University Hospitals Cleveland | Ohio 45
Harrington Heart & Vascular Institute
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DRAMATIC COST DECLINES ARRIVED
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http://www.2035report.com/

CLEAN ELECTRICITY IS THE ROAD TO RECOVERY

Economic
recovery opportunity

Jobs and infrastructure

No increased costs for
customers



http://www.2035report.com/

» Switch coal-fired power plants to low-polluting renewable energy sources such as wind,
tidal, geothermal, and solar. These
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* Promote use of low-emission and zero-emission vehicles, Reduce sulfur content of
motor fuels, Restrict trucks from city centers, encourage active transport (walking and

J cycling)

* Diesel particle traps, catalytic converters, alternative fuels (natural gas, electric cars)
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» Land use assessment, minimum distances between sources and people, relocation of
traffic sources (including major trafficked roads), avoidance of mixed-use areas
(industrial-residential)

* Revenues raised through taxes can be directed to pollution control. Emissions trading
programs compensate companies who adhere to controls through credits that can be
traded akin to carbon credits

* Modifying priorities of climate change mitigation investments to a focus on near-term
health co-benefits. Focus on the imminent near term danger of health effects of air
pollution.

» Publicity and awareness campaigns through local data on air pollution within cities,
counties

» Hard-hitting media campaigns akin to smoking on media to mitigate lobbying by
industries involved in power and automobiles
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» Wearing face masks and installing air purifiers in homes

Reduce in-traffic
exposures

* Avoid commutes during rush hour

Reduce in-home
penetration of outdoor « Indoor air purifiers and closing windows; Air conditioners
air pollution

Lifestyle changes and * Exercise and healthy diet J Am Coll Cardiol. 2018 Oct 23;72(17):2054-207(
Preventive Medicine « Preventive medications and screening programs




Blood Pressure

PAI-1

HRV

Al-Kindi, S, Rajagopalan S. et al.
Nature Reviews Cardiology (May 2020)

Personal Protection Equipment
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Home air
filtration

Personal
face masks

Personal mitigation
of air pollution
health risks

Staying
indoors
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Dietary
supplements

Arterial Stiffness

Avoiding polluted
environments

Endothelial
Function

Inflammation
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Air Pollution and Climate Change

Emissions powerful determinant of global warming

Same emissions that cause cardiovascular effects like
heart attack and stroke also influence climate change

The discussion on climate change must include health
effects of air pollution as more immediately actionable

COVID-19 provides a unique opportunity to fast-track
climate change goals

Net Zero 2035 is possible given technological progress
and potential for infrastructure investment



Thank you for your attention!



