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MODULE 3: Atmospheric Aerosols 

Lecture 5: Health and Climatic Impacts of Atmospheric 

Aerosols: Importance of particle properties and implications

1. Health Impacts of Atmospheric Aerosols
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Air pollution and human health

1952: the “London smog disaster”
Air pollution 

O3, CO, NO2, SO2

aerosol

Buildings in Los Angeles’ Civic Center are barely 
visible from 1st and Olive Street on September 
14, 1955. (Los Angeles Times via Getty Images)

A woman takes advantage of a “fresh air task 
force” supplying air from outside Los Angeles 
in 1958. (Bettmann Archive via Getty Images)

1950s: Los Angeles smog

As many as 6,000 people attended a meeting to 
protest smog levels in Pasadena in 1954. (Allan 
Grant/The Life Picture Collection via Getty Images)
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1950s‐1960s: New York City smog

A photo of the 1966 New York City smog as 
seen from the Empire State Building on 
November 24, 1966 at 8:30 a.m. The photo, 
taken by Neal Boenzi, was published on the 
front page of The New York Times.

The 1966 smog wasn’t the first time that 
New Yorkers were forced to brave dangerous 
smog. The infamous smog emergency of 
1953 also took place in the fall.

April 1, 2013

in 2010

Based on a Study 
published in The 
Lancet.
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Tie, Wu, and Brasseur, 

Atmos. Environ., 2009 

“the dramatic increase 

in the occurrence of 

air pollution events 

between 1954 and 

2006 has been 

followed by a large 

enhancement in the 

incidence of lung 

cancer”

Aerosol extinction coefficient (AEC (Mm−1)) 

M
ortality of lung cancer (red dots; deaths/100,000 people)
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Aerosol capture efficiencies of the test specimen for nano and sub-micron 
sizes estimated under sealed fit condition on the full mask sampler.

Joshi et al., 2021, DOI: https://doi.org/10.21203/rs.3.rs-32527/v1

2. Effects of aerosols on radiation, 
cloud, climate and weather
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Aerosol Direct and Indirect Climate Effects

IPCC, 2007

Visibility 
reduction

Mt. Pinatubo June 1991
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Impact of Pinatubo aerosols on average global 
surface air temperature: ~0.5 °C!

June 12, 1991 eruption

Aerosol Indirect Climate Effects

Ramanathan et al., 2001.
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Aerosol Indirect Climate Effects

IPCC (1995) IPCC (2001)

IPCC (2007)

IPCC, 1995, 2001, 2007, 2013IPCC (2013)

IPCC (2007)
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2015

24

Key parameters controlling atmospheric new particle 
formation and implications for climate feedback processes

JBHN = J ([H2SO4], RH, T)

JTHN = … + [NH3]

JATHN = … + [Amines]

JIMN =  J ([H2SO4], RH, T, Q,  S0)

JTIMN =  J ([H2SO4], [NH3], RH, T, Q, S0)

Jnucl_org = … + [Organics]

Jpure_org = [Organics] + ions

…
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Questions/Comments ?

Negative climate feedback mechanism: CLAW hypothesis

Charlson, R. J., J. E. Lovelock, M. O. Andreae, S. G. Warren, Oceanic phytoplankton, 
atmospheric sulphur, cloud albedo and climate, Nature, 326, 655-661, 1987.

Solar activity and 
Earth’s climate

Little     Ice     
Age
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GCR CN CCN Radius of 
cloud drops

Solar 
activity

Cloud albedo

Precipitation
Earth’s 

Temperature Cloud cover

Yu, JGR, 2002

3. Other emerging research topics 
related to particles
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Non-tailpiple emissions

Are non‐tailpipe emissions more toxic than other 
types of PM?
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“Here, we present global simulations of atmospheric 
transport of microplastic particles produced by road 
traffic (TWPs – tire wear particles and BWPs – brake 
wear particles), a major source that can be quantified 
relatively well. We find a high transport efficiencies of 
these particles to remote regions.”
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“The medical community doesn’t yet fully understand aerosols and has 
been waiting for more evidence from a trial like this one,” said Milton, 
who will lead the project. “My hope is that we can address this persistent 
controversy that has held up our ability to respond to respiratory 
pandemics.”

Legionnaires’ disease 
has been increasing 
rapidly but the 
reasons are 
unknown!

Possible 
reasons?
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Legionnaires’ disease has been increasing rapidly but the 
reasons are unknown!

Interactions of 
aerosolized
droplets with 
weather and 
environments
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Paris commitment 
vs 

Paris target
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Boeing chief sustainability officer Chris Raymond:

“… We have to understand how 
to deal with contrail formation 
on a hydrogen fuel cell airplane. 
And we're studying that.”

 Multiple ground and flight tests 
planned for the mid-2020s; 

 Entry-into-service of a zero-
emission aircraft by 2035; 

 Net-zero carbon emissions for 
commercial flight by 2050.

Voigt et al., 2021

Photo by F. Yu, 1/11/2023
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Kärcher, Nature Communications, 2018

Kärcher, Nature Communications, 2018
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By Joe Pinkstone, 4/12/2021, From https://www.dailymail.co.uk/sciencetech/article-9461243/British-company-building-software-eradicate-contrails.html

Contrails form 
when the soot from 
the engine gets 
coated in water 
vapour and then 
freezes in the 
atmosphere. In 
high humidity 
regions this then 
leads to crystals 
which create 
contrail and these 
merge with clouds 
to form 'contrail 
cirrus' clouds. 
These clouds 
prevent heat from 
escaping and 
reflect it back to 
Earth, acting like a 
huge blanket.

Formation and radiative forcing of contrails: Media version of description

The problem here is that it is 
very difficult to model the 
nature of contrails coming from 
jet engines that burn hydrogen.
Finding out this information is 
rather urgent, as Airbus has to 
decide on a future direction.
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Kärcher, Nature Communications, 2018

Formation and radiative forcing of contrails: Scientist version of description

Geo-Engineering
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Paris commitment 
vs 

Paris target

First time chapter on SAI

“SAI and other 
solar radiation 

modification (SRM) 
approaches may 
therefore be the 

only option to keep 
the global surface 
temperature below 
the limit of 1.5 °C.”

“Multi-model comparisons reveal large uncertainties in 
forcing and surface cooling per unit of sulfur injected, 
which are attributed to differences in model complexity in 
representing key processes and details of SAI strategies.”
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Geo‐Engineering

Released on March 25, 2021

“The report says the U.S. Global Change 
Research Program (USGCRP) should lead the 
effort to establish and coordinate a solar 
geoengineering research program across federal 
agencies and scientific disciplines, with funding 
in the range of $100 million‐$200 million over 
the first five years.”

“Given the urgency of the risks posed by 
climate change, the U.S. should pursue a 
research program for solar geoengineering —
in coordination with other nations, subject to 
governance, and alongside a robust portfolio 
of climate mitigation and adaptation policies, 
says a new report from the National 
Academies of Sciences, Engineering, and 
Medicine. The report emphasizes that solar 
geoengineering is not a substitute for reducing 
greenhouse gas emissions.”
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Discussion: 

Based on what we have learned 
about aerosols in this module, 

(1) What are the possible 
approaches to implement 
these?

(2) What specific attentions 
that one needs to take care 
of?  
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150 m

500 m

2
0
km

Plume: < 1 kg, 50 cm‐3, 0.3 µm CaCO3

Small Scale Stratospheric Controlled Perturbation 
Experiment (SCoPEx)

Outcome: 
improved risk/efficacy assessment

53For comparison: 747 flight 1-2 kg aerosol / minute

• Experiment at 20 km altitude in stratosphere

• Duration less than one day

• Size of plume < 10km, ~1 kg material

• Injected material poses no risk

• First flight(s) platform test without injection

Small Scale Stratospheric Controlled Perturbation 
Experiment (SCoPEx) Operational Ground Tests

54
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Key knowledge points of Lecture 5:

1. Air pollution associated with atmospheric particles is known to 
impact human health. Air or aerosol transmission of coronavirus 
plays a role in the present pandemic and other diseases. 

2. The non-linear and complex dependence of new particle 
formation rates on key parameters may lead to important climate 
feedback processes that require further study.

3. Geo-engineering of Earth’s climate is an emerging research 
topics and many proposed methods involve aerosols. A clear 
understanding of key processes controlling relevant particle 
properties can help to design the cost-effective geo-engineering 
approaches.

4. Aerosol particles play an important role in a number ongoing or 
emerging research topics. 


