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Chapman mechanism (1930)
The Chapman mechanism for stratospheric ozone

(1) O,+hv>0+0 (A< 240 nm)
(2) O+0,+M>0O;+M (2x) (fast)
(3) O;,+hv>0,+0 (fast, A< 320 nm)

(4) O,+ 0> 20,
O, famlly (odd oxygen molecules)
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Catalytic ozone loss - NO,

The O, sinks attributable to NO, and HO, are sufficient as

complement to the Chapman mechanism to account for the
observed natural ozone levels (1970-ies).

Before the discovery of the ozone hole!

Paul Crutzen
shared the Nobel

prize in Chemistry
1995 >\

Tropopause .......... .. ..........................................................

N,O stable infthe troposphere
Biogeosphere
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Total ozone change (DU)

Stratospheric ozone - Recovery

Global total ozone
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Filtering of UV by stratospheric ozone

UVc (200 < A <280 nm)
O, photolysis: A <240 nm

UVDb (280 < A <320 nm)
O, photolysis: A < 320 nm

UVa (320 < A <400 nm)
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Production of the hydroxyl radical OH

Production of O(*D) occurs in a narrow
wavelength band between 300-320 nm.

Tropospheric ozone is both good and
bad.

Ozone is needed to produce OH radicals
via

O,+hv=> 0,+0(!D) and O('D) + H,0 = 20H

OH is essential for the oxidizing
capacity of the troposphere and the
lifetime of trace gases.

High levels of ozone are dangerous to
humans, plants and and materials.

Tropospheric ozone is a GHG

Oxidation - troposphere
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Photostationary equlibrium for ozone

In a sunlit atmosphere with NO and NO, but without
hydrocarbons:

(11.11) NO, +hv=2>NO+0O (41<420 nm)
(10.2) O+0,+M=>0,+M (only way to produce O,)
(11.14) NO + O, 2 NO, + O,

Net reaction: hv
NO, + O, < NO + O,

A photostationary equilibrium exists.
More sun light (1< 420 nm) gives more ozone O.,.

NO consumes ozone. In the vicinity of strong sources of NO, then
O, Is titrated out and can be entirely depleted (e.g. close to a
smoke stack or the tail pipe of a car.)

Ground-level ozone



Shifting the equilibrium towards more ozone

Hydrocarbons are needed to shift the equilibrium to the right,
that is towards a higher ozone production.

Hydrocarbons consume NO (by producing peroxyl radicals HO,
and RO, , which in turn react with NO).

More sun light (1< 420 nm) gives more ozone O.,.

hv
NO, + O, < NO + O,

Prerequisites for high ozone levels:
* Sun light (1< 420 nm)
 Hydrocarbons
* Nitrogen oxides (NO,)

Ground-level ozone



The troposphere is an oxidizing medium

NO, and solar radiation controls the production of O, , which in turn
controls the production of HO, radicals, which in turn controls the
oxidizing capacity of the troposphere and the lifetime of trace gases.

hv
Th Iso oth f
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HO, radicals

Oxidizing capacity of the troposphere

Oxidation - troposphere




o, Oxidation of hydrocarbons

IS AVAVA NO Hydrocarbons are com-
O NO, Y busted in the presence of
3 nitrogen oxides NO,
hl‘_l/‘(’)\/\/‘ under solar radiation and
’ OH HO.,, |results in O, formation.
Fast
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CH, = HCHO = CO > CO,

methane C(-IV) -> formaldehyde C(0) - carbon monoxide C(II) -> CO, C(IV)

O, O,
hv
NO hv NO hv NO
03 NO, : o NO, : 03 NO, :
hv hv hv
“° ToH Ho, HMOH HO, H:OMOH HO,
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Regimes for ozone production
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OZONE CONC (PPB)

Hemispheric background levels of ground-level ozone
have increased by ~5 ppb per decade the last 20-30 years.

Data from the station Mace Head on the west coast of Ireland.
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Health Effects of Air Pollution in Europe (EU-28)

*
*

*
Source: EEA, "Air Quality in Europe - 2014 Report” *

*
* 4K

The EEA recently estimated (EEA, 2014) that

the health impacts attributable to exposure to fine particulate matter
(PM2.5) in the EU-28 were responsible for around

430°000 premature deaths annually.

The health impact of exposure to O, concentrations on
the EU-population was estimated to be about

16’160 premature deaths per year.

‘ R\
European Environment Agency ":; _)

http://www.eea.europa.eu/publications/air-quality-in-europe-2014



Damage cost of air pollution in Europe
(2010) and policy response

Source: ” EC, 2013: Impact assessment for new policy package to clean up Europe's air”

Damage cost of mortality — at least EUR 330 billion

Direct economic damage - EUR 15 billion from workdays lost
Direct economic damage - EUR 4 billion in healthcare cost

Direct economic damage - EUR 3 billion crop yield loss

i AV
European Environment Agency ‘:}_)



Acidifying
substances

Eutrophying
substances

Ground-level
ozone

Primary PM

Air pollutant emissions
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CCAC

CLIMATE AND CLEAN AIR COALITION
TO REDUCE SHORT-LIVEDCLIMATE POLLUTANTS

nd highly energetic global campaign

=

/ Rodham Clinfon, United Sfates

ary of State H///a/;,
(XX
http://www.ccacoalition.org/
First Actlons of the Coalition Actors Short-Lived Climate Pollutants

UN Environment Progr:

Welcome

Pollutants that are short-lived in the atmosphere, such as black
carbon (or soot), methane and some hydrofluorocarbons

(HFCs), can have significant harmful health and environmental
impacts and are responsible for a substantial fraction of current
global warming. Recognizing that mitigating these short-lived
climate pollutants is critical to addressing climate change in the
near-term, a number of countries and the United Nations
Environment Programme have formed the Climate and Clean Air
Coalition to Reduce Short-Lived Climate Pollutants, the first effort
o treat these poliutants as a collective challenge. Its work is
complementary to global action to reduce carbon dioxide, in
particular efforts under the UNFCCC.

Key Publications

Near-term Climate Protection and
Clean Air Benefits:

Actions for Controlling Short-Lived
Climate Forcers

AUNES Sthwin Rpirt

CCAC - Climate and Clean Air Coalition

Short-lived Climate Pollutants (SLCP)

http://www.smhi.se/slcp




The Convention on Long-Range

Transboundary Air Pollution
CLRTAP

http://www.unece.org/env/Irtap/welcome.html

Now 51 Parties (countries)

Under UN-ECE (United Nations Economic
Commission for Europe)

Since 1979 the CLRTAP has addressed
some of the major environmental problems of
the UNECE region through scientific
collaboration and policy negotiation.

The Convention has been extended by eight
protocols that identify specific measures to
be taken by Parties to cut their emissions of
air pollutants.

8th protocol (Gothenburg):

The 1999 Protocol to Abate Acidification, Eutrophication
and Ground-level Ozone; 25 Parties.

Entered into force on 17 May 2005.

The aim of the Convention is that Parties
shall endeavour to limit and, as far as
possible, gradually reduce and prevent air
pollution including long-range
transboundary air pollution.

Currently, the Convention's priority activities
include review and possible revision of its
most recent protocols, implementation
of the Convention and its protocols across
the entire UNECE region.

Summary 18



Will the environmental quality objectives be achieved?

http://miljomal.nu/

Forecast Trend

Forecast Trend

OBJECTIVE for 2020 OBJECTIVE for 2020
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* Target year 2050, as a first step
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A Balanced Marine
Environment, Flourishing
Coastal Areas and Archipelagos

Thriving Wetlands

Sustainable Forests ...

A Varied Agricultural Landscape

A Magnificent
Mountain Landscape

A Good Built Environment

A Rich Diversity of
Plant and Animal Life
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Main messages
IPCC AR5 WGL1 - 27 Sept 2013

« Climate (continues) to
change

e ItIs our fault

* To mitigate climate
change, we need
forceful actions — and
fast!

http://www.naturvardsverket.se/Om-Naturvardsverket/Publikationer/ISBN/6500/978-91-620-6592-8/
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Cooling Heating

Components of Radiative Forcing

Intergovernmental

o, | peeeeesssssssss== -  Panel on Climate

Change

5th Assessment Report

2013
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SLCP: Short lived
climate pollutants




History of Climate Modelling

Aerosols and atmospheric chemistry has only recently been
introduced in global climate models.

Still very crude representations.

' Overturnin :
Rivers LY¥eTtinng Interactive Vegetation
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Arctic summer sea ice extent
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A constant supply of heat through the ocean surface at the rate of 1 W m=2 for 1 year would
increase the ocean heat content by 1.1 x 1022 J.




Sea lce Extent
09/03/2008

Arctic Sea Ice Extent
http://nsidc.org
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http://nsidc.org/images/arcticseaicenews/20080904_Figure1.png

Most climate models predict
rapidly increasing temperatures in the Arctic
during the next century.
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 Shrinking land ices
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Global average sea level change
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Global Carbon Budget

Emissions to the atmosphere are balanced by the sinks
Averaged sinks since 1959: 44% atmosphere, 28% land, 28% ocean

Datai CDIAC/NIOAA—ESFIEL/GCP/JoIos et al 2913/Khativx|/ala et al 2|013
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Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;
Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://www.atmos-chem-phys.net/13/2793/2013/acp-13-2793-2013.html
http://www.biogeosciences-discuss.net/9/8931/2012/bgd-9-8931-2012.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

N
crosaL{carson Carbon intensity of economic activity - global

PROJECT

Financial crises have had little lasting effect on emissions growth
Global carbon intensity has returned to a phase of improvement after stalling for some years

Data: CDIAC/GCF/IEA/IMF/Peters et al. 2012
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

Humans are the cause of climate change
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What matters are near the future CO, emissions

RCP2,6
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Temperature anomaly relative to 1861-1880 (°C)

Cumulative CO, emissions determine
global temperature change

Cumulative total anthropogenic CO2 emissions from 1870 (GtCO5)
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SISO 5 . ¢
Methaods for environmental
monitoring, 7.5 p FKF100-

About different environmental problems, particles, gases,
working environment problems, and so on.

In-the course you gain an understanding for the current
environmental issue, and how to construct a
measurement strategy to investigate it.

A project work is made, that includes the analasys of
environmental data and the investigation of how the
environment is affected. Real cases!
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mailto:Adam.Kristensson@nuclear.lu.se

What kind of particles are there in the air, and how can we measure them?
What happens when we inhale them? You can get an answer to these
guestions in the course Aerosol technology MAM242, 7.5 p. You will also
find out how particles affect our climate and their fate in the atmosphere.

Aerosol Technology is widely used in the medical branch and the nano
Industry.

- PM Inhalation
Lungs
* Inflammation
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susceptibility *» Effected pulmonary reflexes * Peripheral thrombosis
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accelerated progression of and + Increased cerebrovascular
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» Endothelial dysfunction
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Christina Isaxon, 046-222 39 35

Christina.isaxon@design.lth.se
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