ATMOSPHERIC POLLUTION IN THE
MEDITERRANEAN: SOURCES
AND IMPACT ON AIR QUALITY, HEALTH
AND CLIMATE

&%y University of Crete
£/ National Observatory of Athens




Thanks to

* Profs. J. Lelieveld (MPI, Germany),
J. Sciare (Cyl, Cyprus), M.
Vrekoussis (Bremen, Germany)

* Drs. G. Kouvarakis, K. Bougiatioti ,
C. Theodosi, D. Paraskevopoulou



THE NEXT GOLDEN STATE: A 16-PAGE SPECIAL REPORT ON AUSTRALIA

| The
Economist

MAY 28TH-JUNE 3R0 2011 Economist.com

Obama, Bibi and peace

Huntsman blows his horn

" A soft landing for China

The costly war on cancer

How the brain drain reduces poverty

=
THE INTERNATIONAL WEﬁURNAL OF SCIENCE

CH"‘??

LLEAT
MENT X;llliE:(:lJM/NMUHE
TAKING IT b

PERSONALLY S

How English became the Model the growing
academic lingua franca interconnectivity of risk \

PAGE154 PAGE 151
-

BUILDING
BRIDGES

Long -standing disputes
can be fixed — in theory
PAGE148

SCIENTIFICALLY
SPEAKING

P

The Anthropocene is proposed as the new geological epoch where human-influence will
dominate the fossil records. There is overwhelming global evidence that atmospheric, geologic,
hydrologic, biospheric and other Earth system processes are now modified by human activity.
(E. F. Stoermer and P. J. Crutzen 2001 IGBP)[Slide courtesy of J.P.Burrows]




Air pollution : First environmental concern of EU citizens

Air pollution

Water pollution (seas, rivers, lakes and underground sources)
The impact on our health of chemicals used in everyday products
The growing amount of waste

Depletion of natural resources

Agricultural pollution (use of pesticides, fertilisers, etc.)

Shortage of drinking water |G 27
Loss or extinction of species and their habitats and of natural ecosystems (forests, fertile soils) [ ENERNRNKHIINEEEE 3¢
Our consumption habits | I NEEEGE_——— -
Urban problems (traffic jams, pollution, lack of green spaces, etc) [ ERNRNRNRNEGEGEG 0
Land take (i.e. that more land is used to build roads or cities, and that cities expand into the I 5
surrounding countryside)
Noise pollution NG 5
Soil degradation [N (3
The spread of harmful non-native plants and animals (invasive species) [INENRNREE 11°
Other (SPONTANEOUS) W 1%
None (SPONTANEOUS) [l 1%
Don'tknow | 0%

(MAX. 5 ANSWERS)

Source: Special Eurobarometer 416 (2014)
Attitudes of European citizens towards the environment
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Air pollution : What are we talking about ?
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Aerosols : Health impact (1/2)
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) : v' The surface area of human lungs in

v' The smallest partlc_les (< 100nm) go deep in contact with ambient air is equivalent
the human bronchial (alveoles) to the superficy of a tennis court

v" In polluted areas, Black Carbon are among
the smallest particles (< 100nm) and have
been classified recently by WHO as
cancerogenic




Annual premature mortality attributable to air pollution
Individuals per 100 X 100 km? — Globally 3.3 million/year
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Annual mortality attributable to air pollution (individuals per 100 X 100 km? )




Premature mortality attributable to air pollution

PM, < mortality 3.16 M/yr
O, mortality 0.14 M/yr
Total 3.30 M/yr (95%Cl = 1.61 — 4.81 M/yr)

(statistical uncertainty &==50%)

Cerebrovascular disease (stroke) 1.31 M/yr
Ischemic heart disease (heart attack) 1.08 M/yr
Chronic obstructive pulmonary disease 0.52 M/yr
Lung cancer 0.16 M/yr

Acute lower respiratory illness (<5 years) 0.23 M/yr



Aerosols : Health impact (2/2)

Predicted average gain in life expectancy (months) for persons 30 years of age and
older in 25 Aphekom cities for a decrease in average annual level of PM,; to 10 pg/m?
(WHO'’s Air Quality Guideline)
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Mediterranean regiomn
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Human exposure to air pollution in the Mediterranean

Population around the Mediterranean (2000)

e

Fraction of population per continent
in the Mediterranean

m 1950 m2011 12050 (estimated)

40%

20%

0%
Africa Europe
© Gérard-Frangois Dumont - Chiffres PRB 2012.

(Source: Géopolis)

v'A high anthropogenic pressure around the
Mediterranean with almost half a billion of

Inhabitants
v' A strong increase of the population in the Southern

and Eastern Basin with today more than half of the

Mediterranean population leaving out of Europe (V.
Afvirnca rnnnd MiAdAdly L ocot)
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Climate Change & Air pollution

Halocarbons
N20

HFCs

I
Sulfate _ Black carbon
(direct) (snow efbed‘o)

I
Organic carbon _
(direct)
1

N;Iineral dust -

Cloud albedo effect

Surf:aoéI albedo _
(land Iuse)

Black carbon
S0z

Organic carbon
Mineral dust
Aerosols

Aircraft

Land use

Solar irradiance

(direct emissions)
(CO2, CH4, CFCs, N20)

Emitted from short lived gases
(CO, NOx, NMVOC)

(air + snow)
= Black Carbon is the second greenhouse
compound after CO2 111

(sulfate, organic,
dust) & cloud interactions



It is thus important to:

A ,
the'  mechanisms - m
controlling: local and regional

OUTPUT

pollution on the
transport and transformations of
trace to the Mediterranean

Composition and origin of
pollutants (particles and gases)

To) understand the)l interactions, and
teedbacks pollution, climate

and human health.




Information needed £trom all scales:
SPATIAL: Local > Regional>Global

ug/m?

% Urban areas

LOCAL SOURCES

(TRAFFIC FOR EX.)

Y Y

URBAN BACKGROUND ¢#

REGIONAL BACKGROUND (IMPORT)

Need for simultaneous measurements in
natural and urban Iocations.



Information needed £rom all scales:

1.
2.
3.
4o

TEMPORAL: Short - long term

400,000 350,000 300,
YEARS before today (0 = 1950)

To understand

To predict (reducing uncertainties)
To provide evidence

To propose mitigation strategies




Monitoring stations
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EU legislation on PM, . and PM,,

Annual mean (2013) concentrations of PM,,
calculated with the EMEP/MSC-W model
(colour conours) and observed at EMEP
monitoring network

Annual EU limit PM,, =

40ug/m3
In the Southern Europe PM,, are

elevated and any extra (small) PM
emissions may put PM10 above EU
limits

(a) PM,, [ug m~3]
http://emep.int/publ/reports/2015/EMEP_Status Report_1 2015.pdf
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Air pollution & Climate Change in the Mediterranean

The Mediterranean: A major climate Hot Spot region

O The Mediterranean is one of the two main Hot Spot regions of the climate change

Regional Climate Change Index, 20 models, 3 scenarios
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Climate Change & Air pollution in the Mediterranean

Global temperature and its
relationship with carbon
dioxide for the years 1860-
20009. - Updated from Karl and
Trenberth, 2003.
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(Baseline period: 1961-1990)
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—— May-Sep Temperature

Climate Change between 1980-2010
World : = +0.5 degree C
Eastern Mediterranean = +1.5 degree C !!!
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Regional climate models at the Cyprus Institute
Coupled Model Inter- comparlson Project Phase 5 — CMIP5:

Precipitation projections

"= Winter will become dryer
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Heat waves are major weather-related cause of premature mortality

Relationship between temperature extremes and cerebrovasular
disease (stroke) and ischemic heart disease (heart attack)



Probability

Probability distribution (PDF) of daytime
temperatures in summer (June — August)

— 1961 -1990 Nicosia
- 2010 - 2039

— 2040 - 2069

— 2070 - 2099
15 20 25 30 35 40 50

Temperature (°C)




Regional climate models at the Cyprus Institute

requencies of summer (JJA) maximum temperature anomalies (%) -HEAT WAVES-
Blue is for the reference period 1961-1990 (centered around 0°C)
Red is for 2070-2099
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Mediterranean Intensive Oxidant Study (MINOS)
Crete, summer 2001







40E

30E

10E

MT

Z
(@)
4

30N

20N






Model calculation of pollution transport from South Asia (Lawrence
et al., 2002).

Thunderstorms in the summer monsoon carry pollution to the
Mediterranean at altitudes above 8-10 km (the upper troposphere).



, Sardinia (40°N, 8°E) ~ Crete (35°N, 25°E)
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Pressure (hPa)

West Europe - West Europe

Pressure (hPa)

5 10 15 20 25 30 5 10 15 20 25 30
Day Day




Pressure (hPa)

‘©
R
L
S’
)
-
-
N
N
O
-
o

5 10 15 20 25 30 5 10 15 20 25 30
Day Day




Air Pollution In the E. Mediterranean:
As observed from satellites

AQUA/ MODIS-deried, 2003-2010 mean

AOT at 550 nm (Nabat et al., AMTD, 2012) x . . .
A region having very high aerosol loading

4| being responsible for large direct radiative

LATMOS-ULB
EUMETSAT
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Ozone at the Earth’s surface in summer (June — August)
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Abrupt trend changes in atmospheric NO, observed from space

NO, column densities in 101> molecules/cm? during period 2005 — 2014
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NO, changes in 10> molecules/cm?

2005 to 2010

2010 to 2014




2014 to 2015
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TRENDS in the W. Mediterranen and E.
Mediterranean from measurements of
particulate and gaseous precurors



ClﬂARmEX

The Mediterrannean Atmospheric Network
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CORSICA: Trends of the Main Gases and Aerosols
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CORSICA: Trends of the Main Gases and Aerosols
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CORSICA: Trends of the Main Gases and Aerosols
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Rain Finokalia™
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Trace gases characterization: Ozone
(Agia Marina)

Ozone (O,) variability
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No trend observed

Kleanthous, Vrekoussis et al., 2014, Local emissions impact on
STOTEN ozone levels is small




Trace gases characterization: Ozone
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ICOS
(Integrated Carbon
Observation System)




Greenhouse gases measurements at Finokalia Crete
(Courtesy M. Ramonet, LSCE, France) EU ICOS network
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Conclusions



°N Lower troposphere strongly polluted by European
emissions

Upper tropospheric pollution from S-Asia even
penetrates the lower stratosphere

Continuous = monitoring of atmospheric
composition using a combination of ground
based stations, satelites and UAVs.

49.3+/-7.8

Ozone 8-hourly air quality limit exceeded over
entire Mediterranean throughout summer

r May Jun Jul Aug
1997 - 2012

Important health issue of aerosol levels around
Mediterranean especially under severe dust
events. Atmospheric pollution causes strong
climate forcing.
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