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\\Air Quality in the Alps - FACTORS AND PROCESSES
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plains and valleys up to the level of the highest Alpine peaks. (Courtesy of
\ Seibert, P. et al. 1996)

\

\ ' gaseous, liquid, particulate chemical compounds
in the ambient air




A\\ CLIMATIC REGIONS WITHIN
THE ALPS

1976-2000 Stuttgart

Precipitations: winter >> summer Mumich Vienna

Csb = Warm-summer Mediterranean climate

(coldest month above -3 or 0; all months average below 22
(°C)

Precipitations: winter >> sumimer

+
Ljubljana +

Cfa = Humid subtropical climate e Zagreb
(coldest month above -3 or 0; at least 1 month above 22 (°C)) ; ‘
Precipitations: no season differences

Cfb = Temperate oceanic climate
(coldest month above -3 or 0; 4 months above 10 (°C))
Precipitations: no season differences

Cfc = Subpolar oceanic climate
(coldest month above -3 or 0; 1-3 months above 10 (°C))

. . . n warm temper: boreal Ipin
Precipitations: no season differences — e  —
DfC - Subarctj_c Climate 8sh BSk Csa Csb Cfa Cfb Cfe Dic ET EF
(coldest month below -3 or 0; 1-3 months above 10 (°C)) Rubel, F, K. Brugger, K. Haslinger, and 1 Auer, 2017: The climate of the
Precipitations: no season differences European Alps: Shift of very high resolution Képpen-Geiger climate zones

1800-2100. Meteorol. Z, 26, 115-125.
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http://koeppen-geiger.vu-wien.ac.at/pdf/Paper_2017.pdf

\\ SYNOPTIC WINDS REACHING
THE ARE

The horn-shaped barrier of the Alps
contributes to generating three
different cold wind systems:

the Mistral in the western Rhone
valley

Corchllera
the Bise between the Jura and the m};‘inm

Alps on the North TRAMONTANA

The Bora on the Adriatic coast ESE
of the Alps

0 B D 2T
Tibaldi S., Buzzi A., Speranza A. (1990). Orographic Cyclogenesis. In: Newton C.W., Holopainen E.O.

(eds) Extratropical Cyclones. American Meteorological Society, Boston, MA.
https://doi.org/10.1007/978-1- 944970-33-8_7.
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N LOCAL WINDS IN THE |

ALPS

COLD Al

Valley and mountain breezes

warm fi( ol n N‘arm air
\
\ .

=, - rd
Warming mountainside®

:"‘p»' ‘ : - !
13;a:11a.m,, b: 4 p.m. (different days). Credit: A. Pietrodangelo

&

© 2008 Encyclopaedia Britannica, Inc. Stelvio PSS, Ita, - n.20
Thermally generated local winds (mountain venting) play a key role on air vertical mixing and pollutants dilution
Bﬁﬁ?ll}@f.smixing layer evolves rapidly during the day, due to strong insolation. Good vertical mixing. Pollutants dilution is

olficieRkalm wind events lead to diurnal atmospheric stability and temperature inversion. Mixing layer height

evolves slowly. Poor vertical mixing. Pollutants dilution is not efficient due to air stagnancy
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EXCHANGE PROCESSES IN THE DAYTIME
BOUNI’\I\nVI AN/ED

CBL convective (daytime) boundary

regional wind

layer
Rr%shadiRginRE figure) ) 8(z) —
0(z)

MCV <

AV advective venting
MCV mountain-cloud venting .
s [

C(z) pollutant concentration profile

Exchange processes in the daytime boundary layer over mountainous terrain (Serafin S., et al., 2018, Atmosphere)

O(z) potential temperature profile

Horizontal blue lines represent layers with enhanced static stability, which favour the separation of up-slope
flows from the ground. Down-pointing arrows represent valley-core subsidence. The dashed line indicates the
top of the regional aerosol layer (AL). Pollutants concentration (C(z)) decrease along vertical profile is slowed

down in the static stability layers.
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Ay

(a) Airflow over a valley,
with (continuous grey lines)
or without (dashed grey
line) a stable layer below
the mountain-top level,
results, respectively,

in elevated turbulence
(orange whirls) and small-
amplitude waves,

or in valley flushing and
large-amplitude waves

a) b)

c) **\) d) c‘S
Bl <S4

Role of stable layers (blue lines) in controlling multi-scale interactions (Serafin S., et al., 2018, Atmosphere)

EXCHANGE PROCESSES - INFLUENCE OF
STABLE LAYERS

(d) Foehn wind

Confinement of moist air (orange
shading) beneath a stable layer
during daytime, possibly
destabilizing the atmosphere.
Thermally driven breezes advect
air from the plain and upwards
along the slopes (grey lines).

Part of the upslope flow pierces
the stable layer and causes
mountain venting (dashed grey
lines). Valley-core subsidence
(down-pointing arrows) displaces
the stable layer downwards.
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1976-2000 Stutigart

+ +
Munich Vienna

+
Zunch \

+
Ljubljana +
Zagreb

and warm temperate boreal alpine
BSh 8BSk Csa Csb Cfa C Cfc Dfc ET EF

Csb = Warm-summer Mediterranean
climate;

Cfa = Humid subtropical climate;

Cfb = Temperate oceanic climate;

Cfc = Subpolar oceanic climate;

Dfc = Subarctic climate;

CLIMATE CHANGE EFFECTS -

warm temperate boreal alpine
L =] —
Climatic regions ——— —

aon

2076-2100 Stuttgart
best case

+ +
Munich Vienna

+
Zurich

Climate change

effects on - il T S

climatic regions :
of Alps

modelled

scenarios "
for 2076-2100 _ G- H

Ongoing B e : -

research.... ; Gt gl T ziden

Rubel F., K. Brugger, K. Haslinger, andI Auer 2017: The chmate of the

European Alps: Shift of very high resolution K&ppen-Geiger climate
zones 1800-2100. Meteorol. Z, 26, 115-125.
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http://koeppen-geiger.vu-wien.ac.at/pdf/Paper_2017.pdf

° CLIMATE CHANGE EFFECTS - possible impacts on atmosphere

~---->> ventilation of valleys
climatic regions, weather

i mesoscale (LRT ; _ _ L___.> temperature inversion
CC regl_oni> s (nam)ics _|0£<‘=\| (temperature profile, frequency, intensity, balance | 5 vertical mixing
change on dy changeS™ relative humidity, mountain — — ~ “changes T
of air masses

venting dynamics, ... e > cloud cover, precipitations

----> solar irradiance, heat waves

Bollutant Sources, iransSportairansiamaiion Deposition, and Effects

forests/vegetation
- distribution among species,
- stomatal resistance to deposition,
biogenic VOCs emission rates

atmospheric
physics

Stratosphere-Tropasphere

stratosphere

frdpospﬁerg o T‘ 4
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. Chemica\ 5L
atmospheric v i o i
subalpine thrope & Natural G ||
forests chemistry _ ... |

Schematic of chemical and physical processes responsible for
tropospheric ozone (Adapted from: Young, PJ, et al. 2018
Credit: U.S. Fish and Wildlife Service Posp (Adap 9 )
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REGIONAL-SCALE TRANSPORT OF AIR
MASSES

Air pollutants conveyed by long-range transported (LRT) air masses to the Alps undergo increased condensation in alpine
cool regions (cold trapping), and are transported to lakes, soil and vegetation by deposition.
The Alps act as sink of LRT air pollutants.
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Result from air mass-related measurement: Impact on the Alpine
peaks from three dominating directions; as indicated, some
directions show higher concentrations of PCB and OCP. (Courtesy
of Freier, K.P. et al,, 2019)
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REGIONAL-SCALE TRANSPORT OF

‘ Result frﬁ!ﬁmgﬁﬁrﬁﬂrement: Impact on the Alpine peaks from three dominating
direction$; as ihdicated, so 1hs show higher concentrations of PCB and OCP. (Courtesy of Freier,
: T , — .
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(1) Salvador et al., Atm. Env.,44,2010

(2) Diemoz et al., Atmos. Chem. Phys.,19, 2019
(8) De Angelis and Gaudichet., Te//lus B 43:1,1991
(4) Di Mauro et al,, The Cryosphere, 13, 2019
(5)Kirchner et al,Atm. Env, 223, 2020
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A Transport of secondary aerosol from the Po Valley to
\g .
\ Aosta (Italian Alps)

3D output of the FARM model
2015/08/26 00:00

PM10 (ig/m’)

- 20

Recurrent episodes of wind-driven
aerosol layers from the Po Valley:
« 50% of days
« (Cold season
« SynopticwindsE - W
« Advected particles in the
accumulation mode
« Increasein the inorganic
secondary aerosol (nitrate, sulfate,
ammonium)
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% mass contributions
of sources to PM,, in
alpine valleys

SA >> BB = RTf

Emlttlng sources of PM and SA

21-30

15-30

15-25

HCOOH .CQ-.
SOs .- g.ﬂﬁ_; Byon Nucleat‘i;n
and gro

Atmospheric Gases
Bio-VOCs
Pollutants

Liquid and solid
aerosol particles

Ducret-Stich R. et al, 2013a
Project funded by the

Main emitting sources of primary

PM in the Alpine valleys:

biomass burning (BB) and

road traffic (RTf)

Erstfeld (CH) Erstfeld - swiss Federal Office for
8-15 13-15 35 - 40 he Environment
Projects Lanslebourg 2010-
, . S . 2014 (in: Favez O. et al,
2010 (y) Lanslebourg (FR) | Maurienne 57 31 9 2017a; SOURCES Project
Report)
[ escheraimes Auverane- PARTICUL'AIR (in: Favez
2010 (y) [F[E\‘J Hhﬁneg Ipes 58 6 n.a. Q. et al, 2017a; SOURCES
Project Report)
uvergne— FORMES (in: Favez Q.
2010 (y) Grenoble (FR) Hhﬁneg Ipes 42 10 n.a. et al, 2017a; SOURCES
Project Report)
verane- AERA (in: Favez O.ef al,
2013-14 Air RA (FR) Rhoneg Alpes 21 2 ~20 2017a; SOURCES Project
Report)
I 0 5 o Favez O ef al, 2017a;
Chamonix (FR) | Arve ] i "JOURCES Project Report
10 5 35
I 64 -71 H 4-8 2-12 |
Marnaz (FR) Arve
<3 a 30-35 |
I 6674 I 48 | 12-15 |D}-COMB\O(in'[—'a‘.-'ezl.‘J.
Passy (FR) Arve et al, 2017a; SOURCES
=3 5-10 40-50 | Project Report)
I 57 - 62 3-14 | 18-21 |
Chamonix (FR) Arve
2013-14(s) 5-10 T-12 38-43 |

Main emitting sources of chemical
precursors forming Secondary

Aerosol (SA)
in the troposphere:
BB (CO, VOCs, SO,, NOx,)
RTf (CO, VOCs, NOx)

Domestic heating (NOx, SO,, CO)

Forests, vegetation (VOCs)
Agriculture (NH;)

Table 4: Contribution of biomass burning, traffic and secondary formation of aerosols to PM1
concentration in some Alpine valleys. (a) Winter = w; Summer = s; Annual =
the sum of all inorganic and organic omponents available from each study.

(RSAS8 Air Quality in the Alps, 2021)
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y. (b) SA is reported as



Emitting sources of PM and SA precursors- Biomass Burning and
\' Emissions from biomass burning generally dechQm%MShaaﬁt&ﬂg with

differences among regions.

During last years, in most Alpine Countries specific measures were already in place in
order to reduce emissions (lower limit values, best practices, bans and incentives for the
use of lower emission appliances).

However, this sector is still the predominant source of carbonaceous aerosols during the
cold season; reasons why need further investigations.

At European level stricter rules apply for this activity from 1st January 2020

low-volatile NMVOCs
CO, SO,, NOx (NO, NO,)

Alpine and sub-alpine sites where BB was chemically characterized (2005-2010):

Chamonix (FR), Lanslebourg (FR), Lescheraines (FR), Passy (FR), Grenoble (FR), Ebnat Kappel
(CH), Magadino (CH), Moleno (CH), Roveredo (CH), Zagorje (Sl), Sondrio (IT), Cantu (IT), Graz
(AT), Ispra (IT), Milan (IT).

—— PM,-emission single room firing (Cat.1-6) \/—/\/\/——\
00d e

Wood energy consumption single room firing
— (Cat.16)

Figure 6: Evolution of the emissions of single room fire
stoves in Switzerland. (RSA8 Air Quality in the Alps, 2021)

partlcle bound,orgamcs PAHs (BaP ),,furans,

Reasons of concern for health &
ecosystems:

In the heating period, the contribution
of wood combustion to PM10 mass
increases in the evening (sometimes by
more than 80%), just when pollutant
dilution is _inefficient due to nocturnal
air stagnancy.

The two factors are combined enhancing
pollutants levels in ambient air.
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A

Road Traffic

Motor vehicle traffic affects the whole
road infrastructure in the Alpine region:
- main transit routes of freight transport

- urbanroads in the valleys
- peripheral routes connecting small villages

- off-road routes reaching semi-natural
mountain areas at high altitudes

-+

The most common form of passenger
transport in these areas is the private car,
it is expected to increase in the near future

traffic examples

Street Canyon-like effect

The complex topography of the Alps limits the transport
infrastructure to only a small number of corridors along valleys
and across passes where traffic emissions are concentrated.

In villages roads pass through adjoining buildings.

Both cases are comparable to U-shaped structures crossed by roads,
that is, street canyons, which trap pollutants and long-wave
radiation (Singh N., et al., Urban Ecology, 2020)

EU GREEN

Emitting sources of PM and SA precursors-

partls:Ie bound,orgamcs. PAHs (BaP ),,fﬁréhs, ..\
black carbon ; 5
metal partlcles ree 't

resuspended road dust e :
4 (abrasmn of brakes, tlres, other mechams asphalt)

. £y

. aire PM

low-volatile NMVOCs
CO, SO,, NOx (NO, NO,)

Tourism and freight transport

Reasons of concern for health & ecosystems:

- In villages, roads are close to buildings (street canyon-like
effect)

- substantial concentrations increase of traffic-related air
pollutants (NO,, elemental carbon, PAHs, metals..) is observed
next to motorways or main roads in villages

- off-road mountain routes often affected by old diesel engine
exhausts (inefficient combustion and poor exhaust trapping)
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Secondary Aerosol formation - Sources and
' PY
\\ atmospherlc processes SA 1s more enriched in organics or
Hcoon  .CL: inorganic pollutants (nitrate, sulfate,

Secondary aerosol (SA) is formed | *%2 ; sr@ I3 e Nudeation | ammonium) e
in the atmosphere by uiko; # S0 depending on type of emitting sources and

Ligquid and solid

photochemical reactions of Atmospheric Gases aerosol particles season (weather-related T, winds regime,
precursors (pollutants directly Pollutants humidity, etc.).

emitted) SA air concentration is significant both in
m'@\ cold and warm seasons, but generally
S higher during summer, due to intense
Schematic relationships of primary pollutant- emitting sources insulation aiding photochemical SA

and secondary pollutant formation in the atmosphere formation

COLD SEASON

BB and fossil fuels combustion

Agriculture
ammonium nitrate,
xygenated organics

Ammonia (NH;)

Agriculture Vegetation (biogenic) emissions and fossil fuels combustion

ammonium sulfate,
xXygenated organics

Ammonia (NH;) Volatile organics (VOCs), sulfur dioxide (SO, ),nitrogen oxides (NOx)
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A\ FINAL
REMARKS
1. Geography and orography-related atmospheric peculiarities of the Alps play a key role on air quality

2. Climate changes (CC) will possibly affect the complex Alpine ecosystems-atmosphere equilibria, however
emissions reduction and deep understanding of CC mechanisms is critical to limit adverse impacts

3. Synergic and counter-synergic relationships between CC and physical — chemical processes of the
atmosphere and their impact on atmospheric pollution needs further investigation

4. Air quality monitoring in the Alpine region should be carried on routinely, regardless of improved
pollutant levels, in particular concerning precursors of secondary aerosol (SA), because of the complex
mechanisms responsible of SA formation in the Alps

5. Emerging pollutants (PBT, microplastics) have been recently detected in non-negligible presence in the
Alpine region. Research/monitoring programmes focused on these pollutants should be undertaken

6. Emitting sources most impacting on the air quality in the Alps are those related to combustion of wood-
other biomass (domestic heating) and of fossil fuel (vehicle traffic exhausts). In addition, same sources,
plus the wide vegetation cover of Alps and agriculture, are also responsible for high SA in PM,,
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Paolo Angelini, Head of Italian Delegation )
Ministry of Ecological Transition Y 4
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Herzog—Friedrich—Str. 15, A — 6020 Innsbruck
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