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Ozone: the present status



Troposheric ozone worldwide
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Source: NASA 2015



Worldwide ozone distribution and trend

Pre-industrial (Pl) surface O; Present-day (PD) surface O,

Source: UK Royal Society 2008, Science Policy Report



Europe: ozone rural AOT40 for crops in 2013

500 1000

Rural concentration of the
ozone indicator AOT40 for
crops in 2013

pg.m=h

Rural background
station

<6000

6 000-12000
12 000-18 000
18 000-27 000

> 27 000

No available data

J0 BNECne -

Non-EEA member
or cooperating
countries

Source:

ETC/ACM, 2016b.




Europe: ozone rural AOT40 for forests in 2013
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forest in 2013
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Europe: ozone exposure trend for crops
1996-2013

(a) Ozone exposure of agricultural crops In EEA member countries
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Ozone (ppb)
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Ozone trend in remote rural sites
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Ozone present impacts on crops,
forests and biodiversity



M12 (ppbv) = %12:[533]1‘
=1

n
AOT40 (ppmh) = > ([Cos];—0.04) for Cos > 0.04 ppmv
i=1

POD, = / max(F,; — Y,0) dt




Crops exposure to ozone worldwide in 2000
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Fig. 3. Global distribution of Oz exposure according to the M12 (left panels) and AOT40 (right panels) metrics during the respective growing seasons in each country (where aop
calendar data are available) of (a) soybean, (b) maize, and (¢) wheat Values in the US. have been comected using observation data as described in Section 3.

Source: Avnery et. al.,2011, Atm. Env. 45, 2284-2296



Yield loss (soybean, maize, wheat) in 2000
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Fig 4. National relative yield loss according to the M12 (left panels) and AOT40 (right panels) metrics for (a) soybean, (b) maize, and (¢) wheat.
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Crop vield reduction worldwide (2007-2015)

No. of % yield
datapoints | reduction

Soybean?-? 3 22.5
Ricel24 11 162 by
Wheat!-? 10 7.4
Durum wheat? 2 14.2
Peas / beans? 2 3.2

Crop vield reductions, using data from
IChina, °India, *Japan and *Pakistan

Source: WGE 2016, Field evidence of ozone impacts on vegetation



OTC validation experiments

Country | Ozone (24h Biomass | Reference
mean, ppb) reduction

Spain Mediterranean 8% Calvete-Sogo et al., 2014, Atmospheric
pasture Environment 95:197-206.
Italy 37 Quercus ilex 17% Gerosa et al., 2015, Atmospheric
Environment 113: 41-49.
Spain 35 Quercus ilex 1% Alonso et al., 2014, Plant Biology 16:
375-384.
Spain 32 Briza maxima 3% Sanzet al., 2011, Environmental

Pollution 159: 423-430.

Japan 19 Betula ermanii 4% Hoshika et al., 2013, Environmental and
Experimental Botany 90: 12-16.

Ozone exposure experiments using  Examples of responses to ozone shown in non-filtered compared to filtered air experiments
open-top chambers in Spain and Italy

Source: WGE 2016, Field evidence of ozone impacts on vegetation



Risk maps for ozone exposure of crops in Europe
1990-2006
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Ozone exposure for forests
(AOT40 vs POD1)

Source: EMEP 2016, Status Report
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Ozone impacts on biodiversity
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Grassland exposure to ozone

POD1 (mmol m-2)
Mean 2006-2010
Generic grassiand

mo-5
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Source: WGE 2016, Report on biodiversity



Risk assessment for grassland

Matrix for calculating the risk of ozone impact on grassiands, based on the phytotoxic ozone dose (POD,)
for grass* and the grassiand area (%) per grid cell (0. 5° (longitude) by 0.25° (latitude)). POD, was
calculated over a six months period (April — September).

POD, grass
Grassland (mmol m2)* <5 5-15 15-20 20-25 25-30 >30
area in grid
cell (%
(%) RISK 1 2 3 4 5 6
0.5-5 1 1 2 3 4 5 6

* Simpson et al., 2012. Atmospheric Chemistry and Physics 12: 7825-7865.

Source: WGE 2016, Report on biodiversity



Risk map for grassland
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Crossed interactions between ozone
and climate change



Ozone, climate and ecosystem interaction

Greenhouse CLIMATE Greenhouse
effect effect
Temperature, humidity; Rainfall Temperature, rainfall

sunlight, lightning, humidity, sunlight
A

transport

Soil moisture
deficit

Temperature Temperature Plant Carbon
humidity water availability growth  sink

k..-' | |

______ Damageto
plants ECOSYSTEMS

Biogenic emissions;
dry depaosition

Source: UK Royal Society 2008, Science Policy Report



Radative forcing relative to 1900 (W m—=)

Ozone as a driver of climate change
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Source: Sitch et al. 2007, Nature 448, 791-795



Impacts of climate change on ground ozone levels

* Emission fluxes of ozone precursors

(e.g. VOC from vegetation, NO, from soil and lightning, CH, from
wetlands and NO,, CO and VOC from wild fires);

 Atmospheric chemistry

(e.g. via changes in temperature and atmospheric water vapour
content);

 Atmospheric dynamics

(e.g. boundary layer ventilation, convective mixing, prevalence of
anticyclonic blocking highs, precipitation, and stratosphere-
troposphere exchange);

* Loss of ozone by dry deposition to vegetation
depending on soil moisture content and CO, concentrations.



Factors influencing biogenic VOCs emission

Effects inc Iu:in—d in latest emissions estimates for

natural nmVOC for this study (Lathiere et al.
(unpublished data)

Light Yes
Temperature (current and previous) Yes
Ambient CO, concentration Yes
Losses within the canopy by reaction and/or deposition Yes
Leaf age Yes
Biomass Yes
Plant species (usually by functional type) Yes
Drought Yes
0 Mo
Herbivory Mo
Wind damage Mo
Fire Mo
Logging Mo
Mutrient status No

Circadian control No



The puzzle of isoprene emissions
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Ozone sources and sinks affected by climate change

Stratosphere/Troposphere

Exchange 540 Tg y'

Stratosphere |
Chemical Tropopause
_ loss ~8-15 km

Chemical 4500 Tg y-!
Troposphere production
4500 Tg y~'
HO,, RO, €0, G5
/DH —- "tlSunIight Eunllglh
NMHCs, NO; -
BE w N S S
Emissions

Deposition
1000 Tg y!

Source: UK Royal Society 2008, Science Policy Report



Deposition parameters are in turn affected by CC

Aerodynamic
Ra
‘Larninar’ sub-layer
Ry

-

Atrnospheric
-~ resistances

Canopy .«
resistances

Ri =R, + Ry + (1/R; + 1/R; + 1/R )]

Flux _ ]
Concentration BR:

Source: UK Royal Society 2008, Science Policy Report
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Stomatal opening vs

Wheat, f,,.,,, relationship

temperature

Potato, fi,m, relationship
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Drought and ozone in the stomatal opening
regulation

Decreased plant water potential

1

Stomatal opening

Reduced leaf
growth

See Fig 8 See Fig 8
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Source: Wilkinson and Davies, 2010, Plant Cell Env. 33, 510-525



Interference of ozone + ethylene in the ABA-induced
stomatal opening regulation
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Nitrogen effect on the response of shoot and
root biomass to ozone
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Ozone and CC extreme events: heat waves
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Forests effects on climate change
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Ozone future projections
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Expected changes in surface ozone due to
increase of isoprene and soil-NOx emissions
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Source: Zeng, Pyle, Young 2008, Atmos. Chem. Phys. 8, 369-387



Surface O, Change /ppb
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Surface O, Change
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under RCP and SRES scenarios
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Ozone projections by 2030

JJA Surface AO5; 2030-2000 CLE
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Changes in surface ozone due to CC only
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Fig. 10. Changes in surface O3 (ppbv) between 2000 and 2100 due to climate change, for January, April, July and October.

Source: Zeng, Pyle, Young 2008, Atmos. Chem. Phys. 8, 369-387



Changes in surface ozone due to emission changes only
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Changes in surface ozone due to CC only
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nanges in emissions under CLE and MFR scenarios
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Changes in surface ozone due to emission changes only

S3=-S1 ENSEMBLE JJA 97% S3=-S1 ENSEMBLE DJF 97%
45°W 30°W 159W 0° 15°E 30°E 45°E BO°E 45°W 30°W 15"W  0° 15°E 30°E 45°E B0°E
| | | | | | | |
o B ) E
BO°N —ﬁwﬁ R — 60°N B0°N B0°N
. ()
1 " n
E{JﬂN ] - EDDN E{Jﬂ'N SDDN
A0°N — — 40°N A0°N 40°N
30°N 30°N 30°N 30°N
Y
[ [ [ [ [ [ [ [ [ [
10°9W 0° 10°E 20°E J30°E 10°W o° 10°E 20°E 30°E

Source: Watson et al. 2016, Atm. Env. 142, 271-285



Lurking uncertainties

Changes in temperature

Changes in atmospheric humidity and SWC
Anthropogenic GHGs emissions (N,O and CH,)
Anthropogenic high-ox NOx emissions
Natural soil & vegetation emissions
Hemispheric transport patterns

Feedback (-) by increased water vapour

Feedback (+) by increased stratosphere-troposphere
exchange



Ozone exposure and risk: projections



Predicted wheat yield reduction in Europe
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Global ozone exposure by 2030 under the B1 scenario
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Fig. 2 Global distribution of Os exposure according to the M12 (left panels) and AOT40 (right panels) metrics under the 2030 B1 scenario during the respective growing seasons in
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Source: Avnery et. al.,2011, Atm. Env. 45, 2297-2309



Yield loss (soybean, maize, wheat) under the 2030 B1 scenario
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Fig. 4. National relative yield loss under the 2030 B1 scenario according to the M12 (left panels) and AOT40 (right panels) metrics for (a) soybean, (b) maize, and (¢) wheat

Source: Avnery et. al., 2011, Atm. Env. 45, 2297-2309



Present and predicted (2100) GPP due to ozone
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Total global cereal production
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International policy



Il protocollo di Gothenburg (1999, rev 2012):
obiettivi
Article 2:  Ossective

1. The objective of the present Protocol is to control and reduce emissions of sulphur, nitrogen oxides,
ammonia, volatile organic compounds and particulate matter that are caused by anthropogenic activities and
are likely to cause adverse effects on human health and the environment, natural ecosystems, materials, crops
and the climate in the short and long term, due to acidification, eutrophication , particulate matter or ground-
level ozone as a result of long-range transboundary atmospheric transport, and to ensure, as far as possible,

that in the long term and in a stepwise approach, taking into account advances in scientific knowledge,
atmospheric depositions or concentrations do not exceed:

(a) For Parties within the geographical scope of EMEP and Canada, the critical loads of acidity, as
described in annex |, that allow ecosystem recovery;

(b) For Parties within the geographical scope of EMEP, the critical loads of nutrient nitrogen, as
described in annex |, that allow ecosystem recovery;

(c) Forozone:

(i) For Parties within the geographical scope of EMEF, the critical levels of ozone, as given
inannex|;




Il protocollo di Gothenburg:
Annex |, part |l

lll. Critical levels of ozone

A. For Parties within the geographical scope of EMEP

6. Critical levels (as defined in article 1) of ozone are determined to protect plants in accordance with the
Convention's Manual on Methodologies and Criteria for Modelling and Mapping Critical Loads and Levels and Air,
Pollution Effects, Risks and Trends. They are expressed in terms of the cumulative value of either stomatal fluxes
or concentrations at the top of the canopy. Critical levels are preferably based on stomatal fluxes, as these are
considered more biologically relevant since they take into account the modifying effect of climate, soil and
plant factors on the uptake of ozone by vegetation.

7. Critical levels of ozone have been derived for a number of species of crops, (semi-)natural vegetation and
forest trees. The critical levels selected are related to the most important environmental effects, e.q., loss of
security of food supplies, loss of carbon storage in the living biomass of trees and additional adverse effects on
forest and (semi-)natural ecosystems.



Il protocollo di Gothenburg: determinazione dei livelli crit
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Figure 3.1: A schematic dizgram illustrating the steps involved in calculating excesdance of the flux-basad and
concentration-based critical levels of ozone for agricultural and horticultural crops, (semi-) natural vegetation and

forest trees.
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Il protocollo di Gothenburg:
livelli critici per I'ozono

Table 3.5: Critical levels for ozone.
3.4 and 3.5.

The methods for calculating each critical lavel

are described in Sectior

A pproach

Crops

(Semi-) natural
vegetation

Forest trees

Stomatal flux-
based critical

level

CLey

Wheat: An AF 6 of 1
mmol m™ PLA

Potato: An AF6 of 5
mmol m™ PLA

Time period

Wheat - Either 970°C
davs, starting 270°C
davs before mid-
anthesis { flowering) or
55 days starting 15 davs
before mid-anthesis

Paotato: Either 1130°C
darvs starting at plant
emergence or 70 davs
starting at plant
SMETEEncs

Effect

Yield reduction

Not available

Birch and beech:
Provisiomally AF.1.6
of 4 mmol m™ PLA

One growing Season

CGrrow th reduction

Concentration-
based critical

level

CLe,

Agricultural crops: An
AOQT40of 3 ppmh
Horticultural crops: An
AOQT40 of 6 ppmh

An AQT40 of 3
ppmh

An AQT40af 5
ppm h

Time period

Agricultural crops: 3
maomths

Horticultural crops: 3.5
maomths

3 mumths (or growing

seasomn, 1 fshorter)

Crroww Ing season

Effect

Yield reduction for both
agricultural and
horticultural crops

Growth reduction n
perenmnial species and

erow th reduction
and/or sead

production in annual

Specl ey

Crroww th reduction

VPD-modi fied
concentration-
based critical

level

CLe,

An AOTI0 WP of .16
ppm h

Time period

Preceding 8 days

Effect

Visible injury to leaves

Mot available

Mot available




Il protocollo di Gothenburg:
ruolo della ricerca scientifica

Article 8:  RESEARCH, DEVELOPMENT AND MONITORING

1. The Parties shall encourage research, development, monitoring and cooperation related to:

(@) The international harmonization of methods for the calculation and assessment of the
adverse effects associated with the substances addressed by the present Protocol for use in establishing critical
loads and critical levels and, as appropriate, the elaboration of procedures for such harmonization;

(b) The improvement of emission databases, in particular those on particulate matter, including
black carbon, ammonia and volatile organic compounds;

(c) The improvement of monitoring techniques and systems and of the modelling of transport,
concentrations and depositions of sulphur, nitrogen compounds, volatile organic compounds and particulate
matter, including black carbon, as well as of the formation of ozone and secondary particulate matter;

(d) The improvement of the scientific understanding of the long-term fate of emissions and
theirimpact on the hemispheric background concentrations of sulphur, nitrogen, volatile organic compounds,
ozone and particulate matter, focusing, in particular, on the chemistry of the free troposphere and the potential
for intercontinental flow of pollutants;

(d bis) The improvement of the scientific understanding of the potential co-benefits for climate
change mitigation associated with potential reduction scenarios for air pollutants (such as methane, carbon
monoxide and black carbon) which have near-term radiative forcing and other climate effects;

(e) The further elaboration of an overall strategy to reduce the adverse effects of acidification,
eutrophication, photochemical pollution and particulate matter, including synergisms and combined effects;




The UN-ECE Convention on Long-Range Transboundary Air Pollution
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Climate change adaptation strategies
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Adaptation is based on risk assessment
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Local climatic pressure
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Source: Espon 2013, Climate Project



Impacts, vulnerability and resilience factors
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Source: Espon 2013, Climate Project



The adaptation process
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Two examples of sectoral
adaptation at global level



Thresholds

Mega-
disturbances
i;::;l;é:s:t" reneen
ecosystem
services

Adaptation and forests

Response 1

Mot reached

Absent or minimal

Sustained

Forest type sustained

Hotter

Response 2

Approaching or crossed
Low to moderate
Sustained

Forest converts to new

forest type (ecosystem
services retained)

Response 3

Crossed
Moderate
Decline

Forest converts to new
forest type (ecosystem
services decline

Response 4

Crossed widely
Severe
Collapse

Forest converts
to non-forest type

Fores

d rought FEJfEStl FUFEStJ{E:l 3.3)
Hotter Hotter Hotter
Fire drought Fire —= drought Fire drought
Fire Insects Insects
Pathogens Pathogens Pathogens Insects
Forest, * Forest, Shrub or grassland
Pathogens Insects : Rl o g
L, A ) &

British Columbia, Canada:
rmaritime coniferous forests (55)

Eastern and central US:
northern mid-successional
oak-hardwood forests (56)

California: oak replacing pine (57)
Spain and Switzerland: oak replacing pine (58, 59)

American Southwest: pifion pine being lost
from mixed pine-juniper forests (60

Argentina: Chilean cedar replacing false beech (61)

South-central Us:
savannah and grassland
replacing oak forest (62)

Australia: scrubland replacing
eucalypt forest (11}

Source: Millar and Stephenson 2015, Science 349, 823-826



Adaptation and forest management

Forest
ecosystem

services

Forest
ecosystem

Services

Time
Source: Millar and Stephenson 2015, Science 349, 823-826



Adaptation practices in agriculture
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Two examples of adaptation strategies

 The UK National Adaptation Plan (UK-NAP)

 The Regional Adaptation Strategy of the
Lombardy Region (RL-SRACC)




The UK National Adaptation Plan

FO1a Forest extent affected by red band needle blight™

WAT Insufficient summer river flows to meet environmental targets
FL4a/b Agricultural land at risk of flooding/regular flooding

FO4a Decline in potential yield of beech frees in England

AGS Increases in water demand for irrigation of crops

FO1b Forest extent affected by green spruce aphid

FO2 Loss of forest productivity due to drought

Objective 18: To embed climate change adaptation into agriculture, horticulture and
forestry research programmes, in order to improve knowledge of likely climate Impacts
and contribute to the development and uptake of climate resilient crops, tree and
livestock species as well as relevant technologies.




The Lombardy Region adaptation strategy

Climate change evidences and projections

2. Basi climatiche }—

PRECIPITAZIONI -intensita a livello locale e spaziale-

POT Lombriasco 10min

Distribuzione spaziale delle precipitazioni
annudli per il periodo 1961-1990

Quantile

Retan pesiod
2 s 0 2 % 10 20
PR A

2 0 2 4
Redured variate  —Inal —lnal FY)
POT Vercalll 10min

20
LAT [deg]

15

10

wuame

5

Retmpots. 76 &0 85 0 0.5 100 0s "o 1ns 120 128
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Distribuzi paziale delle precipitazioni li per il
periodo 1961-1990. Fonte: Progetfo STRADA. 2013

2 10 1 2 3 4 5
Reduced variate, —log(-log(F))
Cambiamento negli eventi estremi rispetfo
| agli ultimi 20 anni: stazione di Lombriasco
. | e Vercelli. Fonte: Progetto STRADA

M

L5 = —

Example of climatic information presented during the workshops.
Left: evolution of intense precipitation events during the period
1984-2003 compared with 1958-1982 in two weather stations of
the Lombardy territory. Right: map of the rainfalls intensity in the
Lombardy territory during the 1961-1990 time period. Source: with
data from STRADA Project. 2013

2. Basi climatiche

TEMPERATURE - simulazioni climatiche spaziali -

2071-2100 stagione estfiva 2071-2100 stagione invernale

4.5
4.0
3.5
3.0
2.5
2.0
15

1.0
(+) 4.5°C 0.5

Distribuzione spaziale delle anomalie termometiiche per il periodo 2071-2100 rispetio alla
media del periodo di riferimento 1971-2000, per la stagione estiva (sinisfra) e invernale (destra
secondo la media ENSEMBLES di 22 Modelli Regionali, in base allo scenario SRES A1B. Fonfe:
Gobief e Beniston et al. 2013

A ronduzionc
Lombardia
per I'Ambientes 4
B

‘-_-4 .

Spatial distribution of the projected thermometric anomalies for
the period 2071-2100 compared to mean temperature of the
reference period 1971-2000. Source: with data from Gobiet et al.
2013
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climate change impacts and vulnerabilities

3. Impatti: Turismo

Riduzione della fruibilita sciistica delle stazioni lombarde

Scenario | VariazionedellaT |  NuovaquotaSRL
S media | .

A2 2050 +3°C | 1650 m.s.l.m.

A2 2080 | +5.°C | 1950 m.s.l.m.

BERGAMO

BRESCIA

% Impianti oo | - SONDRIO
al di sopra
dellalSR 40 | ’ LECCO

como

REGIONE

Soltanto

18 % degli
impianti al L‘
disopra §

della SRL
FLA =5 e
B leh

Projected impact of climate change on the winter tourism sector in Lombardy: projected percentage of skiing areas below the
snow line (Snow Reliability Line) by provinces under two different future scenarios of global warming. Source: with data form

Kyoto Lombardia Project. 2008
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Adaptation objectives priority and specific adaptation options

Relevant impacts per sector

Proposed adaptation

Adaptation objectives measyres

Npme/cognome: Risorfe idriche: Obiettivi settoriali per I'adattamento e proposta di misure di adattamento '-'l /(::,:,;';’“
E ail: s ¥ hembinnte
iclo idrologico e Obiettivi egici per 1
2 5 Proposta di misure di adattamento
halita delle acque I'adgttamento
w Importanza w ' ¢
relativa
Impatti | dellimpatto Obiettivi Proposta
Importanza
(1-5, i
Soft 0 non strutturali:
1. Potenziare ed estendere gli attuali strumenti e reti di monitoraggio e il controllo della qualita delle risorse
1 Ampliare e rinforzare idriche lombarde (identificare i gap esistenti nell’attuale rete di monitoraggio costituita da 260 punti di
prelievo e misura, relativi a 175 corpi idrici superficialn)“ 23,2238
2. Intensificare il controllo dell’evoluzione del grado di diluizione degli inquinanti nelle acque sotterranee
durante i periodi a maggiore rischio (es: periodi siccitosi prolungati) BLiL 1A%
3. Rinforzare la prevenzione dei casi di penuria, fioriture algali e peggioramento eccessivo della qualita dei corpi
sotterranee idrici in considerazione all'incremento di eventi climatici estremi (es: intensificare il monitoraggio
dell'influenza degli scarichi termici nelle acque superficiali) (L
1.2 Incrementare la 4, Minimizzare i disturbi associati alla captazione e al rilascio di acque dalle centrali idroelettriche e
1-Alterazione resilienza dei corpi idrici termoelettriche "% #4223
delle alle implicazioni del . Ampliare la caratterizzazione dettagliata delle acque del territorio regionale e concretamente completare la
| caratteristiche Mutame . uo minore (124322344 i
(fisico-chimiche bty a e dei feedback del suolo " ¥ ¥ 2% 4%
= bloloaiche Seri}_‘ eq ura nei sistema di monitoraggio attuali: Introdurre i
8 forniti ice Sintetico di Invaso per i corsi d'acqua Montani
delle acque . la portata e lo sfruttamento da parte dell'uvomo "
superficiali e : Relevance of each impact from a sectoral
sotterranee . . .
(Qualité) i p0|nt Of view (1=Very |0W |mp°rtance; a delle acque rispetto alle attivita antropiche in
. . matici connessi (es: misura 121 del Programma di
5=Very hlgh |mp0rta nce) i coperture delle vasche di stoccaggio degli effluenti
ti) (1331
Need for actions to fulfill each adaptation SRS rTTp—
ObjeCtIVe (1=Ve ry IOW prlorlty; 5=Ve ry tegrita ecologica delle aree riparie e delle zone di
nella qu . . . modulazione e regolazione dei processi e delle
high priority)
! | superindici localizzat uali la misura in questione si prevede
abbia delle sinergie positive pe|
El e Fondazione
er I’Ambiente




Objective and measures prioritarization

Simple additive weighting algorithm to determine objective priorities...

Need of adaptation Priority of

Relevance of S : .
actions in each adaptation Adaptation

each impact

(from 1 to 5) objective (from 1 to 5) objectives

(from 1 to 5)

(W +W,+W,+W, ) /n + (W +W,+W,+W, ) /n 2 = P

Fondazione
s Lombardia
g per I'Ambiente




Conclusion and wishes
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The United Nations’ Sustainable Development Goals
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The fight against ozone impacts for a sustainable development

Sustainable Development
Goals (SDGs) and links to

air pollution

In September 2015, countries adopted a set of goals to
end poverty, protect the planet, and ensure prospe-
rity for all as part of a new sustainable development
agenda. Each goal has spacific targets to be achieved
over the naxt 15 yaars.

Abating nitrogen emissions and managing nitrogen more sustainably
has direct impacts on soil quality.

Reducing air pollution helps to mitigate the risk factors for non-com-
municable diseases such as respiratory and cardiovascular diseases,
including cancers.

B A T Water pollution is notably linked to depositions from air pollution.
T Consequently, one way of redudng water pollutants is to reduce air

pollution.

Given that a major source of air polluticn is energy production, con-
sumption and transport, increasing the share of renewable energies
and improving energy efficiency under this S0G will serve to reduce
air pollution. Investing in clean technologies in this sector, as called for
under this SDG, will also achieve reductions in air pollution.

a DECTAT W)R% AsD
FXINEMT GFINTH

A focus of the green economy is to improve and increase jobs while fo-
cusing on cleaner sectors and technologies that are sustainable which
includes sectors that have a reduced impact on air pollution such as re-
newable energies or improved transport, as promoted under this SDG.

Old industries and technologies are a major source of air pollution, and
upgrading and retrofitting many facilities, as called for under this SDG,
will serve to significantly reduce air polluticn. Investment in research
and innovation will also provide options for achieving improvements
in industrial production while reducing waste and air pollution.

Under SDG 11, there is an explicit target linked to impraving air quali-
ty: “hy 2030, reduce the adverse per capita environmental impact of cities,
including by paying special attention to air quality, municipal and other
waste management”. Reducing air pollution at the national level also
helps to improve air quality at the city level.

Improvements in life cycle management of chemicals and all wastes
will contribute to reducing air and water polluticn. Improving compa-
nies’ practices with a focus on complying with international and na-
tional norms will also serve to reduce emissions of air pollutants.

Ax greenhouse gases and some key air pollution have the same sour-
ces, combating climate change will bring improvements to air qual-
ity. In turn, reducing air pollution will help in bringing about dimate
co-benefits.

Reducing air pollution, particularly nutrient (nitrogen) pollution will
help reduce marine pollution from land-based activities.

Reducing air pollution helps mitigate effects on ecosystems and bio-
diversity.












