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PART 1

Why study troposheric ozone?

What are Biogenic Volatile Organic Compounds (BVOC)?

PART 2

Experimental measurements: from
leaves to ecosystem
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Ozone in low troposphere: an
increasing threat for plants
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Relevance of plants for CO2 and atmospheric
pollutant removal

1. Stomatal sink. Stomatal opening regulate carbon

uptake and largely contribute to pollutant removal in
the atmosphere

NOX SOZ 03 ?3 T €02 uptak ® .
uptake, . g

photosynthesis. @& @ @
Detoxificatign

of pollutants

.-

2. Surface deposition on cuticles and soil. Adsorption processes

“Non-
stomatal
uptake”

3. Chemistry in the gas phase. Reactions between BVOC and ozone



Regulations to assess ozone risk to plants:

The present regulation in US and EU to assess critical ozone levels, is mostly
based on estimates of an accumulated exposure over a threshold concentration
(eg AOT40, SUMO)

Scientific consensus is that flux estimates are
more accurate because they include analysis
of plant physiology and different
environmental parameters that control the Mapping Manual

uptake of ozone (not just the exposure) 20 04

UNECE Convention on Lon
Transboundary Air Pollution

MANUAL
on methodologies and criteria for

MODELLING AND MAPPING
CRITICAL LOADS & LEVELS

and Air Pollution Effects, Risks and Trends



Ozone formation in the troposphere

O, formation is caused by photolytic reactions - %ﬁ
in wich NO, VOC and OH radicals take part \ - \_h
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What are plant volatiles ?

Volatile organic compounds (VOC)

Biogenic (BVOC)

“Living plants”
Litter

Vegetation burning
Phytoplancton

Soil microorganisms

Anthropogenic (AVOC)

Small scale combustion

Mobile sources

Solvent use

Fossil fuel production and distribution
Chemical industry

Fossil fuel combustion



Types of Biogenic VOC

¢ Hemiterpenoids - C5, only a few produced naturally

= |soprene = Methylbutenol
P /J’\/ ’ N
(CsH4,0, alcohol) OH

(CsHg, alkene)

" Monoterpenoids - c,, thousands of different structures

= L o i = Q- pinene @4
Limonene ) Vi (aIEene) H

OH
= linalool \></\
|
myrcene e g2 il %L

(alkene) (alcohols)

" Sesq uite rpenoids - C,5, most varied class of terpenoids

= B-caryophyllene ///g; = farnesene N
\ A

e Isoprene (C:H,) _mu)

e Monoterpenes (C,,H,)
e Oxygenated VOC B
e Sesquiterpenes (C,.H,,)



http://upload.wikimedia.org/wikipedia/commons/f/f0/Prenol_structure.png
http://upload.wikimedia.org/wikipedia/commons/f/f0/Prenol_structure.png

The emission of BVOC from plants

Carbon Dioxide
and Water Sunlight
Energy

Plants recycle some Carbon fixed with Photosynthesis to form BVOC!



The emission of BVOC from plants

Cytosol and Choloroplasts are the main site of production of isoprenoids

co,

Isoprene (choroplastic
origin) is more depending
on photosynthetic pathway,
while monoterpenes
depend more on
temperature-driven
catabolism of sugars in the
cytosol

Cytosol

Methanol V
== DMADP, IDP

Isps \1,

Isoprene =

Monoterpenes&= =

Sesquiterpenes <= =



Source of volatiles in the plant

Ethanol Many tissues
NE Hemiterpenes
Phytohormone
Methanol y Chloroplasts Monoterpenes
R
Benzenoids Elaa Y s :
100s VOC \l/— Cvtosol Sesquiterpenes

Floral scents

Oxygenated C Monoterpenes

— C, Fatty acid
derivates

Sesquiterpenes

S

C,-C; (formic acid,
acetaldehyde)

pxie

Stems, leaves,
roots




Why BVOC are emitted?

* Protection of the plant against:

High light

High temperatu

Water deficit

Soil salinity

N

Air pollution

Biotic stress:
Mechanical damage
due to herbivores

Pathogens infection

Cold stress

Vickers et al. (2009)
Nature Chemical Biology



Plants interact with the ecosystem
using BVOC

\\”/’,
Atmosphere Sk ! ~
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Ecosystem

= Affect other plants and
organism

= Favour the ecosystem
perturbation

= Play an additional or
alternative role in plant
defences




BVOC & Ecosystem changes




The ozone-forming potential from certain VOC species has to be
considered

Ozone is

\(OCS/NOx <4 4 <_ VOCs{NOx <15 photochemically

produced when VOC
and NOx are

abundant and around
a ratio of 8!

MNO, (ppm)

0 I
0 02 04 US 08 10 12 14 16 18 20

OFP 3 BI:(EISO ISO) t (Emono mono)] 3

species

where B is the biomass factor [(g leaf dry weight m™ ground area)], E.,and E,,.,

specific mass emission rates [(ug VOC) g ' leaf dry weight day™'] for isoprene and
are reactivity factors [g Oz g' VOC].

are species-

monoterpenes respectively, R, and R,



Dust and aerosol primarily emitted from combustion sources and
formed by photochemical activity

San Francisco, California, USA

Mexico City, Mexico

Beijing, China

iy g IR



VOC emission in changing ecosystems

Carbon Dioxide Variations P
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Climate change & Species composition

Climatic areas Rt e s "

for holm oak
(Quercus ilex)

In southern and central Europe the most
sensitive forest types are tree species
which are at the southernmost limit of
their distribution range. Thermophilous
trees particularly Mediterranean
evergreen oaks favored at the expense of
conifers & beech

(Badeau et al., 2007)

Environmental and Experimental Botany

journal homepage: www.elsevier.com/locate/envexpbot

The challenge of Mediterranean sclerophyllous vegetation under
climate change: From acclimation to adaptation

Filippo Bussotti, Francesco Ferrini, Martina Pollastrini, Alessio Fini*

University of Florence, Department of Agri-Food Production and Environmental Sciences (DISPAA), Piazzale delle Cascine 18, 50144 Firenze, ltaly



Climate change affects plant composition and VOC emission

Contraction of P. sylvestris at the lower limit

. . . . . Global Change Biology (2013) 19, 229-240, doi: 10.1111/gecb. 12038
of its range in Switzerland is in favor of a
greater expansion of the deciduous xero- Driving fac:tors_of a vegetation shift from Scots pine to
_ pubescent oak in dry Alpine forests
tolerant Oak SpeC|eS Quercus pUbescenS ANDREAS RIGLING*, CHRISTOF BIGLERYt, BRITTA EILMANN®Y, ELISABETH

FELDMEYER-CHRISTE*, URS GIMMI*, CHRISTIAN GINZLER*, ULRICH GRAF*, PHILIPP
MAYER], GIORGIO VACCHIANOS§, PASCALE WEBER®*, THOMAS WOHLGEMUTH?®,
ROMAN ZWEIFEL* and MATTHIAS DOBBERTIN®

Comparing the altitudinal distribution of 171 forest plant species between 1905 and 1985
and 1986 and 2005 along the entire elevation range (0 to 2600 meters above sea level) in
west Europe
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(Lenoir et al, 2008"5cience



Species composition change in favour of high VOC emitter?

The greater terpene emission capacity may confer protection against multiple stresses and
may partly account for the success of the invasive species, and may make invasive species
more competitive in response to new global change-driven combined stresses

Global Ecology and Biogeography, (Global Ecol. Biogeogr) (2010) 19, B63-874

4

TGl Measurement of volatile terpene

gbull emissions in 70 dominant vascular

N plant species in Hawaii: aliens emit more
y/ than natives

Joan Llusia'*, Josep Pefuelas', Jordi Sardans', Susan M. Owen’ and
Ulo Niinemets®



Ecosystem management & VOC emission

Abandonment of forest management favours senescent trees with low natural

regeneration and loss of biodiversity
2000

Agricultural and Forest Meteorology 192-193 (2014) 18-26

Contents lists available at ScienceDirect

Agricultural and Forest Meteorology

journal homepage: www.elsevier.com/locate/agrformet

Old trees are less vulnerable to drought

stress. Long rotation pe riods in water ——— Competition and tree age modulated last century pine growth Q) o
: . E responses to high frequency of dry years in a water limited forest
limited ecosystems is postulated ecosystem

Jaime Madrigal-Gonzdlez *, Miguel A, Zavala



Disturbances, ecological successions and
structural changes

Not all ecosystems reach their climax due to
frequent disturbances...

Age lyears)

Successional dynamics affect species composition and structural changes of the canopy



Changing ecosystems in urban areas

Urban management plays an important role in determining future _ ., \g\{
urban BVOC emissions in response to environmental changes /Z/

COUBOMRTE ..

Role of Management Strategies and Environmental Factors in
Determining the Emissions of Biogenic Volatile Organic Compounds
from Urban Greenspaces

Yuan Ren,’ Ying Ge," Baojing Gu,” Yong Min,§ Akira T;mi,” and Jie Chang®”

VOCs/NOx < 4
A high ecosystem service value (e.g., lowest

BVOC/leaf mass ratio) could be achieved
through positive coping in confronting
environmental changes and adopting
proactive urban management strategies on a —
local scale, and optimizing the species '
composition of existing and newly planted
trees

Low BVOCs




Stressed ecosystems & emission changes

CED I TR
VOC emissions change in response oo bl *

. . Plan.t. Cell and Environment (2014) doiz 10.1111/pce. 12322
to oxidative stress: the ecosystem

. Invited Revi
may turn from source to sink nvited Hieview

Bidirectional exchange of biogenic volatiles with vegetation:
emission sources, reactions, breakdown and deposition

Ulo Niinemets'?, Silvano Fares’. Peter Harley' & Kolby J. Jardine!
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1 1 | >
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Can emission models properly take into account ecosystem changes?
Are current vegetation inventories adequate?

Emissions based on three different vegetation inventories diverge due to a potential miss-
attribution of broad-leaved trees and reduced tree-cover

Oberbolz et
al. ACP 2013

MT




Divergent Emission factors produce emission uncertainties

Atmos. Chem. Phys. 13, 2857-2891. 2013 Atmospheric £

www.atmos-chem-phys net' 1328572013 1 istry 3

doi:10.5194/acp-13-2857-2013 Nemistry >

© Author(s) 2013. CC Attribution 3.0 License. and Physics £
The uncertainties in emission

Quantifyving the uncertainty in simulating global tropospheric
composition due to the variability in global emission estimates of
Biogenic Volatile Organic Compounds

estimates lead to
uncertainties (2 to 10%) in
life-time prediction of ozone,
CO, CH4

J. E. Williams!, B. F. J. van Velthoven', and €. A. M. Brenninkmeijer-

O, concentration, median values (12:00 to 14:00)

I onoterpene emitting scenario

80 '
A global model 5
2 60}
(MEGAN coupled %
with CLM) run with § 40
realistic BEF from o 20
prevailing MT

emitting species 251252253254255256257258259260261262263264265266267268269270271272273274
X Day of year
predicted lower

concentrations of E@lﬂﬂ“{"&"{lﬂl
tropospheric ozone |BNCE & IECTN0iogy 2013

compa red with an Observations of Diurnal to Weekly Variations of Monoterpene-
h N Dominated Fluxes of Volatile Organic Compounds from
Isoprene emitting Mediterranean Forests: Implications for Regional Modeling

scena rio Silvano Fares,"* Ralf Schnitzhofer,” Xiaoyan _hang.*. Alex Guenther,® Armin Hansel *!
and Francesco Loreto™



] I Kemper, Fares and Ciccioli, Atm. Env.
Integratlon of vegetation maps

& national forest inventories:
Emission Factor attribution for
a realistic estimate

isoprene sabinene
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Climate change & biotic stress: T M >
overlapping signalling & VOC T e a
emission i o b

Direct defense against pathogons

Fruit and Seed dispersal

Direct defense against

herbivores Communscation

Anelopathy
[ , ’.

Increased biogenic volatile organic compounds
Penuelas and Staudt 2010 76a0s i Hant S

Copolovici et al. 2014 J. Env. Exp. Bot.: Larvae feeding
induced emissions of stress marker compounds (E)-B-
ocimene and homoterpene DMINT and methyl
salicylate from Alnus glutinosa. The emissions were
more strongly elicited in drought-stressed plants.

Winter et al. PCE 2012: overlapping signalling and responses to abiotic and biotic
stress factor demonstrated by stronger expression of herbivore-induced
volatiles by high levels of heavy metals



Part 2: Laboratory studies help
understanding the net balance
between ozone formation by BVOC
and sequestration, and the
antioxidant role of BVOC



Methods: enclosures

In a greenhouse or in a lab, where is
possible to control environmental
parameters, leaf/branch enclosures allow
measuring gas exchage according to the
Fick's law:

Zero
Air
Generator

\

Cuvette 1

O3
Generator

WY A Al A

A

\

I Hw- 03
S (] Detector
@

\

Cuvette 2

F=air Flux Alt=Leaf Area
X = Concentration of CO,, Water, ozone, BVOC




Flux intercomparisons

Mid-day summer fluxes

2, -1
moles m“~ hr

W ater CO2 Ozone Methanol

Monoterpenes



Results: ozone uptake from plants

50 Leaves of Populus alba

Ozone uptake is proportional to

AN
£ stomatal aperture, therefore related
6 Ll
£ to the physiology of plants
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Isoprenoids = antioxydants

120

I Photosynthesis
[ Fv/Fm

[ Necrosis
0 4+————""—"—"—"—"—"——————— — — — — — — -

100 = % ozone
damage normalized vs
plants which do no
emit isoprenoids

80 ~
60 - l

40 -

**

Loreto and Fares,
Plant Physiology, 2007

20 A

Damage, % with respect to controls

0 L

N. tabacum B.pendula Q. ilex P. australis

Leaf which
Isoprene naturally
production produces
was isoprene

inhibited



Where does the reaction between ozone and
BVOC take place?

C-Labeling experiments suggest that isoprene reacts
with ROS in leaves, and emission of its reaction
products Is directly proportional to heat stress

Emission ratio = C-ip/i = 7.2 +/~0.2 %, R =086
® Emission ratio = " C-i,/i = 10.3 +/~0.3%, R = 0.90

.gIObal Cha‘nge BIOIOgy ® Emission ratio = 'JC-JJ/J = 13.8 +/~0.2 %, R: = (.91
Global Change Biology (2012) 18, 973-984, doi: 10.1111/}.1365-2486.2011.02610.x 0.10~ ® Emission ratio = YJC.;_"‘:) = 40 4 +/~0.5 %, R: = () 96
Within-plant isoprene oxidation confirmed by direct , M
emissions of oxidation products methyl vinyl ketone and
methacrolein 2
E 006l
KOLBY J. JARDINE*, RUSSELL K. MONSONY, LEIF ABRELL{§, SCOTT R. SALESKAY, = 0.06
ALMUT ARNETH**++, ANGELA JARDINE*, FRANCOISE YOKO ISHIDA{i, ANA MARIA :—
YANEZ SERRANOif, PAULO ARTAXO§§, THOMAS KARLYY, SILVANO FARES***, ALLEN o
GOLDSTEIN++t, FRANCESCO LORETOf{i and TRAVIS HUXMAN™*Y E 0.04
z
@
3
20 0.02
0.00 1 1 1 1

05 1.0 15 20

13 " . ’ -2 =1
C-isoprene emissions, nmolem s



Which role of BVOC?

Holm oak is a strong monoterpene emitter = = major role of BVOC in removing ozone!

0.14 -
Quercus ilex Fares et al. Plant Biol. 2008
012 -
y = 1.8841x + 0.0002
o R*=0.9861
(%3] 0.1
o
e
©
g 008
)
> 0.06 -
©
>
©
S 004- x
g =1.2733x 1 0.0013
[ 2 =
S oo R? = 0.9783
(@)
V—97‘ T T T T T T
-0.01 T 001 002 003 004 005 006 ¢
-0.02 stomatal conductivity to O3 [mol m?s™]
(8]
S .
S e
c
5
=
-------- S
‘‘‘‘‘‘‘‘‘ o

Populus emits isoprene, less reactive with

ozone than monoterpenes, therefore no 002
relevant contribution of isoprene to ozone 002 |
removal was observed stomatal conductance to ozone




Laboratory experiments at Forschungszentrum-Juelich: testing
O3 formation of a-pinene under NOx limited conditions

~75 ppb NO,

Air inlet

Purifi-
cation
Catalyzer

e
Mass flow '}
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] 2
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Part 2: Field measurements to test
the capacity of VOC-emitting trees
to remove pollutants



A canopy-scale approach: Eddy Covariance flux measurements

PM2.5
" NOx
19 m v
15m w
). ¢ Fluxes are measured from the
12m ‘ eddy covariance (EC) between
/ vertical wind speed and gas

X XXX

)

concentration (ozone, VOC, CO,,
H,0), with observations 10
times per second |@, = w X'

m

1m

CO2 flux: Subtracting modelled ecosistem respiration to the Net Ecosystem
Exchange (NEE) , Gross Primary Productivity (GPP) is calculated

Water flux: Stomatal conductance is calculated from measured
transpiration by inversion of Monteith equation, therefore an estimate of

stomatal ozone fluxes is possible

38
Ozone fluxes: sum of stomatal and non stomatal components



How is ozone deposition partitioned between various sinks?

Pollutant Concentration

BIG LEAF MODEL: T |
R, o leaf surfaces

A series of resistances (aerodynamic, __ |
boundary layer, stomata) reduce flux R, S Hr, lf
magnitude from the atmosphere to inside

the leaves, obeying Ohm's law. R teat
Rvoc??? Ry

[C;] | [Os]

it M, 3dc 3dc

I:03 o FO3StO + I:Oanto R R Sy R
sto nsto
. Ry
Soil
Monteith equation to calculate Stomatal OC 5 [es (TO) = egm )]

Resistance, when latent heat is measured T ﬂyE =



Partitioning ozone fluxes among its various sinks: stomata

Eddy Covariance above canopy

Evapotranspiration Water evapotranspiration

)
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Up to 20% is the contribution of soil to ET in the non-rainy days

20



Partitioning ozone fluxes among its various sinks: stomata

Monteith equation to calculate stomatal conductance

After subtracting the evaporative component

0

-5

oc,le (Ty)—e(z,)] &

Ry

03 Flux 3 [03 ]sto _é N
R c

stomatal —
sto

Most of ozone removed by forest is in the canopy region, a portion up to

70% is removed by stomata!

O3 fluxes Spring

i TpryEpngte ]

m—Tital
+  Stornatal

L L L
4 10 15 ]

O3 fluxes Fall
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Eddy covariance data to parameterize Ball-Berry equation

FOR A SINGLE LEAF

m*A*RH
=——+

Gsto -
Ca

G,

FOR A CANOPY

The relationship between RH and Gsto is not linear,
modification of m (=f(H)) calculation produces the
best agreement with observed Gsto

F(H) = Ca*F . CaxG,
V*5*L*pa*(qsat(Ta)_qa)*A A
~~~$
e *bexp(RH)* e
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& o © e 00 ° Q’% oo
o ° g 8 o
40+ o ) o %o o oo&
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Modelled stomatal conductance: the DO3SE approach
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Calculation steps:
1) Characterization of the reacting BVOC species :

Fluxes of VOC species can be measured with GC-MS exposing branches in
enclosures to ozone-free air under standard environmental conditions,
thus obtaining Basal Emission Factors

2) Fluxes are then modelled using the algorithms proposed by Tingey et al. (1993) and Guenther
et al. (1995) in which BVOC emission are function of light and temperature:

exp(%(T—Ts)J
Epwr = BEI{ i) }* G E, = BEF e [(T -T,)]
Vi+atPAR? 0.961+exp (CTZIS'—I'_TT'UJ

Ozone chemical flux from reaction with BVOC

3) Reactivity with ozone: we can

assumed 1 mol (O,) reacting ‘\
with 1 mol (BVOC), considering e ‘ | |
past experiments using smog ‘% s ]
chambers . ) i ‘H |
i |

o bt bl >|H il MMM'M\ \“ \ ‘\ \ “ U‘\ \\” . H u\l’ i,

(o} 50 100 150 200 250 300 350
Day of the Year
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Non-stomatal ozone fluxes: NO

Definition of a BEF for NO acco

FNO(O°<TS10°C) =0.28-T,; - BEF;

NO flux from soil was modeled for all year and we assu
mol (O;), accounting for the uv-driven

0.103T,, : L
FNO(lO°<T<30°C € 'BEF; FNO(T>3O°C) =21.97-T.; - BEF

rding to Firestone

molecules in NO, (Dillon et al. 2002).

et al. (1986) and Steinkamp et al. (2010):

med 1 mol (NO) reacting with 0.8

O, formation due to the conversion of some NO

2

Ozone chemical flux from reaction with NO
[ [ [
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|
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Other non-stomatal ozone fluxes

Cuticular resistance as function of humidity and turbulence Ozone concentration
(Zhang et al. 2002; Erisman et al. 1994)

Reut (dry),

0.03RH LAI 1/4 .u
*

Rcut (wet),

Recut (wet) =
(wet) LAIY? -u,

Reut(dry) =
e

Below-canopy resistances as the sum of in-canopy
aerodynamic resistance and ground resistance as
function of LAI, tree height, turbulence and soil water
content, all parameters measured on site (Zhang et al.
2002, Bassin et al. 2004)
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Evidences from field experiments: the Holm oak urban forest in

Castelporziano
~ 6000 ha, 25 km from Rome
Above the canopies of Mediterranean | downtown
oaks and pines a complex 032—‘1:1%— 03 Sunlight
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formation and ozone deposition Wet & Dry
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Ozone fluxes in the Holm Oak forest

nmol m'zday'1

'
N = 0
= N MO W@ b N O

KPa

o
o

400
~ 300
€ 200
= 100

Ozone fluxes are higher during warm days, when non-stomatal sinks (e.g. gas-
phase chemistry) are higher. Up to 8 g O3 m-2 are sequestrated every year!
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Clear diurnal fluxes of isoprene, monoterpenes and of Methyil Vinyl
Chetone (MVK), one of the main oxidation products of isoprene
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Evidences of non-stomatal ozone fluxes: VOC concentrations

Norm. concentrations and meteor. variables

° T
= Sesquiterpenes

Y | —— 03 conc.
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1| — O3 conc.
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e T
mmmm Hydroxiacetone

|| — O3 conc.

=== O, flux (non stom.)

Hour of day

Sesquiterpenes react with
ozone in few seconds,
therefore they disappear fast
during the day when
atmospheric ozone builds up

Non-stomatal ozone fluxes peak
in coincidence with the highest
concentration of Methyl-vynil-
ketone + Metacrolein, two
oxidation products from
reaction between ozone and
isoprene

SQT>>Isoprene>>Acetone



The field campaign in 2014

Deployment of
PTRMS to the field

Preliminary data show how - site
Holm Oak is a predominant
Monoterpene emitter

Monoterpenes
— Warm days
10+ — Cold days
5 L
ol o i
0 10 20
Isoprene
3 ;
2 L
1 Fluxes peak during the
Oo day because primary

emitted BVOC depend on

licht and temneratiire
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Not only O3 & BVOC: urban Oaks of Castelporziano can
remove PM and NOx from the atmosphere!
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field measurements
in Exeter(Central valley, CA
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Views of Research Site

Seatainer housing
Tower instruments
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03 concentration - hourly average
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Stomatal ozone flux is a minor fraction of total ozone flux

nmolm?2s?

Ozone fluxes - daily average

Fares et al. Env.

Poll. 2012
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BVOC concentration in the Orchard: Fares et al.

ACP 2012
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Isoprenoids are emitted during all year

WINTER SUMMER
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Monoterpenes and isoprene are emitted from the plants as a
function of light and temperature, but still air in the evenings
causes them to accumulate to higher concentrations (highest near

the ground). Fares et al.
ACP 2012



During all year, the orchard is a source of benzenoid compounds

WINTER FLOWERING SUMMER
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Benzenoids are in floral scents, but are emitted all the year even if we don't smell them!

Fares et al.
ACP 2012



BVOC fluxes
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Stomatal and non-stomatal fluxes: final balance

O fluxes, medl\an values 10 AM - 3 PM
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We believe that the model underestimates Fvoc during flowering, because not fully
accounting for the burst of BVOCs coming from flowers.
Fares et al. Env.
Poll. 2012



Long term field measurements
in Blodget Forest

CALIFORNIA
| Airmass Trajectories

Since 1999, Eddy covariance and gradient
measurements of ozone, CO2, have been
performed

Ponderosa Pine Distributios

Through a multiyear analysis (2001-2006), we
observed different sinks of ozone uptake,
elucidating their dependence on plant

physiology and environmental conditions




Daily ozone concentration & fluxes
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Evidence of non-stomatal ozone removal at Blodgett:

e¢]
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Non-stomatal ozone fluxes peak during
the day in coincidence with monoterpene
fluxes and the fluxes of the oxidation
products of monoterpenes (m113)!

BVOC fluxes (umol m2 h'l)

We calculated that up to 40 % of
ozone uptake is due to BVOC!
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How much ozone is removed every year?

Cumulative Ozone fluxes

g — Citrus site
— Ponderosa pine forest /
~ 6

S
o4 i

2 7

0
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TIME (Day of year)

Cumulative Ozone concentrations
« 10° during day hours (SUMO)

2.57
2 =
1.5 /
! /A
0
0 100 200 300
TIME (Day of year)

ppb hours

About 7 grams of ozone are removed per square meter of orchard, comparable to a
ponderosa pine plantation located in the Sierra Nevada Mountains.

The Citrus orchard and Pine plantation have approximately the same efficiency for ozone
removal, since cumulated ozone concentration is similar at these sites.
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Conclusion form field studies (I): Non-stomatal O3 removal as a
proxy of in-canopy BVOC reactivity

Norway spruce

Holm Oak

Ozone fluxes

Ponderosa pine

\ Mikkelsen et al. 2005
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Conclusion form field studies (Il): Ozone impact on GPP

 Reduction in carbon assimilation was more related to stomatal ozone flux than to
0zone concentration.

« The negatlve effects of ozone occurred within a day of exposure/uptake

03 concentration
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Fig. 3 Wavelet coherence analysis to look the temporal correlations between the residuals of gross primary productivity (GPP) and
ozone concentration (a, ¢) or stomatal ozone deposition (b, d) for the Casteporziano site. The colors for power values are from blue
(low temporal correlations with GPP) to red (high temporal correlations with GPP). The thick black line in a and b indicates the cone of
influence that delimits the region not influenced by edge effects. Days of the year (DOY), days after September 1st of year 2011.

Fares et al (2013) GCB



Conclusion form field studies (Il): Ozone impact on GPP

* Long-term continuous eddy-covariance measurements (>9 years at 30 min
resolution) at three Mediterranean-type sites showed that Up to 12—-19% of the
carbon assimilation reduction is explained by higher stomatal ozone flux!

Random Forest Analysis of the effects on GPP at three Mediterranean-type ecosystems: Pinus

ponderosa, Citrus sinensis, Quercus ilex
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Semi-empirical models for the assessment of ecosystem services
provided by urban trees

Remote sensing and modeling

Leaf temperature and
radiative transfers

Photosynthetic flux
density of a leaf

Stomatal conductance

Air pollutants
deposition, BVOC and
carbon fluxes

Bibliography: Goudriaan and van Laar, 1994; Stavrakou et al., 2008;
Farquhar et al., 1980; Baldocchi, 1994; Harley et al., 1992; Ball et al., 1987.




Model validation (in progress)
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Field measurements are used to validate modelled data

M Laurus nobilis M Quercusilex M Pinus pinea
‘\ ; > > > B Quercussuber B Rhamnus spp H Arbutus unedo
j I o " Phillyrea spp 1 Crataegus monogyna = Tamarix spp

CASTEL PORZIANO ESTATE -

Modelled vs measured ozone fluxes in Castelporziano
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Conclusions

Comparing VOC emissions and O; uptake is important for studying the
role of plants for tropospheric O; balance.

Future scenarios of climate change may affect species composition and
BVOC emission.

The O, forming potential of VOCs highly depends on NO, concentration.
As long as air is polluted, strong emitters tend to be a source of ozone. It
is worth paying attention to consider the species with high emission rates
as sources of ozone in urban or suburban area.

Modelling is the way to assimilate experimental results and provide
urban planners a valuable tool to select the most suitable tree species
which maximize ecosystem services. However, extensive
parameterization is still needed!
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IN ACRICOLTUR,

Tato akce se kona v ramci projektu:

Vybudovani védeckého tymu environmentalni metabolomiky a ekofyziologie a jeho
zapojeni do mezinarodnich siti (ENVIMET; r.¢. CZ.1.07/2.3.00/20.0246)
realizovaného v ramci Operacniho programu Vzdélavani pro konkurenceschopnost.



