ECHANGES DE GAZ-TRACES ET DE
PARTICULES ENTRE LA TROPOSPHERE
ET LA BIOSPHERE

+ Contexte:
— Pourquoi s’intéresser au échanges biosphére atmospheére?

— Les grands cycles biogéochimiques

* Concepts importants
— Dépots secs et dépots humides
— Flux diffusifs et turbulents

— La notion de résistance au transfert

* Les modéles de type résistifs
— Introduction a la couche limite de surface
— Les résistances aérodynamique et de couche limite
— Les résistances de surface et la vitesse de dépot
— Modéles grandes feuilles et les modéles multicouches
— Le cas des particules
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POURQUOI SINTERESSER AU ECHANGES
BIOSPHERE-ATMOSPHERE?

« Météorologie - Evapo-transpiration
* Energie
* Fonctionnement des écosystémes * Photosynthese

* Respiration

* Réchauffement global * Emissions de N,O, CH,
* Emissions de NH,

« Dépots de particules

* Pollution atmosphériques * Dépots 'Oy
* Dépots de NO,
* Emissions de COVs

* Maladies / OGM  Particules biotiques
* Pollens




LES GRANDS CYCLES
BIOGEOCHIMIQUES

* Le réchauffement global

* Le cycle des aérosols

* Les sources et puits de composés biogéniques
* Le cycle de I'azote

- Les 1impacts des polluants




OVERVIEW

« Context
— Global cycles (C, N, other)
— A world under stress

— A changing world (GHG, N-threats, agro-ecology
transition)

* Upcoming challenges
— Characterise and predict

— Measurements and Modelling
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Global cycle - N
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GLOBAL CYCLES - CARBON
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Global cycles - Carbon
_ Active Pools
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Global aerosol cycle
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Aerosol cycles

=
2 INRA

= SCIENCE & IMPACT




"~ SCIENCE & IMPACT

0.4
m/Jahr

0,3

falling velocity (Stokes)

0,2 0,2

m/Monat m/Tag m/Std

0,3 0,9
m/min m/s

Haze, smog cloud/fog drizzle

Windborne dust

-y

sand

B "

rain

Bakternien

o

H

i

0,01

0.1 1

10 100

Aerosol equivalent diameter (um)

1000 10000

D’apreés J. Burkha



A WORLD UNDER PRESSURE
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LA CONCENTRATION DES GES
AUGMENTE

Concentrations of Greenhouse Gases from 0O to 2005

Carbon Dioxode (CO,)
Methane (CH.)
—— Nitrous Oxide (N,0)

+40 ppb

(+13%)

Carottes
laciere
L James Lovelock (1958)
Chromatographie
gazeuse & détecteu
a capture d’électroa

IPCC, 2007
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LE FORCAGE RADIATIF ET LE RECHAUFFEMENT

GLOBAL
Radiative Forcing Terms 1750 - 2005
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Trends in Reactive nitrogen

Production of the Reactive Nitrogen

Ron Nielsen, http://home.iprimus.com.au/nielsens/
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THREATS : NITROGEN
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IMPACTS SUR LA SANTE DES AEROSOLS
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MILLIONS OF THESE DUST PARTICLES
STRIKE AND STICK TO THE MOIST Pal’tl cu I es

SURFACES OF-
1. DUST PARTICLES ARE INHALED BY THE g >10
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4. THE WORST DAMAGE CAN BE DONE BY
THE SMALLER OF THE FINE PARTICLES
WHICH REACH THE FINEST LUNG SPACES

. THE ALVEOLI ! Particules
3 5-10 V!

0. me\ swauesteavimesor | Particules

SECTION ENLARGED | : NG (THE
TO SHOW ALVEOLI f AT THELNG (THE ALVEGLD g<b5 9

|

N ALL THESE OAGANS, REPEATED OR HEAVY EXPOSURE TO ORGANIC DUSTS MAY
INDUCE AN ALLERGY TO SUBSTANCES IN THESE DUSTS, AND ANY FURTHER CONTACT,
EVEN WITH SMALL AMOUNTS, CAN THEN PRODUCE SUCH SYMPTOMS AS ASTHMA,
FEVER, GENERAL TIREDNESS AND SHORTNESS OF GREATH




DES EFFETS COMPLEXES SUR L’ENVIRONNEMENT
EXEMPLE DE I’ AMMONIAC
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THREATS : NITROGEN
Loss in life expectancy
attributable to PM, .

Critical load exceedance
for N effects on ecosystems

Loss in average life
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EXAMPLE BIODIVERSITY LOSSES

EFFECT OF N

Sweden before and after 10 years N supply
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Understorey




THREAT : FOOD SECURITY

Wheat yield increase in 2010




Threat : food security - ozone

Foliar damages

Tabac (Nicotiana
tabacum)

Agronomic impacts

110

100- —_—_
-

90 - —

804 ~ =

70 B Sorgho
60 -

50~
404
30-

Rendement % du témoin

20+
10

0 T T T T T T
0 50 100 150 200 250 300 350

v
o

\ “. )
‘ GreE(:e.'D‘Velissari
@ )

Ozone (pug/ms3) moyenne journaliére (7h/jour)

[;
o




THREAT : BIODIVERSITY

tonnes of active ingredients
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Threats : Planetary boundary
exceedance
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TRANSITION TO A

NON-FOSSIL-FUEL
N-P-EFFICIENT
BIODIVERSITY PROTECTIVE
HEALTHY

WORLD




Transition to a non-fossil-fuel world

Fossil fuel and industry AFOLU BECCS

Billion tonnes OO, per year {GECOz/yr)

P4

IPCC 1.5° special report (2018)
BECCS : Bio-energy with carbon capture and storage
. Agriculture, Forestry and Other Land Uses ‘
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TOWARDS A BETTER USE OF

Dans les Consommeé
Fertilisant Fertilisant Absorbé Récolté aliments
Produit utilisé par la .,
P plante Végétaux
: Animaux
 Better recycling

* Less meat production 0 e




TRANSITION TOWARDS AGROECOLOGY

DIVERSIFIED
AGROECOLOGICAL FARMING

Connectto Markets .............. Relocalize
Diversify ............_...... Diversify
Mechanize ........................ Reduce chemical inputs
___ Build knowledge . Build knowledge

s

INDUSTRIAL AGRICULTURE
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TRANSITION TOWARDS AGROECOLOGY

- Use biotic interactions, self-regulations and
biodiversity rather than pesticides

- Exploit non-renewable resources very carefully and
promote recycling

* Combine indigenous knowledge and scientific
outputs

- Bind actions at plot, farm, landscape and food system
to find solutions ecologically, socially and
economically affordable

* Help famers to find their own finely tuned systems
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UPCOMING CHALLENGES

1. Characterise the impacts

— On climate, health, food production, biodiversity
2. Predict future changes

» Require

— Measure reactive trace gases and aerosol fluxes
* Under real conditions to quantify and provide validation

* Under controlled conditions to understand and provide
wider range of conditions

— Model reactive trace gases and aerosol fluxes

* In a changing world (climate, land use, fuel-transition)




Time Scales and Spatial Scales
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Infroduciion o

Ecological Climatology

Contepes and appiications
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THEIR STRUCTURE AND MEASUREMENT
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SUPPORT DE COURS

http://wwwb6.versailles-grignon.inrae.fr/ecosys

(aller dans 'onglet Productions / Cours)

w The European
«w  Nitrogen Assessment
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