Modélisation couplée de la dispersion
et des échanges de polluants
Le model FIDES

Benjamin LOUBET @ INRA ECOSYS

YoroParislec Benjamin LOUBET loubet@grignon.inra.fr
T T ey www6.versailles- gI‘l gnon. inra. fr/ ecosys




Context

groParisTech

AR




THE NITROGEN CASCADE

Nitrous oxide Greenhouse gas balance
(N,O)

Particulate matter and

Atmospheric N, tropospheric ozone

fixed to reactive
nitrogen (N )

Nitrogen oxides » Ammonium nitrate
N, (NO,) ‘ ® in rain (NH,NQO,)
Ammonia Further emission
(NH.) of NO, & N,O
o _ . " carrying on
Fertiliser the cascade
manufacture ! . &
Crngﬁil:ﬁ;lf ?ggdand ot : ‘ Terrestrial eutrophication
¥y -
S .
‘ cation
- Livestock farming &
N, In for food Natural ecosystems
manure
Leached nitrate JL »  Nitrate in
(NO,) streamwaters

Aqguatic eutrophication




A

&
a.u‘

f

diffusion
L

Turbulent

f

T
Turbulent

f
L

THE PROCESSES
Emissions




Dispersion modelling
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ATMOSPHERIC DISPERSION IS KEY

Inflow: atmos. bound. layer
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THE EXISTING DISPERSION APPROACHES

Lagrangian Stochastic
Air column + diffusion and Randomn walk
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MAJOR PARAMETERS INFLUENCING LOCAL DISPERSION

Concentration at 1 m height with a source at the ground
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LARGE VERTICAL GRADIENTS LOCALLY!
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Surface Exchange modeling
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THE RESISTANCE APPROACH: BASICS

Subject to
advection

Not subject to

advection

resistance




THE RESISTANCE APPROACH: VERSATILE

Depending on the processes accounted for,
several resistance-analog models:

Stomatal Cuticular Two-layer
exchange & stomatal Cuticular
exchange & stomatal
exchange

SCIENCE & IMPACT




THE RESISTANCE APPROACH: AEROSOLS

Va = Vs + 1

Ra(Zref) + Robpart

Also an effect
on the diffusivity !

u*=0.1 ms-1
— —-u*=0.3 ms-1
- u*=0.5ms-1
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Coupling dispersion and exchange
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HOW TO COUPLE DISPERSION AND DEPOSITION

C(x,z) = f(Sources)




AN EXAMPLE: THE OASIS EFFECT
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THE CONCEPT USED IN THE FIDES MODEL

C,= 2. D, S(C)

g~y

" SCIENCE & IMPACT




THE KEY: DECOUPLING EMISSION AND DEPOSITION

C;Soﬂ) C(c
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THE DISPERSION EQUATIONS IN FIDES

a) Advection-diffusion equation

b) Assumption of power-law profiles for U(z) and K(z)

c) Analytical solution (see e.g. Huang, 1979)

Q 1s the source term




EXAMPLE OUTPUT

NH, concentration arround a farm and its and its vicinity (ug NH; m3)
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EFFECT OF ENVIRONMENT AL PARAMETERS
ON LOCAL DEPOSITION
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EFFECT OF ENVIRONMENT AL PARAMETERS
ON LOCAL DEPOSITION
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Example use of FIDES
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DRY DEPOSITION NEAR A HIGH TRAFFIC ROAD

O A6 highway

15 September and 13 October 2008.

73200 vehicles per day (10300
trucks)

Bouligneau-7
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NOx and PM measurements
plants and inert plates receptors 9-m to 284-m




DRY DEPOSITION NEAR A HIGH TRAFFIC ROAD
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DRY DEPOSITION NEAR A HIGH TRAFFIC ROAD
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DRY DEPOSITION NEAR A HIGH TRAFFIC ROAD

—— 20 pm
—&— 5 Um

1.25 um

0.31 pum
——0.08 um
——0.02 pm
=O=Zinc (ug m-2 s-1)

Pb, Cr and Cd - dominated by re-suspended matter rather
than emissions from vehicles




COMPLEX LANDSCAPE

C(z0) (g NH3 m=3)
01/01/2008 = 07h00




COMPLEX LANDSCAPE

Flux(zref) (ng NH3 m-2 s-1)
01/01/2008 = 07h00




INVERSE DISPERSION MODELLING

Concentration
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Emission inferred
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INVERSE DISPERSION MODELLING

Inversion with multiple sources

Loubet et al. 2001, 2009, 2010. Carozzi et al. 2012
Cbgd

Cb gd

Met station




Conclusions
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e Important de considérer le couplage dispersion/dépot
 Composés ayant des flux bi-directionnels (NH.,)

o Différents projets en cours:
« NITROSCAPE, OPEN-FLUID, NH,, Pesticides

 Limites :
 Hypotheses du modele : Zo, U*, L constants
« Mémoire et temps de calcul pour des domaines larges

 Approches de découplage des dépots et émissions
* Prise en compte des échanges bi-directionnels

dans une approche type big-leaf

o Applicables a des échelles plus larges
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MERCI

FIDES disponible

2D : sous excel / VB pour des cours
3D : Matlab /R / C++

Google : INRA ECOYS
Google : LOUBET INRA
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