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Source.intensity: measurements

Chamber or bag

Air concentration

(2 levels, see C. Leyronas)
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Relaxed-eddy accumulation

(development planned in 2010
fo r m i C rObi al fl UX) FI1G. 1. REA system for aerosol particles: DMPS and IRGA. One

of the concenfration measurement devices can be used at a time
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Source.intensity
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Ex.: aerosol suspension

F=F (u(t), u., stab...)

Ex.: pollen emission
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Model parameters depend
on microclimatic factors
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Marceau and Huber (2007)

index of daily pattern emissio

parameter estimates
Year P1 tmax1 F1 P2 tmax2 F2

2004 189 815 0.85 186 1517 0.02
2005 1.91 798 061 268 1222 0.27
2005 362 1025 08 296 1828 016
2006 392 873 068 297 1634 0.31
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Turbulent transport I
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Gaussian plume

Lagrangian model




Eulerian modelling




Turbulent trans

Model type

CFD Atmospheric models

Aquilon

12332237




Surface modelling

Drag force, several sources Roughness, one source

12332237




Foudhil, Brunet, Caltagirone (2005) Env. Flu. Mech.

RANS

z/h

x (m)

Dupont. Brunet (2008) Bound. Laver Met.
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Transformation

Regulated temperature
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Pollen viability

Viability depends on
water content
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Pollen water content

A model for pollen
dessication

V,db/dt = - E
E = Agtr 8er O
A=A, 0

geff =84 8s / (ga w gs)

O = saturation deficit

de/dt = - (Ap/Vp) 9 geff 6

6 (t) = exp [+ (Ay/V,) guqr Ot]



Transformation

Good prediction of
pollen dessication

Relative water content

0.005 0.01
Saturation deficit (kg/kg) x Time (s)

0.015

A model for pollen
dessication

V,db/dt = - E
E = Actr Ser O
A=A, 0
Beff =995/ (80 *+ 85)
O = saturation deficit
dé/dt = - (A,/V,) 0 g O
8 (t) = exp [- (A/V,) geqr B ]



Transformation —

Inclusion of Eulerian pollen transport

For alive and dead pollen, add conservation equations

- for pollen concentration
oC, / ot = adv + turb + gravity - T, (N gr m)
- for pollen water concentration

SW,, / 8t = adv + turb + gravity - T, - (kg m3)

gravity a V.(0) (Aylor, 2002)
T, 4 a dG(6) / dt (Aylor, 2003)

a A 0840 (present model)
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Canopy structure Vy =V (1+LAI) (Yao, 1997)
Turbulence Vy =V, +0.1u.  (Callender et al., 1983)

Particle size and shape Vy =2X%XV, (McCartney, 1991)
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A few.modelling examples
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The plant canopy scale

R
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Model evaluation Dupont, Brunet, Jarosz (2006), Ag. For. Met.
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The plant canopy scale

Concentration

b Dépot par impact 1 1 [ 1 [ ]
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Sedimentation




. ——— e e e e e e e e s e

o 10 e WL W U W W N WE S WS WS WL HES 0 30 e N N T W W s W W W W | \ LAY A VNN A VAV A B
Q:b:&:&:b:&:&:x;b:&:&L&&%ﬁ;&%&&&%&&&%&&&&&%& XN ERIRIRIN




Single.obstactes

Fence height

Fence
width

+
position




Zones boisées

Zones boisées extérieures

Zones détruites en 99

- Batiments
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Recirculation
zone

Sweeps in top canopy

Sweeps within canopy

Quiet zonﬂ

—
—
—

Zone de
sillage




Regional scale: long-distance dispefsal~""

Simulation of regional transport with Meso-NH

(a 3D, non-hydrostatic mesoscale atmospheric model
developed by Météo-France and Laboratoire d’Aérologie)

Thl"El!E nested dﬂIT_IHJI'IE th mesh sizes of 32 km, 8 km and 2 HI_TI

Plars.amr -




A case study:

simulation of dispersal and
deposition downwind
from a single field
(July 10, 2003)

fictitious field, 12 x 12 km

z(m)

14h UTC

z(m)

18h UTC

z(m)

DeposItion (gr/me)

B abBbBbBb

H D D D
Deaeiortesue(a)
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0.05



long-distance di
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Map of maize fields
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Regional scale: long-distance di

Model evaluation

Test model results over transects with
aircraft measurements at various
heights and times (e.qg. 12 July 2003)

z (m)
2000+ OhUTC 12h UTC 16h UTC
| obs. ¢
1500 ¢ model ‘
o
1004+
I
504
ST 7 3 0 1 2 3 01T 2 3

grains/ni grains/ni grains/m




Regional scale: long-distance dispersal

z=1200 m Pollen concentration
ShUTC 1ZhUTC 16h UTC

100
% (kerl) % () % (k)

Z =500 m
ShUTC 12Zh UTC 16h UTC




Regional scale: long-distance dispefsat— "

z=1200 m Pollen viability
OhUTC 12ZhUTC 16h UTC
350 350
300 300
250 250
g
200 g 200
150 150
100 100
& 100 200 8] 100 200 8] 100 200
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Regional scale: long-distance dispefsal =~

Pollen deposition
Accumulated deposition

0.000251189
0.0001

steady decrease
outside of maize
region

350F
B Z
i grm large deposition
300 B over maize areas
i == 0.158489
250 L 0.0630957
= i Q0251153 "background
B 0.01
:_5/ i 0.00398107 levels" in
= 200F 0.00158489 .
: 0 000830057 enclosed regions
100F
0




Conclusion-

e A range of atmospheric models
e Inclusion of particle transport and transformation
 Possible use in all domains of Aerobiology:
- pollen transport (GMO, biodiversity, allergies...)
- pathogens (spores, fungi...)
- dust, sand...
- microbes

e Inclusion of microbial aerosols to be done

Merci



