- mEe &

AT




A’rmospherlc Composition: Sources cmd

How do human-controlled emissions compare with natural emissions?
Are emission controls effective?
What is the impact of climate change on natural emissions?



APPROACHES TO SOURCE ESTIMATION

e Experimental (direct)

e Experimental (less direct)

* Emission modelling

e Estimations based on atmospheric composition
measurements (& models)

NDACC Sites _



http://en.wikipedia.org/wiki/File:EddyCovariance_diagram_1.jpg

Direct measurement of emissions of
volatile organic compounds by trees
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Amelynck et al., 2005, 2013; Dhooghe et al., 2008, 2009, 2010;
Schoon et al., 2008; Demarcke et al., 2010



WHY CARE ABOUT BIOGENIC
A VOLATILE ORGANIC COMPOUNDS avs
(BVOC) ?

Emission idati Particle formation health
and growth
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activation

v¥_ Air temperature

Biosphere Radiation balance
Biogenic effects




How do hydrocarbon emissions depend on temperature and light?
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Emission of monoterpenes by beech trees
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Leaf senescence
induces a decline
in the
(normalized)
emission factors

(M. Demarcke, PhD

Qesis, 2011)
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Measuring the emissions from
the entire forest canopy

Eddy covariance technique : use FAST on-line
measurements of VOC concentration and air

: : anemometer
velocity above a canopy, i.e. from a tower '

agro bio tech



Measured fluxes from a forest near Vielsalm

PPFD (umol m®s”)

dependence on light intensity
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Emlssmns relate to Gross Prlmary Productwnty (GPP)
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Flux measurements in various landscapes

wheat field, Lonzée 2013

: maize field, Lonzée 2012

Grasslands, Dorinne, 2014

To be continued...
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Assess role of
* climatechange

* landuse change
e solar
dimming/brightening
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Simulating atmospheric composition -
the IMAGES model

Schematic for Global
Atmospheric Model

| Horizontal Grid (Latitude-Longitude)

accumulation advection diffusion chemistry, emissions, |

an | deposition
a_l:_V.Uni—{—VO(DV.ni)'i'R—Li
A= m ~

transport by winds & turbulence

Miller and Brasseur, 1995, 1999; Pham et al.,
1995; Granier et al., 1998, 2000; IPCC Reports,
1999, 2000; Stevenson et al., 2006; Dentener et
al., 2006; Shindell et al., 2006; etc.



Impact of biogenic hydrocarbons on the
oxidizing capacity of the atmosphere

Revisiting the chemistry of isoprene
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Modelling organic aerosol formation
BOREAM model =

detailed gas-phase oxidation mechanism for pinenes
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Impact of biogenic hydrocarbons on
organic aerosol formation

Modelled SOA mass yield
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TROPOSPHERIC AEROSOLS
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Ground-based measurements using
infrared sensors

High resolution measurement of absorption
spectrum of solar light in the infrared
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NDACC Sites
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Desert dust seen by IASI
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Methane seen by
TANSO-FTS on GOSAT

retrieval using ASIMUT-ALVL

validation with TCCON measurements
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Long-term evolution of atmospheric

%10 Trop columns at Ny—Alesund
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CO at Jungfraujoch

Dils et al., 2011

Y— T —
NDIR TP —NDIRal
sty filtering 145} —NDIR 2d

1 —— = In situ trend :

- -3.2 ppbv/year

In situ (NDIR) —&**
./ ‘§125-

g 120t

FTIR trend :

115} -0.8 ppbv/year

FTIR partial ;
column,
3.6-7.2 km |
10%7 9.8 9.9 dO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08

time (yy)

02 03 04 05 06 07
time (yy)
N &

—il— This study

L
Bottom up estimate

| —0—REAS V1.1

- —e— REAS v2.1

} —@—EDGAR V4.2

O Streets et al (2003)
® Streets et al (2006)
® Zhang et al. (2009)

200+
180

160
| Top down (inversion)

Palmer et al. (2003)
Wang et al. (2004)
Heald et al. (2004)
Yumimoto & Uno (2006}
Tanimoto et al. (2008)
Kopacz et al. (2009)
100 - —{— Yumimoto & Uno (2012)

" Top down (forward)
80 ' - @ Healdetal (2003)

[ 4 [ 4
emissions ? e v S e B v g v gy v g e L S

Year

1404

1204

CO emission (TgCO/yr)

EONEEO

—— FTIR-NDIR
—— slope=3.16+-0.05
—— slope=-0.68+-0.07

n

L L !
1997 1999 2001 2003 2005 2007 2009 2011




dui8) 7 Biomass burning emission factors

v 7. % derived from FTIR measurements
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Improved emissions based on satellite observations

"Inverse modelling” : Example with formaldehyde (HCHO)
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The continental source of glyoxal constrained by satellite
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Methanol emissions constrained by satellite
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Observed vs. modelled NO, over heavily polluted areas
Beijing area, China, 40N 115E
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Formic acid : quantifying the missing source

Modelled HCOOH

Global source = 36 Tg/year

Modelled HCOOH

—=—"""" HCOOH precursors | Improved source = 102 Tg/year

Large source over boreal forests likely
reflects oxidation of BVOC from conifers Stavrakou et al., Nature Geosci., 2012

" Emissions of unknown




HCOOH column - 10" molec.cm®

HCOOH column - 10 molec.cm™
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