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1. Abstract

Isoprene is the most largely emitted biogerigdrocarbon in the atmosphere with a global
emission flux of 408600 Tg yf, as estimated by the MEGAN emission mo@@&lenther et al
2006. However, due to the large spatiotemporal variability of the emitting source aondhe
limited representativity of field studigscurrent model estimates are expected to bear
substantial uncertaintigsin particular over areas where field measurements are rseaor
inexistent

The source inversion of atmospheric observationprovides an independentapproach for
estimating the isoprene emission strengths ang used to complement the bottoraup
approach Here we use an inverse modeling scheme consteainby formaldehyde (HCHQ
columns retrieved from th&SOME2 (Global Ozone Monitoring ExperimeR satellite sounder
between 2007 and 2012More preciselythe discrepancy between formaldehyde columns
calculatedby the IMAGESvV2 global CT&/minimizedand those observed from GOMEby using
the adjointmodelmethod. Thismethod allowsfor the optimization of the emission strengths at
the model resolutionvhile providing a differentiation among thelifferent emissioncategories
(anthropogenic, biogenic, biomass burning)

The globaltop-down isopreneemissions are fountb remaincloseto the a prioriinventory. The
satellite constraintsuggesimoderateemission decreasesf about 10%over Europe and North
America reaching20%over Australiag whereas overEquatorialAfrica SouthAfricaand Russia
emissionincreasas of about 15%are inferred. Locally, however, the inferred changeften
reach 100%The update biogenic emission estimates atemparedwith independent regional
bottom-up and topdown literature estimatesand areavailableat the GlobEmission website
(http://www.globemission.eu).
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3. Introduction

Isoprene is themost largely emitted biogenic non-methane volatile organic compound
(NMVOGQ in the atmosphere Global annualsoprene emissiongare estimated at 408600 Tg
and account fombout 50 % otll global NMVOC emissiofGuenter et al, 2006. Next to the
role ofisopreneasan important precursor of organic aerosol and of tropospheric ozl et
al., 2006 Fiore et al.201)), it affects theOHlevels in the atmosphetendtherefore itimpacts



the atmospheric oxidatiortapacity(Lelieveld et a).2008. Forthese reasons correct estimates
of isoprene emissions are of major importanoenvironmental and climatscience

The Model of Emissions of Gases and Aerosols from Na&rsgon 2(MEGAN2) is the most
commonly usd bottom-up isoprene inventorylt parameterizes the emissions as functions of
temperature radiation levels soil moisture stressand leaf ageg(Guenther et al.2006). The
model incorporateghe results of numerous field and laboratosyrveys and incldes ahigh
resolution databasdor the distribution of plant functional types and dheir basal emission
rate. However due to a large spatiotemporal variability ohé emitting sourcesubstantial
uncertainties remairfMuller et al, 2008).

Satellite olservations of formaldehydéHCHQ a high-yield productof isoprene oxidationhave
been used toprovide useful constraints on isoprene emissionsnumerous studiesHCHO
columns from GOME,SCIAMACHY and OMI sensbesve been usedo derive isoprene
emissonsover North America (Palmer et a&2003 Millet et al. 2008, South AmericBarkley et
al., 2008 2009, 2013 Europe(Curci et al 2010, SoutheastAsia(Fu et al, 2007), Africa (Marais
et al., 2012)and on the global scal&him et al 2005 Stavrakou et al. 2009).

In this study we provide a globakatellite-basedisoprene emissionnventory for 20072012,
based ortop-down constraing provided from HCHO vertical columns obtained ftaedGOME
2 instrument In Section4 the a prioriisoprene emision estimatesthe IMAGESv2 modethe
GOME2 retrievals andhe inverse modeling techque are briefly presentedSection Hresents
the comparisons betweera priori and a posterioriisoprene emission estimateskinally, the
conclusions ar@reseried in Section6.

4. Data and model description

The globallMAGESvZhemical transportmodel provides the global distribution aiver 100
chemical constituerso SG 6 SSy G KS 9 I thelidkver Stratasphede at O resollitighR
of 2°x2.5> and 40vertical levels. The model is thoroughly described in previous publications
(Stavrakou et al., 2013, and references therelblirnal variationsn the photorates andn the
concentrations are accountedhrough correction factors computed via a diurnal cycle
simulation with a 20minute time step. Diurnal profiles are uséal estimate theHCHOmModel
columns at the overpass time of GOMID.30am)from the daily average.

The a priori isoprene emissiondMEGANVECMWFyare taken from Stavrakou et al. (2013).
Theyare based on the MEGANv2 model (Guenther et al., 2006) coupléde MOHYCAN
canopy model (Mdller et al., 2008), amtlude (i) land use changes on global scale based on the
study of Ramankutty and Foley (1999), and isoprene emissions from oil paltatjglas in
Malaysia and Indonesia (Koh et,#011; Miettinen et al., 2012)ji) lower isoprene emission
rates from tropical forestas suggesteftom the field study of.angford et al(2010)conducted

in Northern Bornegpand (iii) correctionsn ECMW£Fsolar radiation fields based wurface solar
radiation datain China, India, and Japan (Wild et al., 2009; Xia, 2010).

The GOME2 HCHO columns arttieir error characterizatiorare thoroughly desched in De
Smalt et al. (2012) Theretrieval settings werechosen so a minimize the effect of spectral
interferences, to contend with ozone absorption at low solar zenith angles, aratdoess



instrumental drifts.Monthly GOME2 HCHO columns binned onto the resolution of IMAGESv2
are used in the inversion. Cloudy pixet20%) and oceanic data are excludieshn the monthly
means The error irthe observed columns is taken equal to an absolute error of 2xholec.

cm? which isadded to the retrieval error, and is generatiymprisedbetween 30 and 40%.

The modelled columns are confronted with thlCHCGcolumn data following a 4nonth spirup

at the satellite overpassime. Themismatchbetweenthe HCHGcolumnsobservedby GOME2
andcalculatedby IMAGESvEhodelis minmized using the adjoint modé&tchnique (Fig. 1) This
technique allowsfor the optimization of the emission strengths ahe model resolutionfor

three emission categories : anthropogenic, pyrogenic and biogenic (isoprene and terpenes),
using an error correlation scheme detailed in Stavrakou et al. (2009). In this study the error on
biogent emissions is set at a factor of 2.5.
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Fig.1: The discrepancy betweebservedformaldehyde columnsA) and those calculateldy the IMAGESvEhodel
(B) is minimized using the adjointethod (D)to obtain updated brmaldehydecolumns (C)

5. Results
Fig.2 illustratesthe a posterioriisoprene emissions and the emission incremefth respect to

the a prioriin 2010and Table 1 summarizes thee prioriand a posterioriisoprene emissions
Tglyr for 20072012 over 10 regions and on the global scaldheupdated emissiondie closeto
the a priori. Thesatellite observations suggest arterannual variabilityof the emissionghat is
similar to the one of the a priomventory with highst emissions in 2010, knowasone of the
warmest yearof the 20" century.Moderate emission decreaseme deducedabovebig regions
like North Americaand Europe(10%) whereasincreases by 120%are found over South and
Equatorid Africa Russia and Easn South Ameica. The strongestlecrease (20%) is inferred



over AustraliaHowever, locallystrongeremission changeseaching 100%re suggestedFig.
2).

On the global scale, the tegiown results are found to be at the low end of previous bottam
estimates, and by about 120% lower than a previous inversion study using SCIAMACHY HCHO
columns(Savrakou et al. 2009)Arneth et al. (2011) showed thatrongdiscrepancies among
bottom-up estimates arise when an emission model is driven by different climatologies and/or
vegetation distributions (Table 2). The a priori isoprene emissions fromtody sre close to

the value of 383 Tg/yin Arneth et al. (2011) obtained by using the same emission model and
vegetation map as our caseut with a different climatology.

Over Europethe observationsuggest a decrease of the emissions by about. T0# decrease
is corroborated by previous estimates frobottom-up and topdown studies The updated
isoprene emissions are within the same rangerathe EMEP inventorySimpson et al1999),
the NatAir inventory(Steinbrecher et aR009 andtop-down enissionsfrom an inersion study
using OMI HCHO observatiofGurci et al 2009. Moreover, the inferred decrease of the
isoprene emissions in July 2008 from 1.7td@d.4 Tgbringsthe optimized emission estimate
closer to the value of Karl at al. (2009) for July 200d.8Tg), despite a persistent
overestimation especially over high latitudemost likelyrelated to higher uncertainties in the
GOME2 HCHO columns in those regions (8)g.
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Fig.2: Left: Global annuabptimizedisoprene emissiongn 2010 (kg/grid). Right Percentage soprene emission
incrementsin 2010with respect to the a priori inventory.

A decreasdy almost 12%n the isoprene emissions is derived over North America (Fid.hs

Is in close agreement with the bottouop estimates ofie BEISthventory (Palmer et al. 2003),
but lower thanthe GEIlAbottom-up estimate (Palmer et al. 2003) and the MEGAN estimate
(Millet et al. 2008) (Tdb 2). The topdown estimates based oa linear regression of HCHO
columns and isoprena the GEOE£hemCTM(Palmer et al. 2003; Millet et al. 2008) are found
to be bothhigherthan our results.However the inferred decrease our studyis n line with

the decrease of ME&N isoprene estimates over US suggestethkyfield studyof Warneke et

al. (2010)based omairborne measurementover North America



Teble 1: Interannual variability of tha priorianda posterioriisopreneemissions (in Tg/yr) betves 2007 and 2012
for the 10 regions defined in the lowgranel and globally The averagencrement per region for the period
between 2007 and 2012 is given in the panel.

North America 335 324 300 275 298 247 341 303 342 300 338 278
Western SouthAmerica 109.1 107.4 105.1 101.3 111.2 104.8 117.4 109.2 107.5 109.3 114.2 98.6
Eastern SouthAmerica 295 348 273 316 298 316 319 371 279 325 295 362
Europe 6.9 6.9 6.0 5.2 6.2 5.6 7.8 7.5 6.9 6.3 7.0 5.8
North Afr.+ Mid. East 2.6 2.6 24 2.2 25 2.3 2.8 25 2.6 2.4 25 2.3
EquatorialAfrica 655 881 641 746 661 770 696 784 663 739 658 688
South Africa 9.7 145 96 101 101 109 105 119 103 109 9.9 103
Russia 9.6 119 9.2 10.0 80 10.3 9.5 106 9.6 106 106 13.7
Southeast Asia 350 374 331 351 371 388 376 386 351 364 361 361
Australia 383 336 32 306 375 274 411 312 397 314 393 321
Global 340.6 3705 322.8 3289 339.2 3343 363.3 358.1 340.8 3444 349.4 3324
North America 13 75 -170 -40
Western SouthAmerica -60 13 -90 -52
Eastern SoutiAmerica -35 5 -52 -36
Europe 36 75 -15 50
North Afr.+ Mid. East 15 37 -20 65
EquatorialAfrica -15 15 -20 55
South Africa -35 -15 -20 55
Russia 37 75 50 179
Southeast Asia -10 37 65 170
Australia -50 -10 110 179

Over South America the emission updates exhibit similar seasonal and interannual patterns
throughout the entire period, with enhanced emisss during the dry season (September
November) in the eastern South Ameriaad lower emissions during the wai-dry transition
(May-June) in the western South Amerifiag. 4. Similar updates weréerived fromprevious

work based on SCIAMAY measuremets (Stavrakou et al. 2009nd corroborated by
methanol columns retrieved from the IAStavrakou et al. 20113and TES satellite sensors
(Wells et al., 2013)rhe emission enhancement during the dry season in eastern South America
could be explained byhe fact that the deepooted trees presentin this region are less
sensitiveto drought Saleskaet al., 2007)and therefore have a stronger emitting capacity than
assumedin the MEGAN modelwhich incorporates the effect of soil moisture strems the
emissionsOn the other hand, the declining isoprene emission flux inethe of the wet season

in the western Amazon could be the result of leaf abscission during the wet season and net leaf
flushing with the onset of the dry season (Barkley et al., 2009; Myneni et al., 2007).



Table2: Comparison o& priori and a posterioriisoprene emissiono literature estimates The isoprene emissions
are expresseth Tg/yr. For studies that provideoth bottom-up andtop-down emissons, bottomup estimates are
marked by* andtop-down by** .

372.5419.8 328.93705 574.6 Levis et al(2003
548.5 Sanderson et a(2003
514.5 Naik et al(2004)
500750 Guenther et al(2006)
521.3 Lathiéere et al(2006)
410 Stavrakou et a2009
532-766 Ashworth et al(2010
242-1118 Arneth et al.(2011)
5.66.7 4.86.3 45 Simpsoret al. (1999
3.33.5 Karl et al(2009
4-5 Steinbrecher etl. (2009
3.74.3 3.03.8 2.8* Curci et al(2009
2.7%
4.35.6 3.25.1 8.0* Palmer et al(2003
2.9*
6.4**
3.95.0 2.64.3 5.5% Millet et al. (2008)
4.6*
4.3
127.5144.6  127.8141.4 322.3* Barkley et al(2008
205.4**
72.282.2 80.7-104.5 87.3* Marais et al(2012
68.0**
33.037.2 35.1-38.4 56.0* Fu et al(2007)
52.0**

!These data are expressenTg/month since the respective studies focus on the summer period
2Fuetal. (2007) uses a noectangularregion within these coordinates
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Fig.3: Comparisorbetween the a prioriand a posterioriisoprene emissions above Eurojpeluly 208 against the
isoprene emissiomventory of Karl et a(2009)in July 2004.
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Fig.4: Seasonal variatioof a priori (blue) and optimized (greeisppreneemission estimates through 20012

Over Africa the optimized emission fluxes are found to be by about30% higher tharthe
MEGAN estimate, the increase being more significant (c&096) in Southern Africklowever,

the recent topdown estimate byMarais et al. (2012), which is based on OMI HCHO columns,
suggestsa decrease of isoprene emissions by 22% with respect to the beattprastimate,
probablyrelatedto lower observed OMI HCHO column densittesnpared toGOME2.

Finally, m Southeast Asia, the timization provides support to the a priori estimates
corroborating the reduction of isoprene fluxes based on thellDEampaigrflux measurements
in Borneo(Langford et al2011)which wasimplemented in the a priori inventory (Stavrakou et
al. 2013).

6. Conclusions

We have derived satellitebased global isoprene emissionsonstrained by formaldehyde
columns retreved from the GOMR instrument through 2002012. These estimatese found

to lie closeto the a priori inventory. The satellite constrénsuggest moderate emission
decreases of about 10% over Europe and North Amenbayeas over Equatorial Africa, South
Africa and Russia emiss®are increased by about 15%ocally, theemissionupdates are much
stronger and reach 100%.The updated biogenic emission estimates are coragawith
independent regional bottorup and topdown literature estimatesndare found to bebroadly
consistent with most independent inventorieghe satellitebased isoprene emission fluxes are
freely availablevia the GlobEmissigprojectwebsite (vww.globemission.el



http://www.globemission.eu/
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