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Abstract

The capability ofglobal Chemistry and Transport Models (CTMs)simulate atmgsheric
composition and itspatial and temporahangeshighly relieson the input data usday the

models in particular the emissioinventories Biomass burningmissions show large spatial

diurnal seasonal and ye#o-year variability.In thepresent studywe applied a global 3D CTM [Daeled; daily

to evaluate uncertainties in tbtemputed atmospheric compositiassociated with the use of

different biomass burning emissioand identify areas where observational datafezp to Deleted: improve in reducing

in the calculated load of aerosals to a factor of 4Assumptions ontte injection height of the Deleted: introduce

reducethese uncertaintie$Ve find the emissiomventorychoice tQeadtq regionaldifferences [Deleted: beable
{Deleted:

biomass burningemissionsare found to produceegionally up to 3@6 differences inthe

calculatedropospheridifetimes of pollutantsComputecchanges in lifetimepoint toa strong

chemical feedback mechanism between emissions from biomass burning and isoprene

emissions from vegetatiahat are lilked via NO,-driven oxidant chemistryNOx-dependent {Deleted: oxidant chemistry.

changes in isoprene oxidation produ@srosol emissions and atmospheric transfgdrese

interactions reduce isoprene load in the presence of biomass burning emissih5%
calculated for the same amount of isoprene emitted into the troposjphesgisoprene load

and lifetimeare inversely related to thguantities of pollutants emittdaly biomass burning

This feedback is shown tbe able to increase ttgpparentsecondaryaerosol yield from {Deleted: effective

isoprenedefined as the ratio of tropospheric loads of secondary aerosol from isoprene oxidation

to that ofisoprenepy up to 40%
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1 Introduction

Atmospheric composition is affected by emissions of reactive gases and aerosols to the
atmosphere by several natural (e.g. soils, vegetation, oceans, volcanoes, wild fires) and
anthropogenic sources (e.g. industrial and residential activities, transpdrishgpping).

Among these sources biomass burning plays a central role for atmospheric chemistry via

changes in the atmospheric composition but also impacting on the ecosystem functioning

through atmospheric deposition of nutrients and the lifecycle aftadg

Keywood et al., —{ Deleted:

(Keywood et al., 2013

2013. Biomass burning is positioned between the natural (wild fires) and hintaced

(intentional burning) sources of atmospheric pollutants since a fraction of open fires is induced

by humans for agricultural and city expansion purpgkesine et al., 199For for protection {Deleted:

(Levine et al., 1995

against fire itselfMutch, 1994. Biomass burning ianimportant source of trace constituents [De|eted:

(Mutch, 1992

to the atmosphere including radiatively and chemically reactive gases and agkkagiset

al., 2011 Andreae and Merlet, 2091t is the largest source of primary carbonaceous aerosols

(Bond et al., 2004and the second largest source of volatile organic compd\i@iS) in the {Deleted:

(Bond et al., 200¢

J

atmosphere after the emissions from vegetdtiarenther et al., 201 2nd of carbon monoxide {Daeled;

(Guenther et al., 20)2

J

(CO) after anthropogenic emissioftsanakidou and Crutzen, 1990fister et al., 2005 {Deleted:

(Kanakidou and Crutzen, 199Bfister et al., 200}5}

Emissionsfrom biomass burningnd their transformation in the atmosphere affect air quality

(Lelieveld et al., 200¢ interact with radiatioffReid et al., 200band the atmospheric water Deleted:

(Lelieveld et al., 200¢4

(Reid et al., 200p

cycle and thus affect climaf®osenfell, 1999. In turn climate changis seen to impact on %De'etedi

wild fire occurrence and intensity. For instance the exceptionally intensive 1997/199.2¢'ted:

(Rosenfeld, 1999

Indonesia fires have been attributed to the combined strefidhie EIN i faod thelndian

Formatted: English (United States)

Ocean DipolgField et al., 200p

Field Code Changed

Field Code Changed

Significang changes in the trends of atmospheric concentrations afaBH CO have been % od
| Deleted:

observed

attributed to the changes in the biomass burning emisg&msnonds et al., 2005Most of

[ Deleted:

(Simmonds et al., 2005
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these emissions occur in the tropics that are subject to intensive photochemistry in the presence

of high humidity conditionsind significant convective activitig¢€hatfield and Delany, 1990 [De|eted;

(Chatfield and Delany, 199Crutzen, 199%

Crutzen, 1994 During summerri the high latitudes boreal forest firesntribute about 12%

to the global biomass burnirgmissiongL a v o u ® e } andcén.be so 2ntersive and [Deleted:

(Lavou® el

to

convectivethat their emissiongeach the high troposphere and low stratospfier@nm et al., [Deleted:
2000. {Deleted:

(Fromm et al., 2000
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Tropical photochemistry is controlling the lifetime of most atmospheriltifaots (Crutzen,

Deleted: (Crutzen, 199%

Deleted: (Crutzen and Andreae, 1990

1994 Keywood et al., 2013 including reactive greenhouse gases like metti@h&) and [
ozone(0Os), and thus their persistence in the atmosphere to impact on radiation and climate. l{

Deleted: (Dirksen et al., 200%Edwards et al., 2006

Deleted:

to about 25% of the net global photochemicaldpiction of tropospheric ozone has been %

Deleted: pollutants

attributed to biomass burning emissions and chemistry in the atmo$pheimen and Andreae, {

Deleted: (Lelieveld et al., 2004

1990 Jaffe and Wigder, 2032 ong range transport of biomass burning aerosols has been see{

Deleted: (van der Werf et al., 2030

to happen fast within one or two weeks both downwind trogigiaksen et al., 200FEdwards {

)
)
)
(Jaffe et al., 2004 }
)
)
)
Formatted: English (United States) J

et al., 200p and high latitude source@affe et al., 2004 Thus this source is affecting
atmosphericpollutantievels-in-remote-environments.-For-instance;-chemical-ageing-of fire
plumes has been identified @ntributor to thehigh ozone over the Atlantic oceghelieveld

Deleted: , experimentally determined pollutant emission
factors(Andreae and Merlet, 20Q0&and assumptions ohe
state of burning of the biomass (smoldering or flamirzg
der Werf et al. (2009) All these factors introduce
uncertainties in the emissio(Granier et al., 2001 The
injection height of the fire emissions

et al., 2004 Therefore it is important to simulate the impact of bionsaing emissions on [

Deleted: (Dentener et al2008 Sofiev et al., 2012 J

tropospheric composition and pollutant lifetimes and to evaluate the uncertainties in /su

simulations.

Several biomass burning emissimventorieshave been constructed basedbamned area,

active fire detections, and plant produiti from satellite observatiopg/an der Werf et al.f,

2010 or onassimilaedFire Radiative Power derived from satellite observat{ésser et al.,

2012 andexperimentally determined pollutant emission fact{@nsdreae and Mdet, 2001

and assumptions on the state of burning of the biomass (smoldering or flaaringer Werf

et al. (2006). All these factors introduce uncertainties in the emisgi@mnanier et al., 2011

Wiedinmyer et al., 2011 In particular,the size of smalfires can be overestimated and the

number of fires can be underestimated when seen by sat@Nitedinmyer et al., 2001 The

injection height of fire emission®entener et al., 200&reitas et al., 200 Bofiev et al., 201

is an additional cause of discrepancies in the model estimates of the impact of these fires

tropospheric compositionThe height distribution proposed Bentener et al. (200Gused in

this work) is based on wildfire location and type, where the distribution descrilssdiav et

al. (2012)is based on the fire characteristics (fire intensity, temperature of phype of

source)as well as the meteorol@al conditions (atmospheric boundary layer height, free

troposphere)These two approaches show similaritieemissionheightsover North America

and Oceanighut over Eurasia, Australia and South America the two methods show significan

differenceqSofiev et al., 2018 A plume height climatology over North America has been also

derived by analysis of-§ear satellite observations by MI§Ral Martin et al., 201pwhich
compared to th®entener et al (2006) vertical distribution of fitere(20006000 meters)

Deleted: is an additional cause of discrepancies in the
model estimates of the impact of these fires on tropogphe
composition The height distribution proposed Bentener et
al. (2006)(used in this work) is based on wildfire location
and type, where the distribution describe®aofiev et al.
(2012)is based on the fire characteristics (fire intensity,
temperature of plumeype of sourceps well as the
meteorologcal conditions (atmospheric boundary layer
height, free tropospher€eJhese two approaches show
similaritiesin emissiorheightsover North America and
Oceania, where over Eurasia, Australia and South Ameri
the two methods show significant differen¢8sfiev et al.,
2013. Plume height climatology over North America has
been also derived by analysis ej&ar satellite observations
by MISR (Val Martin et al., 201 Plume rise models
evaluated against that climatology have been shown to
underestimate the observed plume heiglitd Martin et al.,
2012. Guan et al. (2008)sedthe NCAR CAM3.1 model
foundthat the calculated CO concentrations downwind
biomass burning emission areas, can increase by up to 1
ppb depending on the assumptions in the injection height
the emisions. Boreal forest fire emissions occurring high
the troposphere have been detecte€blarco et al. (2004p
be transported from Canada to Washington D.C. in the
U.S.A. where they have been mixeih boundary layer air.
The long range transport of biomass burning pollutants hi
been followed by lidar and satellite observations and the
simulations have been shown to be sensitive to the inject
height of the emissions as well as to the entrainrogair
into the boundary layer over U.S.Note that boreal fires
plumes can reach the upper troposphere where their imp
different from that in the boundary layer due to the-non
linearity in chemistryChatfield and Delany, 199@nd the
differentphotochemicatonditions thereLeung et al. (2007)
global modeling study of the impact lodreal fire emissions
on air pollutants levels, fourl much larger enhancement i
ozonewhen about half the emissions are released above
boundary layer thaall emissionsareoccuring in the
boundary layerThey attributed these differences to the ro
of peroxyacetyl nitrate (PAN) as carrier of N@wnwind
burning areaslaffe et al. (2004fpund that thentensive
Siberian firesn 2003enhancedhe background ozorever
the Pacific Norhwest, resulting to exceedance of ozon[?




© 00 N O O B~ W N P

N RN RNRNNRNNRNERRR R B B B B R 2
©® N o 0 s WN P O © 0 N O 01 A W N R O

29
30
31
32

shows lower mean injection heighf0-1500 metersior boreal fires but is in agreement for

temperate and tropical fireBlume rise models evaluated against that climatolegs bbeen
shown to underestimate the observed plume hefglaisMartin et al., 201P Guan et al. (2008)
using the NCAR CAM3.1 modelfound that the calculated CO concentrations downwind

biomass burning emission areas, can increase by up tepbtb@epending on the assumptions

in the injection height of the emissions. Boreal forest fire emissions occurring hige in

troposphere have been detectedGniarco et al. (20049 be transported from Canada to

Washington D.C. in the U.S.A. where they have been mixed with boundary layEeory.

range transport of bioass burning pollutants has been followed by lidar and satellite

observations and the simulations have been shown to be sensitive to the injection height of the

emissions as well as to the entrainment of air into the boundary layer over Nd@&eAthat

boreal fires plumes can reach the upper troposphere where their impact is different from that in

the boundary layer due to the nlmearitiesin the atmospherichemistry (Chatfield and
Delany, 1990 and the differenphotochemicaktonditions thereLeung et al. (2007ylobal

modeling study of the impact of boreal fire emissions on air pollutants levels, faundch

larger enhancement in 0zone when about half the emissineseleased above the boundary

layer thanwhen all emissionswere occurringin the boundary lger. They attributed these

differences to the role of peroxyacetyl nitrate (PAN) as carrier afdd@nwind burning areas.

Jaffe et al. (2004pund that théntensiveSiberian firesn 2003enhancedhe background ozone

overthe Pacific Norhwedt).S.A, resulting to exceedance of ozone air qualiandardHodzic

et al. (2006)studying AOT over Europe durindhe 2003 Portuguese i identified high
altitude transport ofsmokeparticlesfrom Portugalto The Netherlandghat has been both
observed by POLDER and simulated by the CHIMERE modé&Villiams et al. (2012)
simulatedthe African firesin 2005using the TM4 model and three different biomass burning

emission inventories, two global and one regioffdley calculateddifferencesin the ozone

global burdenresulting from the use of different biomass burning inventories rdnade

between+1.7% and +4.6% compared to the simulation usifgFEDv3 biomass burning

emissioninventory.

Thepresent studgims to evaluate uncertainties in model estimates of biomass burning impac[ Deleted: we applied

on atmospheric composition that are associated with the use of different emission inventories

in the same modeThe study also aims to identify locations where additional observations can

provide constrains for biomass burning emission estimates. For this pupglebal 3D
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compositionand major pollutants lifetimesomputed usingecently updateéind commonly

usedbiomass burning emissior8ased on the computed model sensitivity to biomass burning

emissions, W also identify areas where observational data ¢alp to redue these

uncertainties.

2 Model Description

The model used for this study is tiiebal 3D CTM TM4-ECPL (Kanakidou et al., 2092The
modelaccountgor gas andnultiphase chemistry to descrittepospherimzone chemistrand

all major aerosol components (primary and secondlrgpntainsexplicit chemistry ofC; to

Cs volatile organic compounds (VQ@Fanda highly simplifiedrepresentation ad-pinene and

b-pinene chemistryThe modektalculatesecondary organic aeros8@A) formation byWOC

oxidation and subsequegasto-particle partitioning of semivolatile produdiEsigaridis and

Kanakidou (2007rs updated biyriokefalitakis et al. (201Q) Chemical ging of organic

aerosol QA) is also taken into accountoFprimaryorganic aerosolROA) and black carbon

Deleted: computed
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Deleted: <#>Model Description/&E

The model used for this study is the global 3-D
CTM TM4-ECPL (Kanakidou et al., 2012). The
model accounts for gas and multiphase chemistry
to describe tropospheric ozone chemistry and all
major aerosol components (primary and
secondary). It contains explicit chemistry of Ci to
Cs volatile organic compounds (VOCs) and a
highly simplified a-pinene and b-pinene chemistry.
The model calculates secondary organic aerosol
(SOA) formation by VOC oxidation and subsequent
gas-to-particle partitioning of semivolatile
products (Tsigaridis and Kanakidou (2007) as
updated by Myriokefalitakis et al. (2010)). Chemical
aging of organic aerosol (OA) is also taken into
account. For primary organic aerosol (POA) it is
driven by Oz and for SOA by OH

(BC) chemical ageings considered to occur by oxidation of organic material that coats the

particles ands driven by Q (Tsigaridis and Kanakidou, 20Q3vhile for SOA chemical ageing

to nonvolatile SOA(Tsigaridis and Kanakidou, 2003 considered to occur by reaction with [ Deleted: (Tsigaridis and Kanakidou, 20p3 J

OH at the rate of 4.1%¥ moleclcm®s?, very close to that of the-Hbstraction reaction of pinonic
acid with OH(Praplan et al., 20)2BC emissions are by 20%olublewnhile terrestrial POA

emissions are by 50% soluble. For both BC and POA the insoluble fraction is converted

soluble during agindMultiphase chemical production of SG#parameterizeds described in

Myriokefalitakis et al. (2011)Gasto-particle partitioning of inorganic componens$ssolved

usingthe ISORROPIA |l aerosol thermodynamic model that also dalesthe aerosolwater
(Fountoukis and Nenes, 20@¥enes et al., 1998For this studythe TM4-ECPL model uses a
3A2Alongitudelatitude grid and 34 hybrid levels up to 0.1 HRith the first 4 modelertical

Deleted: . Multiphase chemical production of SG#\
parameterizeds described iMyriokefalitakis et al. (2011)
Gasto-particle partitioning of inorganic componetigsolved
usingtheISORROPIA Il aerosol thermodynamic model thi
also calclatesthe aerosoiwater(Fountoukis and Nenes,
2007 Nenes et al., 1998For this studghe TM4-ECPL
model uses a/&2Alongitudelatitude grid and 34 hybrid
levels up to 0.1 hPand is driven byhe European Centre fol
Mediumrange Weather Forecasts (ECMWF) EfRerim
metorological data

{

Deleted: (Dee et al., 2011 }

[

Deleted: for all the sensitivity simulationg& J

layers between surface and 900 h&a] is driven byhe European Centre for Mediunange

Weather Forecasts (ECMWFRA-Interim meteorological dat@ee et al.2011) for the year

2008 forall the sensitivity simulations
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2.1 Natural emissions

Jsopreneterpenes and biogenic volatile organic compounds (BVOC) emissions Trividie

ECPL model are taken frorthe MEGAN-MACC inventory(Sindelarova et al., 20)4or the
year 2008which is a product of the MEGANv2.1 mod&uenther et al., 20)2Dust emissions

arefrom AeroCom(Aerosol Comparisons between Observations and Mpd&dmtener et al.,

2006 calculatedfor the year 2008 by E. Vignati (personal communication, 20lIMarine

emissions of seaaltaerosolsandorganic gases and aerosate calculated onlindriven by

meteorology and sea water productivity describedby Myriokefalitakis et al. (2010and
Vignati et al. (201Q)

2.2 Anthropogenic emissions

Anthropogenic emissions uséat this experiment are the ECLIPSE (Evaluating CLimate
and Air Quality ImPacts of ShoitivEd Pollutants) version 4.8missiongKlimont et al., 2013

availablein 0.5%0.5Aspatial resolutionThe ECLIPSEanthropogeniénventorywas initially

provided as sectoral including the agricultural waste burning sector (AWB). Since AWB i

eitherjncluded in theanthropogeni@missionsor jn the biomass burningmissions caution,

are considered separatédy the simulations that have been performedties study(Table 4). ~
The AWB in the ECLIPSE databasamountsto 4.5% of the totalanthropogenigollutants

emissiongapproximately34.5 Tg a?) for the year 2008(seeTable 1 for more information)

‘ [Deleted: (Dentener et al., 2006 J

Deleted: Isoprene, terpenes and biogenic volatile organic
compounds (BVOC) emissiofis the TM4-ECPLmodel are
taken fromthe MEGANv2inventory(Guenther et al., 20)2
made available at the ECCAD (Emissions of atmospheric
CompoundsandCompilation of Ancillary Data) website
(http://eccad.sedoo)ffor the year 2000This inventoryhas
beenthenscaledfor the year 200®ased on global emission
estimateprovided by thdPEGASOS (Pan European Gas
AeroSOlsclimate interaction Studyjroject Dust emissions
arefrom AeroCom(Aerosol Comparisons between
Observations and Models
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(2010) &

Anthropogenic emissions A&

Anthropogenic emissions uséat this experiment are the
ECLIPSE (Evaluating the CLimate and Aiuglity ImPacts
of ShortlivEd Pollutants) version 4.@missiongKlimont et
al., 2013
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framework of the ECLIPSE projecfAdditional simulationshave been performe@able 4) Formatted: English (United States)

usingpoth biomass burning a&WB emissiondrom theGFEDW3 (van der Werf et al., 2010 Deleted: Table4

(S1.X),as well as AWB from ECLIPSE and biomass burning emissionsthierAtmosphed Formatted: English(United States)

Deleted: the original

Chemistry and Climate Model Intercomparison Prdie@aCCMIP; Lamarque et al. (2013)

Deleted: (van der Werf et al., 20)0

http://ecaad.sedoo)i(S2.X) or fromthe Fire INventoryfom NCAR (FINN_Wiedinmyer et

Deleted: Lamarque et al., 20)®iomass burningmissions

burning emissions were taken into account (8&ice the injection height of these emissions | Deleted: ) (Wiedinmyer et al., 201

contributesto the uncertaintyof the model resultshiomass burningmissions areonsidered Deleted: ) have beemerformed

in the modekitherto beinjectedat heighs following Dentener et al. (20069r to beemitted Formatted: English(United States)

solelyjn theJowest model layefsee list of simulations ifiable4). The temporal variabilityf Deleted: (Dentener et al. (2005)

Deleted: at

Deleted: surface

al. (2011)http://bai.acd.ucar.edu/Data/fiy¢53.X) andfinally a simulation where no biomass {Daeted; )
depicts the differences between theentoriesin ther seasonality and amplituc(elsoannual %

Formatted: English (United States)

totalsin Table2); while Fig S2 in the supplementary material shows spatial difference in thﬁ Deleted: Tabled
| :

annual BC emissions between the inventoridse ACCMIP, inventory shows the Iargeét {Formaned English (United States)

0 0 0 0 A A 0 A A G 0 L ) L R R A A A )

magnitude in the taporal variation of these emissiogsl inventories show a Julept. \ {Formatted English (United States)
primary maximum while they differ in the secondary maximum between Jan and Pil.  Deleted: Fig. 1
AWB emissions hiat are not included ithe GFEDV3ECLIPSEbiomass burningnventory %EZ:::E: E:Z::z:zs::ij z::z
significantly contribute to NMVOC and Nd-€missions during spring and summer. [Deleted Table2
3 Experiment setup [Formatted English (United States)
{Deleted ). The
The impact of theuse ofdifferent biomass burninggemission inventories to thealculated ( Moved down [1]: FINN
tropospheridoads andlifetimes ofthe main pollutantsand thesensitivityof the model results [Formatted Font: 10 pt, Bold
to thewild fire emissionshave been evaluated basedrine different simulations. For all E:a'izendé”gli':]tg:rtci’gﬁ’lgf':g} sz,cé”épai'é"@%“hi smallest
simulatiors the model setup was exactly the same, except fapittneass burningmissions g'23732fﬁi’ﬁ%ﬁﬁ?ﬁ'ﬁfﬁ%ﬁiﬁ ;ggdG;nngriS ofth
inventory usedand its vertical distributiompplication A summary of the simulationsere g\e\{\t’szgzssbnﬁs calculated and provided by the GFEDv

performeds providedin Table4, The GFEDV3ECLIPSEinventoryandheight distributiorfor

Deleted: have beemxcludedfrom

biomass burning emissiorigave beerused aghe base case scenarf80.0). All scenarios Deleted: robustness

namedSX.0 assumethe same fractionaheight distribution of the emissiorexcording to Deleted: with regard

Dentener et al. (2006yhere all the scenarios mad SX.1 assume albpen biomass burning

Deleted: Table4

emissions to occuat surface.For scenarids4.Q open biomass burningmissions areset to - -
Formatted: English (United States)

zera Note that we have chosen to account for monthly mean emissions since not all inventor Deleted: Dentener et al. (2006)

A 0 G U L )

[
[
[
{ Formatted: English (United States)
[
[
{
el

have higher temporaésolution. This is the reason we have also chosen to validate the mod

results comparing to monthly mean observations.




[EEY

© 00 N o o b~ WN

=
[ENS)

12

13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
‘ 28
29
30
‘ 31

4 Results

To evaluate the ability of the model to reproducentheervationghecomputed concentrations
are omparedwith measurementsThe differencesin the fieldscomputedby the various
emissioninventories provide a measure for the robustness of the model results with regard to

the biomass burning impact€omparison of thesimulatedtropospheric concentrations of
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are located in the vicinity or outflow of tropical biomass burning. Thesaragswhere Q
levels are the most sensitive to the different biomass burning emission scdfmriostance

at La Quiana observatorfif. 49), differences as high as 10 ppb afCe. ~25%) are computed
for October when usinghe different emission scenariokhe FINN inventoryresultsin the
highest computed ©Olevels, while omitting biomass burning reduces @vels by ~35%.
However,very smallsensitivityis seerbetween the scerias with wildfire emissiondor the

other locationsn Fig. 4, Thus evaluatingthese inventories requireensifyingair quality

monitoring close to the major biomass burning sourc#ee tropicswhich are virtually absent
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simulations to identify locations where biomass burning emission inventories produce the

largest model divergence. fig. 5 these ratios are shovior OC and indicate that systematic

[ Deleted: Fig.5

observations over boreal regions, Alaska, South Asia and Indonesia can help constrain the L[Formattedi English (United States)

biomass burning emission inventories.

4.2 Comparison with ozonesondes and satellite observations

Because the impact of biomass burning is not restricted to the surface concentrations of

pollutants but also extends in the free troposphere, we have also compaieldesults with

ozonsondes as well as with @&hd CO mid tropospheric columns as observedrbpospheric

Emission Spectrometer (TES) satelliistrumentin addition, simulated gprofiles have been

compared with available ozonesondes data from WD@€Es interpolating into layers of 50

hPa from srface to the top of the atmosphaedescribed in detail by Myriokefalikakis et al.

(2015 in preparation). Figur&6in the supplement shows that there is no statistical difference

in the performance of the different scenarios with regard to ozonesbséeevations.

Similar results are obtained from the comparison of model results T&E®global survey data

version 4 with focus on the relatively sensitive initedle/lower free troposphere, using data

from 7 TES pressure levels between 800 and 42 Tthe TES products are provided in 67

levels in vertical with a varying layer thickng®eer et al., 2001 In order to compare TM4

ECPL model results with the TES observatidhs, methods presented (Woulgarakis et al.,

2011 have been used. Thubke 3i hourly model outputare sampledt the times and locations

of the TES measurementben they arénterpolate onto the 67 TES pressure levels in vertical,

and finally the TES a priori profiles and averaging kerresks applied The processed

observational and model data are regridded to orighxaP & longitudeby latitude horizontal
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Myriokefalitakis et al. (in preparation, 28] where a detailed model evaluation is presented

including comparison with satellite observations.
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The contribution of wildfires to the tropospheridoad of pollutantscan be calculated by
comparison of S0.(base caseyith S4.0 that neglects the emissioéldfires increase the
tropospheridoads of OC by ~30%BC by ~3%6, CO byabout 13% , Nk by 10% HNG; by

8%, NOx by 5% andSQs* and Q by 3%(Tableb). {Formatted: Font: 12 pt, Not Bold
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load

|
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correlate withthat of CO during biomass burning events with a slope afC® of about 1

(Honrath et al., 2004 However, ther studies have showanly small changes in the [Deleted: (Honrath et al., 2004

tropospheric ozonen globd scale (45% increase computed jemke et al. (2009) where
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etal., 201
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Jn differencesof about 25%(Fid. §). Previous studies conducted witie GEOSChem model
over the south eastern Asia during 2001, show a decrease-40%®f BC surface

concentrationsvhen injected at heigtiflian and Fu, 2034In the same study is shown that

biomass burning injection height has much larger impact on BC than G®150% more BC
calculatedat 700hPa, than wheamitted in the boundary layeiifferencesare positive over
source areas (since mdeeemitted nearhie surfacén SX.1) and negative downwind (since
less is transported away from source regions due to the increased depositidritfeigource
Assumptiondn the biomass burningmissions injection heigtmarginally affect CO and £

with computedlifferencedn the globalannual meatropospheric loadmallerthan2.5%.

4.3.3 Chemical feedbacks between biomass burning and vegetation

emissions
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It is interesting to examine the impact of wildfire emissions on isoprene tropospheric load.

Isoprene is the singlmost important biogenigolatile organic compoun(BVOC) emitted by
vegetation (more than 50% of totainualBVOC emissions). The changes@H describedn

section4.3.] (Fig. 7e), the main tropospheric oxidant th@insumessopreneled to opposite

in signchange®f isoprene [fig. 7f). Such results indicate a strong chemical feedback betweer{ Formatted: English (United States)

[
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This feedback is linking isoprene destruction and aerosol formatdhesoxidants (hydroxy!
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[ Deleted: Fig. 67

{Formatted: English (United States)

{Formatted: English (United States)

[

Deleted: Fig. 67

condens on. In the presence of firdgr the sane isoprene emissions from vegetation (Fig. 7e)

more nitrogen oxides (NQ(Fig. 7c)are emitted leading to higher OH radicals in¢lk&ended

biomass burningegion (up to 20% regionallyand slightly lower ovenorthern hemisphere

regions with intensive anthropogemM©x emissions and their outflawhus isoprene ambient

levels are reducewith the highest reduction over and downwitrdpical forested areas.
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Deleted: about 40%he mean effective aerosol yield from
isoprene that is derived as the ratio of the tropospheric lo
isopreneSOA to that of isoprenémpacts on theffective
yields ofthefirst generation gaseous products of isoprene
smaller of the order of-8%.

Isoprene global tropospheric column is calcudditebelower by15% in SO0 than in S40 (fig.

7f). However, due to the N@lependence of the semmlatile organic compounds formation

Deleted: Whenbiomass burninglo not occur, up to 1%
more isoprene is calculated localy the same amount of
isoprene emission$@.0 due tolower oxidants and thus
reduction in iso.heseneds cl

from isoprene oxidation the total isoprene_SOA concentrations change little (1%). This implies

an overall 14% reduction in seivlatile organiccompounds formation yield from isoprene

oxidation that comes to compensate for the increased isoprene oxidation. In addition, the
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primary organic aerosol®QA) emitted by biomass burning provide surface for partitioning of
semivolatile compounds, thusggiificantly increasing the partitioning of organic vapors to the

aerosol phase that in turn also stimulate further partitioning to the aerosol phaseh&hus

isopreneSOA patrtitioning to the aerosol phase increasesO®y ih depletion of the gas phase

isopreneSOA precursorsThis enhancement is consistent wigtithough much lower than

derived from results biKanakidou et al. (200)n the enhancement of SOA formation from

biogenic VOC due to partitioning on POA from pollution sources. That earlier study wgs usin

higher aerosol yields from BVOC than here and did not account for the later studied NO

dependence of these yields; it also presented changes due to both combustion and fossil fuel

POA. 1t hasalso shown that the use of different parameters in thepiwduct yield

representation of SOA formation from BVOC can lead to up to 70% of differences in the

computed SOA tropospheric burden depending on atmospheric conditggaridis et al.

(2006) have evaluated the importancetioé consideratiorof NOyx.dependent SOA formation

by calculating changes in the SOA burden and characteristics and found that in the current

troposphere about 72% of the total SOA madsrimed under N@driven chemistry while in

the past this fraction was lower (48%). Note however that large uncertainties and gaps in

knowledge exist in the kinetics of isopreaerosol formationRollins et al. (20093tudying the

NOs radicatdriven chemistry of isoprer8OA formation, have demonstrated the complexity

of isoprene chemistry with respect to SOA formation with a drastic increase in aerosol yield

when both double bounds of isoprene are oxidized, thus documenting the aerosol yield

dependence on the level of oxidation of the precur&srens et al. (2008hvestigations have

shown that isoprene agueous phase chemistry is more efficient (about 40% aerosol yield) than

gas phase chentig (about 3% of aerosol yield) in forming SC¥ddepends on the water

content in the atmosphere and the @ldrlton et al. (2009eview of laboratory measurements,

field experiments and modeling studies concerning SOA formation from isoprene, documented

differences in SOA yield parameterizations that ma&dy on a single set of chamber

experiments, whilaerosolields are known to depemah various factors including the relative

importance of N@Qversus peroxide chemistry, temperature (that affects aerosol components

volatility based on their enthalpy of vaporization) andexisting aerosol loading. They have

calculated differences in SOA load induced by the Népendence parameterizatidhatare
up to 30% of the total simulated OA over Eastern USA.
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This feedbacln the presence of biomass burning emissinaoeasedy about 40%heglobal

meanapparentierosol yield from isopren@at is defined as the ratio of the tropospheric load

of secondary organic aerosol from isoprene oxidation to the tropospheric load of isoprene itself

Impacts on thepparenyields ofthefirst generation gaseous products of isoprene are smaller

i.e. of the order of B%. The supplementaryigure S11shows thespatial distribution of the

percent changes in the apparent aerosol yield from isoprene as computed comparing simulations

S4.0and S. This figure points to the areas where the impact of biomass burning emissions

(in_percent) on the apparent 8Qield from isoprene is calculated by our model to be

significant. Thesaareas ardghe high latitude zone of North Amerieand Asia,the tropical

regions over land as well as the outflow from biomass burning regions. Note however that most

isoprene_SOA fonation occurs over land.

Ourresults demonstrate the strong coupligweertropospheric chemistrpiomass burning
and vegetatioemitted speciesThey show that it is critical for the evaluation of the impact of
these emissions on tropospheric chemigtrconsistently account for BVOC emissions from
vegetation and the docation/ceoccurrence of biomass burning emissions in the &ea.
location of vegetation and biomass burning emissions is linked to the model gsthsizzn-

location area increas with lowering the horizontal resolutiofithe modelln this respect,a

further investigate the impact of the feedback strength to the model resolution, a lower

resolution set of simulations has been also performed. These low resolution simulagons gi

results similar to the higher resolution with regard to the feedback strength (relative changes

between SO and S40). Thus, thepercent increases do not seem to be affected by the resolution

of the modelwhile the computed tropospheric loads of isoprene and secondary organic aerosol

differ between the high and low resolution simulations with low resolution simulation

computing about 10% lower SOA and 4% lower isoprene loads.

4.4 Tropospheric lifetimes

The lifetimes of pollutantprovide a measure of pollutant persistence in the atmosphere. They

are herecomputed as the ratio of the tropospheric load to the loss rate (sum of chemical loss

and deposition fluxes) for each model column (f@@tvertical layers bthe mode). Global

mean tropospheric lifetimes are derived from the computed global burdens and3basees

in chemistry as discussed abpws well as changes in deposition of pollutants due to the

modification of th& spatial distribution affect the lifetime of these compounds in the
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troposphereThus, i sopreneds

20% compared to SO.0’heglobal tropospheric lifetimesf all other speciearelessimpacted

by the choice othe emission inventorywith a maximum of aboyt2% for OC.This is in

agreement with previously calculated differenceported inliterature For instancesuch

one regionglin the TM4 modelkoupled with theCBM4 chemical mechanismo not exceed

5% for the African domainWilliams et al. (2012) Table 6, shows the calculatedlobal

tropospheric lifetimes of pollutanfsr each scenariolhe maximum percentage differerse
from the base case scenario (S0.0) are computethéo®4.0 simulationthat neglects all

wildfire emissions.

Thelifetimes of pollutantscomputed as the ratio of tir®pospheric loadb the loss rate (sum

of chemicallossand deposition flugg for each modetolumn show sensitivity to both the

height distribution oftie emissions and the diffeteamission inventoriesThe sensitivityof

the BC lifetime to theheightof injection of thebiomass burningmissions is depicted jag.

9, where the difference in calculated tropospheric lifetime€C attributed toemission

injection height alonecan reach 30%right panely The differences produced by injection

height forpther speciesare provided irFig. S7 (supplement)The use of differenbiomass

burningemission inventories led to up &most 90%ocal differences for OC as seerim.

| i f previousheexplameddy almoste ased i n S4. 0,

as
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buming and are removed from the atmosphere by dry and wet deposition, while carbon

monoxide, isoprene ands@ads and lifetimes are driven by strong chemical production and
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