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Abstract. Stimulated by recent important developments with this mechanism. Hydroperoxy-aldehydes (HPALDSs)
regarding the oxidation chemistry of isoprene, this studyare found to be major first-generation products in the oxi-
evaluates and quantifies the impacts of different mechanisndation of isoprene by OH, with a combined globally aver-
updates on the boundary layer concentrations of OH andged yield of 50—60%. The use of the LIMO chemistry in the
HO» radicals using the IMAGESv2 global chemistry trans- global model allows for reconciling the model with the ob-
port model. The model results for HQisoprene, NO, and served concentrations at a satisfactory level, compared to the
ozone are evaluated against air-based observations from thether tested mechanisms, as the observed averaged mixing
GABRIEL campaign, conducted over the Guyanas in Octo-ratios of both OH and H®in the boundary layer can be re-
ber 2005, and from the INTEX-A campaign over the East- produced to within 30%. In spite of the remaining uncertain-
ern US in summer 2004. The version 2 of the Mainz Iso-ties in the theoretically-predicted rates of critical radical re-
prene Mechanism (MIM2, Taraborrelli et al., 2009) used asactions leading to the formation of HPALDs, and even more
reference mechanism in our simulations, has been modifieth the subsequent degradation of these new compounds, the
to test (i) the artificial OH recycling proposed by Lelieveld current findings make a strong case for the newly proposed
et al. (2008), (ii) the epoxide formation mechanism proposedchemical scheme. Experimental confirmation and quantifi-
by Paulot et al. (2009b), and finally (iii) the HOegenera- cation is urgently needed for the formation of HPALDs and
tion of the Leuven Isoprene Mechanism (LIMO) proposed by for their fast OH-generating photolysis.

Peeters et al. (2009); Peeters andliegr (2010). The simu-
lations show that the LIMO scheme holds by far the largest

potential impact on HQ concentrations over densely vege-

tated areas in the Tropics as well as at mid-latitudes. Strond Introduction

increases, by up to a factor of 4 in the modelled OH con-

centrations, and by a factor of 2.5-3 in the f#i@bundances A large body of recent literature studies provides over-
are estimated through the LIMO mechanism compared tovhelming evidence that the isoprene oxidation mechanisms
the traditional isoprene degradation schemes. Comparativelysed in chemistry-transport models require substantial
much smaller OH increases25%) are associated with the revision. These mechanisms adopted consensus path-
implementation of the mechanism of Paulot et al. (2009b);ways based on first-generation product data acquired in
moreover, the global production of epoxides is strongly sup-laboratory experiments at very high NO levels (0.5 to
pressed (by a factor of 4) when the LIMO scheme is combinedLO ppmv, Atkinson et al., 2006) duly complemented by
peroxy + HQ routes recognized to be competing with the
peroxy + NO reactions at atmospheric NO levels. However,

Correspondence tal. Stavrakou different studies, based on comparisons between aircraft
BY (ilenny@aeronomie.be) campaign and in situ measurements and models, point
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towards the existence of a currently unaccounted productiorisoprene Mechanism (LIMO, Peeters et al., 2009) including

mechanism that could explain the high abundances othe rate and mechanism adjustments proposed in Peeters and

the OH and HQ radicals observed in remote, isoprene- Miller (2010) (Sect. 2.2 and 2.3). A brief description of the

rich environments (Kuhn et al.,, 2007; Kubistin et al., global model is provided in Sect. 2.4. In Sect. 3 the impacts

2008; Lelieveld et al., 2008; Butler et al., 2008; Martinez of the mechanistic changes are quantified and the predicted

et al., 2010), but also over rural or even suburban regiongoncentrations of OH, Hg) isoprene, NO, and ozone are

with strong biogenic influence and moderate ,NfBvels  evaluated against measurement campaigns over the Amazon

(Tan et al., 2001; Ren et al., 2008; Hofzumahaus et al., 2009asin (GABRIEL, Lelieveld et al., 2008) and over the East-
A strong OH regeneration, through the reactions of iso-ern United States (INTEX-A, Ren et al., 2008). Conclusions

prene peroxy radicals with HQwas invoked in an attemptto are drawn in Sect. 4.

explain the high observed HQevels during the GABRIEL

airborne campaign over Suriname (Lelieveld et al., 2008). ] .

Although this hypothesis allows for a better agreement be2 Isoprene reaction schemes in a global model

tween the models and the observations of the GABRIEL__ . ) , . )

campaign (Butler et al., 2008), no experimental evidence forThIS segtlon presentg the different isoprene degrada?lon

OH formation via the reactions of saturated analogues Oimeghamsms tested W'th the global model. The_ model sim-

isoprene peroxys with HOhas been observed, in contrast ulations are summarized in Table 2. The Mainz Isoprene

with the cases of acyl peroxy and 2-oxo-peroxy radical re__lvlechanism (MIM2) and its version MIM2+ are presented

; ; ; Subsect. 2.1, the new pathways proposed by Paulot et al.
action with HQ (Dillon and Crowley, 2008). In a recent n )
Iaboratory s_tudy, Paulot et al. (ZQO9b) showed that the OH-(Ze?:?gg) 2a2rc1j dPSeSE)esreSctet Zaé. (r?a?s%?a)ct?\:;ypre:% r;t”e;j : bSrilétf)-
reaction of isoprene hydroperoxides regenerates OH alon%eséri .tion of the IMAGES\}Z odel is .rovided i,n Sub-
with dihydroxy epoxides, highly soluble compounds possi- 2p4 P
bly involved in secondary organic aerosol formation from sect. 2.4.
isoprene degradation.

A promising explanation for the gap between modelled
and observed Hoabundances might be provided by the the- o pasis mechanism is a modified version of the MIM2
oretical study of Peeters et al. (2009), which showed thatyechanism (Taraborrelli et al., 2009), itself a reduction of the
isomerization reactions of specific isomer/conformer peroxyyetailed Master Chemical Mechanism (MCMv3.1, Jenkin
radicals from isoprene lead to the formation of H@dicals et al., 1997; Saunders et al., 2003). MIM2 and MéM con-
and photolabile hydroperoxy-aldehydes (denoted HPALDS) gjger OH addition to the terminal carbons, while neglecting
at rates such that the traditional reactions of the isoprene pete minor addition to the inner carbons. Subsequent O
oxy radicals (with NO and Hg) are outrun in most non-  4qgition results in twgs-hydroxyperoxy radicals, ISOPBO2
urban atmospheric conditions. Besides this direct OH forma— 4 1IsoPDO2 and twé-hydroxyperoxy radicals, ISOPAO2

tion, HPALDs are also believed to hold a high potential for 5,4 ISOPCO?2 in MCM lumped into a single compound in
additional OH-(photo)production, as argued by Peeters anq;m2. LISOPACO?2 (se;a Table 1):

Mdller (2010). Based on recent observations by Paulot et al.
(2009b) and Karl et al. (2009), relatively minor adjustments ISOP+ OH — 0.25 LISOPACO2-0.491 ISOPBO2 @)
were brought tp the mechanism (Pe_eters aridléd, 2010). +0.259 ISOPDO2
These adaptations, however, leave intact the large expected
implications for the oxidizing capacity of the atmosphere, es-The MIM2 version used here includes the modifications dis-
pecially under low NO and high isoprene levels. cussed in Taraborrelli et al. (2009), and in particular, the OH-
The aim of this study is to quantify the impact of the forming channel in the reactions of HQvith acyl peroxy
aforementioned newly proposed mechanistic changes in theadicals and with 2-oxo peroxy radicals, with branching ra-
isoprene degradation on the global tropospheric compositios of 0.5 and 0.15, respectively, based on laboratory inves-
tion. To this purpose, the IMAGESV2 global chemistry- tigations (Dillon and Crowley, 2008; Jenkin et al., 2008).
transport model (Stavrakou et al., 2009) is employed and Following Butler et al. (2008) (also Pugh et al., 2010a), we
one-year-long simulations are performed using different iso-reduce by 50% the effective rate constant of isoprene + OH,
prene degradation schemes. The manuscript is organized aslative to the IUPAC recommended rate (Atkinson et al.,
follows. In Sect. 2, we describe the isoprene + OH reac-2006). This reduction, which was found necessary in the
tion schemes and how they are implemented in the globatontext of model comparisons with measurements of HO
model. We start with the Mainz Isoprene Mechanism and isoprene in the boundary layer over Amazonia (Butler
(MIM2, Taraborrelli et al., 2009), which serves as the baseet al., 2008) and Borneo (Pugh et al., 2010a), is tentatively
scheme for our simulations, as well as the MIM2+ schemejustified by the inefficient mixing of isoprene, leading to a
(Lelieveld et al., 2008), and we continue with the epoxide segregation of isoprene and OH (Krol et al., 2000). The use
formation mechanism (Paulot et al., 2009b) and the Leuverof a unique value for the rate reduction cannot but be a very

2.1 The MIM2 and MIM2+ isoprene schemes
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Table 1. Abbreviated name and chemical formula (Lewis structure) GLYALD +OH — 0.25 OH+0.75HG;, 2)
of isoprene degradation products appearing in this article. +0.17 GLY+0.17 HCOOH
4+0.67 HCHO+0.5C0+0.34COp,
Abbreviated name  Chemical formula
: HYAC +OH — 0.1 OH+0.825 HO, ©)
Cs hydroxyperoxy radicals +0.75 MGLY +0.125 HCOOH
LISOPACO2 HOCH—C(CH3)=CH-CH;0; o +0.125 CH3Q +0.125 CH3COOH
¢0,CHy—C(CHg)=CH—CH,0OH
ISOPBO2 HOCH—C(CHg)(O o)—CH=CH, +0.05CO+02C0,.
ISOPDO2 CH=C(CHg)—CH(O; ¢)-CH,OH Here GLY and MGLY stand for glyoxal and methylglyoxal,
ISOPEO2 #02CH—C(CHg)(OH)—-CH=CH;, respectively. Finally, the products of the OH-reaction of

CH,=C(CHg)—CH(OH)—CH,0, o

Cs hydroxy hydroperoxides

methylglyoxal are updated according to Baeza-Romero et al.
(2007):

LISOPACOOH  HOCH—C(CHg)=CH—CH,00H MGLY 4 OH — 0.6 CH3CO3+-0.4 CH3O2 4
HOOCH,—C(CHgz)=CHCH,OH +CO+H20.

ISOPBOOH HOCH—C(CHz)(OOH)—CH=CH, _ _ _ o

ISOPDOOH CH=C(CHs)—CH(OOH)—CH,OH T_he res_ultlng me_c_hamsm will b_e utilized in the §tandard SO

ISOPEOOH HOOCH—C(CHg)(OH)—CH=CH, simulation. Mod_lflcanons to t_h|s mechanism will be tested
CH,=C(CHs)—CH(OH)—CH,00H throughout a series of sensitivity tests (Table 2), so as to eval-

uate the impact of recent findings related to isoprene degra-

C4-Cg carbonyls dation.

HPALD1 OCH-C(CHs)=CH—CH,00H In the S1 simulation, the OH-forming ch_annel_ in the reac-

HPALD?2 OCH-CH=C(CHs)—CH,O0H tions of acyl peroxy and 2-oxo peroxy rad_lcals is _negle_cted.

HALDS51 HOCH,—CH=C(CH;)—CHO In Fhe. S2 case, the standard m_echanlsm is _mod|f|ed w!th the

HALD5?2 HOCH, —C(CHg)=CH—CHO artificial qddmon of two OH radicals formed in the reactions

HALDA CHy=C(CH,OH)—CHO of HO2 with qll isoprene peroxy radicals (MIM2+), as pro-

MACR CHy=C(CHg)—CHO posed by Lelieveld et al. (2008) and extensively discussed by

MVK CH 3—C(O)—CH=CH, Butler et al. (2008).

HCOCS CHp=C(CHg)—C(O)-CHZ0H 2.2 Epoxide formation following Paulot et al. (2009b)

Epoxides . . )
IEPOX HOCH, m(cm)—CHZOH The impact of epoxide formation as proposed by Paulot et al.

(2009b) is investigated in the S3 scenario. These compounds

are formed under low-NQconditions, in the OH-oxidation

of the isoprene hydroxy-hydroperoxides, themselves formed

from the reaction of the isoprene peroxy radicals withaHO

crude approximation, since the segregation intensity is deEpoxide formation is accompanied by OH regeneration and

termined by the local spatio-temporal heterogeneity in theis implemented in the model as shown below:

emissions and by the competition between two very hetero-

geneous processes, namely mixing and chemical destructiofy| SOPACOOHHOH — I[EPOX+OH ()

Moreover, a recent analys_is of h?gh—frquency isoprene meafSOPBOOI—H—OH . IEPOX+OH ©)

surements above the tropical rainforest in Borneo suggests a

much weaker segregation intensity than the one applied here,

with a rate reduction factor of the order of 0.9 (Pugh et al.,|SOPBOOH+ OH — 0.7 ISOPBO2 (7)

201_0b). The effect o_f_the OH-|sop_rene rfite reduction will be 10.3HCOC5+0.3OH.

estimated in a sensitivity comparison with the global model

(S6 vs. S5, Table 2). Similar reactions apply for ISOPDOOH. The adopted
In addition, we account for the possible regeneration offéaction rates are (in ctmolec's™) 1.07x10°'°,

HO in the OH-oxidation of glycolaldehyde (GLYALD) and 1.9 10~ *'exp390/ 7), and 0.38< 10~ 1exp(200/7), re-

hydroxyacetone (HYAC), by adopting the product distribu- SPectively. HCOCS is a £aldehyde in the MCMv3.1 mech-

tion observed at low @and low NO in the laboratory stud- anism. Based on P_aulot et al. (2009b), the subsequent oxida-

ies of Butkovskaya et al. (2006a) and Butkovskaya et al.tion of IEPOX is written as follows:

(2006b), respectively:

www.atmos-chem-phys.net/10/9863/2010/ Atmos. Chem. Phys., 10, 9863-9878, 2010
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Table 2. Simulations performed using the IMAGESv2 global model.

T. Stavrakou et al.: Improved modelling of isoprene oxidation

Simulation  Description

SO standard, modified MIM2 chemistry, effectivetdg + OH
reaction rate set equal to 50% of the IUPAC rate

S1 as S0, without OH-forming channel in R®EHO, reactions

S2 as SO0, addition of 2 OH radicals formed in the H®action
of isoprene peroxy radicals (Lelieveld et al., 2008) (MIM2+)

S3 as S0, with formation of epoxides and OH-regeneration in the
ROOH + OH reactions following Paulot et al. (2009b)

S4 as S3, with LIMO chemistry (Peeters et al., 2009; Peeters adnigfy12010)
and generation of 1 OH + 1 H{n photolysis of HPALDs

S5 as S4, generation of 3 OH + 1 H@ photolysis of HPALDs

S6 as S5, effective rate forsElg + OH reaction taken equal
to 90% of the IUPAC rate

S7 as S6, with halved rate for the 1,6-H shift of Zyydroxyperoxy
radicals from isoprene

S8 as S7, with isoprene emissions halved over the US, and

increased by 50% over the Guyanas

IEPOX+OH— IEPOX02 (8) 1.

IEPOXO02+NO — IEPOXO+ NO» (9)

IEPOX02+HO, — IEPOXO+OH+ 0o, (20)

with

IEPOXO — 0.725HYAC+0.275 GLY (12)
+0.275 GLYALD +0.275 MGLY
+0.375HCHO+0.074 HCOOH

+0.1250H4-0.825HG; +0.251 CQ

Note that the assumption of a unique, radical-propagating
channel in the reaction of IEPOXO2 with H@reaction 10)

is most probably unrealistic, and that a hydroperoxide should 2
instead be formed in high yield. Its further oxidation as well

as the fate of the oxy radical IEPOXO (reaction 11) will re-
guire more attention in future investigations.

2.3 The Leuven Isoprene Mechanism LIMO (Peeters
et al., 2009; Peeters and Nller, 2010)

New, theoretically proposed, pathways in the OH-initiated
oxidation mechanism of isoprene (version 0 of the LIM
mechanism, Peeters et al., 2009; Peeters ailiel] 2010)

are implemented in simulations S4-S8. The main findings of
this scheme are summarized below (see also Fig. 1).

Atmos. Chem. Phys., 10, 9863-9878, 2010

The isoprene hydroxyperoxy radicals can eliminate
O, —at rates of 1-10%¢ at 303K (green arrows on
Fig. 1) — so that the various isomers/conformers can
rapidly interconvert via @ re-addition, resulting in
near-equilibrium steady-state populations (except at
very high NO levels>200 ppbv). Thes-OH-peroxys
being by far less stable than tgeOH peroxys, the for-
mation of hydroxy-aldehydes (HALDs) and other prod-
ucts from their reactions with NO, HCand other R@

is hampered at NO concentrations lower that 1 ppbv. As
pointed out by Peeters andilifer (2010), this explains
the non-detection of the HALDs in atmospheric condi-
tions and in laboratory experiments conducted at mod-
erate NO levels.

The g-peroxys may undergo 1,5-H shifts (in light blue
on Fig. 1), leading to OH and HCHO production along
with either methacrolein (MACR) or methylvinylke-
tone (MVK). Following Peeters and dler (2010), the
1,5-H shift rates are adjusted in order to match the
yield of MACR + MVK (12%) measured by Paulot et al.
(2009b) in their OH-isoprene oxidation experiments
conducted in near-absence of NOThough it was re-
cently argued that a fair share of the MVK+MACR
in the Paulot et al. (2009b) experiments may result
from permutation reactions of the isoprene-peroxy rad-
icals (Archibald et al., 2010), Paulot et al. (2009b)
invoked fairly fast 1,5-H shift reactions and the

www.atmos-chem-phys.net/10/9863/2010/
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sizeable coincident production 8fOH also to explain  In the S4 simulation, we modify the S3 chemical mechanism
the unexpected rapid appearance of isotopically lightto include the proposed updates of the LIMO mechanism.
ISOPOOH hydroperoxidesr(z=203) in their8OH- The reaction of isoprene with OH is written as

and HBO®0- labeled experiments. Although the issue

of the MVK+MACR source(s) in these experiments ISOP+0OH — 0.6 1SOPBO2+0.31SOPDO2 (13)

is not definitely resolved, we follow the reasoning of +0.11SOPEO2

Paulot et al. (2009b) in this for t_he tl|me being. Thus’.where ISOPBO2 and ISOPDO2 represent the peroxys
the adopted rates are equal to five times the geometri ormed through OH-addition to the terminal carbons (Fig. 1)
average of the rates estimated by Peeters et al. (20091‘v g g- 4,

_ vhereas ISOPEOQO2 represents the peroxys formed through

_ 1 _ 1

k(1,5)=4.81x 10" exp—9203 7) s, the remaining minor additions. Thehydroxy peroxy rad-

3. The Z$-OH-peroxys can undergo fast 1,6-H shifts (in icals (LISOPACO2) are omitted, since their traditional re-
red in Fig. 1) leading, upon reaction Witrpbo the for- action products have negligible yields in most atmospheric
mation of HG and h),/droperoxy aldehydes (HPALDs). conditions. The OH-addition branching ratios follow the
Following Peeters and Mier (2010), since the large structure-activity relationship of Peeters et al. (2007). Note
difference (factor of 8) between the theoretically pre- that an even lower branching ratio £7/3%) for addition to
dicted rates for the two Z-OH peroxys is very proba- the central carbons has been deduced in the experimental
bly artificial, and as it might lead to unrealistically high Studies of Park et al. (2004). Moreover, Greenwald et al.
MVK/MACR ratios in atmospheric conditions (Karl et (2010) theoretically predlct_ed that_at least one of the central
al., 2009; Karl, 2010; Archibald et al., 2010), we adopt OH-adducts should react withp@ yield HO; and 4-penten-

the geometric average of the rates estimates by Peetefs©ne for alarge fraction.

et al. (2009): k(1,6) = 8.48 x 10Pexp(—593Q/ T) s~ L. We account for the isomerization of the isoprene hydroper-
The uncertainty range for this crucial (averaged) rate is®*YS through the following reactions:

estimated by Peeters andiiNer (2010) to be between |SopBO2-> HPALD1+HO, (14)

0.3 and 1.3times this adopted value, based on two in-

dependent experimental constraints: the observed yieldSOPBO2—- MVK +HCHO+ OH (15)

of MVK and MACR in the OH-initiated isoprene ox-

idation experiments of Karl et al. (2006) conducted at ISOPDO2— HPALD2+HO> (16)

moderate NO levels, and the peroxy radical budget in
the experiments of Paulot et al. (2009b). In addition, ISOPDO2~ MACR +HCHO+OH, (17)
Archibald et al. (2010) concluded from box model sim- |, nereas their reaction rates (in'3:

ulations of the experiments by Paulot et al. (2009b) that

the 1,6-H shift rates estimated from first principles by k14 =4.06 x 10°exp(—7302/ T (18)
Peeters et al. (2009) should be both equalised and re- ol
duced to some extent in order to match the observationgk1s = k17 =2.08x 10"exp(—8993 T) (19)

in particular for the formation rate of hydroperoxides. ko =8.5x 10°exp(— 7432/ T) (20)

4. The HPALDs photodissociate rapidly, due to the com-
bination of their highly absorptive conjugated carbonyl
chromophore and very weak O-OH bond:

were adjusted so that the yields of key compounds in the sim-

plified scheme are the same as those of the explicit mech-

anism shown on Fig. 1. The reactions of ISOPBO2 and

ISOPDO2 with NO and H@ are obtained from the MIM2

HPALD +hv(+202) - OH+HO2+PACALDs, (12)  mechanism (Taraborrelli et al., 2009). The cross reactions
of the isoprene peroxy radicals are also taken into account,

where the PACALDs are peroxy-acid-aldehydes. Thebased on experimental self-reaction rates for structurally

photolysis rates are calculated by using the absorptiorsimilar peroxy radicals (Peeters andiér, 2010).

cross section of MACR (Sander et al., 2006) and a The photolysis of the HPALDs is represented as

unity quantum vyield as argued in Peeters andll&t

(2010). The PACALDs photolyse even more rapidly HPALD1+7v — mOH+HO;+0.5HYAC (21)

than the HPALDSs, producing OH and a peroxy radi- +0.5MGLY +0.5 GLYALD +HCHO

cal that will eventually yield an extra OH (Peeters and

Miiller, 2010). Therefore, the photolysis of HPALDs is HPALD2+hv — mOH+HO,+ 0.5 HYAC (22)

expected to yield bgtween 1 and 3.0H radicals. More- 10.5GLY 4 0.5 GLYALD - HCHO

over, all channels in the OH-reaction of HPALDs are

expected to regenerate OH. The reactions of PACALDswhere the value of the parametetris set to either 1 or 3 (S4

with OH are negligibly slow compared to photolysis. and S5), to account for the extra OH radicals produced in

www.atmos-chem-phys.net/10/9863/2010/ Atmos. Chem. Phys., 10, 9863—-9878, 2010
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0, HO ™ ~o = HALD4+HO:+NO2
..... = HO>

l D\ L , ISOPAOOH
O
/t"rans-l-OH isoprene ’ Mo > MVK+HO:+NO;
\ \ HO SR No HO;
X —+— ISOPBOOH
el

o) S shi
(60%) }v LLIHshifi, Ay + HCHO + OH
HO
3—/ 0 _— c—> HALDSI + HO: + NO;
\ — 1%, 150PAOOH
cis-1-OH isoprene _
L6-Hshifi 9 QOH
0 g_) HPALDI + HO;
) }Y 003_¥ o HALDSI +HO: + NO,
P OH | Ho
>T—OH L , 1sorcooH
OH AnsA-OH isoprene o: ———— MACR + HO, + N
l \ o_(‘) NO 2+ NO2
\ HO>
N\ \ H \ ———> ISOPDOOH
o) OH R
g [ L3 Shf, A ACR + HCHO + OH
OH
pSIEEes [0)3 . ’
(30%) >_/ N M o > HALDS2+HO:+NO;
HO>
cis-4-OH isoprene —1T > ISOPCOOH

T 16-Hshifi 9OH Q

0 Q HPALD2 + HO;

Fig. 1. Reaction scheme for OH addition to isoprene following Peeters et al. (2009). The minor addition channels (inner carbons 2 and 3)
are not shown. HALD4, HALD51 and HALD52 are the,@nd G; hydroxy-aldehydes formed in the NO-reaction of shkeydroxyperoxys
(see Park et al. (2004) and references therein).

the photolysis of PACALDs (Eq. 12), as reported in Peeters2.4 |IMAGESvV2 brief description
and Miller (2010). The other formed compounds are typical

isoprene oxidation products very likely to be generated intheThe latest version of the global tropospheric chemistry-

photooxidation of.th-e HPA_LDS' _ _transport model IMAGESV2 is used in this study i{ér

The S6 scenario investigates how the choice for the iso,q Stavrakou, 2005; Stavrakou et al., 2009). The model
prene + OH effective rate value impacts the model predic-is ryn at a horizontal resolution of° % 2.5° and is dis-
tions. The effective rate of the isoprene + OH reaction Is aSyretized on 40 vertical levels from the surface up to the
sumed to be equal to 90% of the IUPAC rate in this sim- yressyre of 44hPa. The model calculates the concentra-
ulation. Further, in the S7 smula_tlon, we explorg the im- tjons of 128 chemical compounds with a 4-month spin-up
pact of a factor of two reduction in the 1,6-H shift of the gtarting on 1st September 2004. Simulations are performed
Z-5 hydroxyperoxy rad.|cals, in Ilne.wnh.the estimated uncer- o the year 2005. Transport is driven by monthly averaged
tainty range and possible overestimation of these rates SUG=RA|nterim meteorological fields, whereas daily fields are
ges_ted by experimental data (see above). In thls_case, the rsed for water vapour, temperature, cloud optical depths,
action rates of the reduced LIMO scheme (reactions 14-17),n4raft mass fluxes, convective and stratiform precipitation

el . : e
become (ins7) fluxes, and boundary layer heights. The diurnal variations

of the concentrations are calculated from a full diurnal cy-
k1a=1.203x 10Pexp(—7127/T) (23)  cle simulation using a 20-min timestep and the forth or-

der Rosenbrock solver of the Kinetic Preprocessor (Sandu

o 1 _ et al., 2006). Anthropogenic emissions are as in Stavrakou
kis =ki7 =2.04x 10" exp(—8987/T) (24) et al. (2009a). Monthly biomass burning emissions are ob-
tained from the Global Fire Emissions Database (GFED)

k1= 1.571x 10°exp(—7098/ 7). (25)  version 2 (van der Werf et al., 2006) for the year of the

Atmos. Chem. Phys., 10, 9863-9878, 2010 www.atmos-chem-phys.net/10/9863/2010/
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simulation. Isoprene emissions are obtained from an upS5 is estimated to be 12% higher compared to the S3 case.
dated version of the MEGAN-ECMWF inventory (Mer Archibald et al. (2010) also reported large increases (up to a
etal., 2008), which is driven by ERA-Interim meteorological factor of 3) in the OH concentrations after implementation of
fields, instead of operational ECMWF analyses as iill&f the Peeters et al. (2009) mechanism among other mechanis-
et al. (2008). It covers the period from 1997 to 2009 andtic changes in a box modelling study performed under low
is fully accessible at the MEGAN-ECMWF website (http: NOy conditions. Nonetheless, their reported changes in the
[ltropo.aeronomie.be/models/mohycan.htm). The global ansurface OH concentrations over the Amazon inferred from
nual isoprene emissions for 2005 are estimated to 428 Tg/yrglobal model simulations turn out to be much weaker (fac-
Dry deposition is computed using a resistance-in-seriegor of up to 1.4). A possible explanation for this discrepancy
model based on Wesely (1989). Typical daily aver- is the strongly overestimated N@oncentrations calculated
aged deposition velocities over forested areas range bddy the STOCHEM global model over Amazonia compared
tween 0.6 and 1cms for carbonyls and organic nitrates to measured values from the GABRIEL campaign (Lelieveld
from isoprene, and between 1.3 and 1.7 crh $or iso- et al., 2008; Butler et al., 2008). Moreover, the photolysis of
prene hydroperoxides and epoxides. Note that substarthe HPALDs has been assumed to produce one OH radical in
tially higher deposition velocities of MACR and MVK Archibald etal. (2010), whereas, in our simulations, ongHO
have been reported, based on field campaign measurénd one to three OH radicals can be formed. Finally, whereas
ments over tropical forests (Karl et al., 2004; Kuhn et al., the OH-oxidation of HPALDs regenerates OH in LIMO, the
2007). These high values should significantly depress thetrict application of the MCM protocol assumed in Archibald
calculated near-surface concentrations of these compoundst al. (2010) probably leads to a net OH sink.
with however only limited impacts on their global bud- As a consequence of the large OH regeneration of the
get, given the dominance of the OH-reaction over deposi-LIMO chemistry, the OH concentrations in the boundary
tion losses. The wet scavenging parameterization has bedayer become only weakly sensitive to isoprene emissions,
thoroughly described in the Supplement of Stavrakou et alas illustrated on Fig. 6. Whereas a 10% increase in isoprene
(2009a). For isoprene hydroperoxides and epoxides, themissions leads to OH decreases reaching up to -10% over
Henry's Law coefficient of hydroxy methyl hydroperoxide remote areas when the MIM2 mechanism is used (S0), the
is used (1.24 10 8exp(9700/T) moll-tatm!, Sander, corresponding OH concentration decrease does not exceed
1999). For the isoprene hydroxy nitrates, we use the av—3% when the LIMO chemistry is used (S5).
erage value for three G hydroxy nitrates (Sander, 1999), The major difference between the results of S4/S5 simu-
1.32x 10 %xp(9433/ 7). MACR and MVK are consid- lations and those of simulations SO-S3 is the formation of
ered non-soluble. Wet and dry deposition of the HPALDs areHPALDs, which accounts for the largest part (ca. 60% on
neglected, owing to their very short photochemical lifetimes.a molar basis) of the isoprene sink by OH oxidation. Even
when reducing the reaction rate of the 1,6-H shift reaction by
a factor of two (S7), the yield of HPALDs remains very large,

3 Results 50% globally, demonstrating the robustness of the impacts
calculated in this study. Note that the higher effective rate
3.1 Impacts of mechanistic updates for the isoprene + OH reaction assumed in S6/S7 has only

little effect on the averaged product yields (Table 3) and on

We present in this section the impacts of the different mechthe HQ, levels, but obviously causes substantial decreases
anism updates (Table 2) on the OH and H@ncentrations  in isoprene mixing ratios. Logically, whereas the HPALD
in the boundary layer calculated with the IMAGESv2 model. yield is found to exceed 50% in most regions, lower values
The results for the month of July are shown on Figs. 2, 3,(25-50%) are calculated over more polluted areas, such as
and 4. The global annual production of key compounds inWestern Europe (Peeters andiliér, 2010).
the isoprene degradation mechanism, as well as the global Another important consequence of the LIMO mechanism
isoprene + OH sink calculated for each simulation are sum-s the low global production of MVK and MACR, due to the
marized in Table 3. fast 1,6-H shift pathways leading to the HPALDs, whereas

Among all tested mechanism updates, the LIMO mecha-the 1,5-H shift reactions leading to MVK and MACR (Fig. 1)
nism achieves the largest H@oncentration increase, when are comparatively slower. More specifically, the globally av-
assumingn = 3 (S5 simulation, Fig. 4). The PBL-averaged eraged yield of MACR + MVK, 37% in the S3 case, is re-
OH concentration increases in S5 reach a factor of 2.5-3 oveduced to only 20% in S5 and S6 (28% in S7), half of it being
tropical forests, and a factor of 1.3—-2 over the southeasterdue to the 1,5-H shift pathways, the remainder to the tra-
US compared to the S3 simulation. Lower but significant in- ditional reactions. Note that the larger yield of MVK in SO
creases are calculated over Europe and boreal forests. Sinsompared to S3 is due to the 100% regeneration of ISOPBO2
ilar enhancements are found for H@oncentrations, with  in the MIM2 reaction of ISOPBOOH with OH, which artifi-
somewhat lower values. As a result of the enhanced OH coneially increases the concentration of ISOPBO2, and therefore
centrations, the global isoprene sink due to OH-reaction inthe yield of MVK produced from its reaction with NO.
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PBL OH change (100+(S0-S1)/S1)

Fig. 2. Calculated percentage change in OH (left) andoH@yht) concentrations below 1.5 km altitude in July 2005 due to the inclusion of
the OH-forming channel in specific B@ HO, reactions.
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Fig. 3. Calculated impact on OH (left) and BQright) concentrations (July 2005, below 1.5 km) of (1) the artificial addition of 2 OH radicals
formed in the reaction of isoprene peroxy radicals withH@pper panels), and (2) the epoxide formation and oxidation mechanism (lower
panels).

An additional feature of the simulations S4 and S5 with re- strongly depresses the population of #ydroxy peroxy
spect to S0-S3 is the strong reduction of the isoprene nitrateadicals (LISOPACO2 in MIM2) characterized by high as-
production, estimated at less than 1% of the global isoprensumed nitrate yields upon reaction with NO (24%, Paulot
sink from OH-oxidation, about ten times lower than in SO— et al., 2009a), and on the other hand, to the competition of the
S3 results. This reduction is due, on the one hand, to théNO-reaction with the fast isomerizations (14—17) and with
fast interconversion of the isoprene hydroxy peroxys whichthe enhanced H&reaction.
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Table 3. Calculated annual isoprene + OH sink and global production of major by-products from the isoprene + OH reaction: MVK and
MACR (not including their production from isoprene sQhydroperoxides (LISOPACOCOH, ISOPBOOH, ISOPDOOH, ISOPEOOH), iso-
prene nitrates (LISOPACNQO3, ISOPBNO3, and ISOPDNO3), epoxides (IEPOX), and hydroperoxy-aldehydes (HPALDSs) for the simulations
described in Table 2. Numbers are in Tmoleyr

Simulation SO S1 S2 S3 S4 S5 S6 S7
Isoprene+OH sink 4.75 472 516 485 522 542 575 571

Global productions of key compounds

MVK 20 2.0 213 120 0.76 0.75 0.79 1.11
MACR 0.58 059 0.57 0.60 0.37 0.36 037 0.50
LISOPACOOH 060 058 0.74 0.61 0 0 0 0
ISOPBOOH 250 238 330 124 044 045 0.45 0.60
ISOPDOOCH 059 058 067 063 019 0.19 0.18 0.24
ISOPEOOH 0 0 0 0 031 0.34 0.36 0.34
Isoprene nitrates 0.28 0.28 0.27 0.24 0.036 0.033 0.033 0.043
IEPOX 0 0 0 203 053 053 0.52 0.68
HPALD1 0 0 0 0 2083 2.15 2.32 1.84
HPALD2 0 0 0 0 1.10 1.16 1.25 1.06
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Fig. 4. Calculated impact on OH (left) and Bright) concentrations (July 2005, below 1.5 km) of the LIMO mechanism update (Peeters
et al., 2009; Peeters andilMer, 2010) withm = 1 (upper panels), and = 3 (lower panels).

In spite of the large calculated impacts on H@he LIMO erate surface ozone increases over tropical regions (up to
chemistry does not bring large changes in the calculated sui8%) can be attributed to two main reasons. First, the much
face ozone, as shows the percentage change of surface ozolwsver yield of isoprene nitrates in case S5 compared to S3
between the S3 and S5 simulations (Fig. 5). The mod-Table 3) leads to a decreased loss of;N@the boundary
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R

- O = N & O ®

Fig. 6. Sensitivity of OH concentration to a 10% decrease of isoprene emissions using either the MIM2 mechanism (S0) or the LIMO
mechanism (S5).

layer over the emission regions, and thereby, to higheg NO (SO vs. S1) leads to only small increases in the boundary
abundances and ozone chemical production rates. Second, Eger OH concentrations, by up to 6% over tropical forests
shown by sensitivity tests, the higher OH concentrations incompared to the S1 simulation, where this formation is ne-
the boundary layer in S5 reduces the relative contribution ofglected, whereas the changes in thesHONncentrations are
the ozonolysis of alkenes to the removal of these compoundseven smaller (Fig. 2).
resulting in a decreased ozone loss. The artificial addition of OH radicals formed in the reac-
The calculated impact of the OH-regenerating epoxide for-tions of first generation isoprene peroxy radicals with,HO
mation and oxidation mechanism on OH concentrations iSMIM2+), proposed by Lelieveld et al. (2008), is tested in
small but significant (up to 25%, Fig. 3). Nevertheless, the S2 simulation. The impact of the hypothesized OH pro-
the global epoxide formation, estimated to represent 42%duction has been explored in Butler et al. (2008), who stud-
of the total isoprene + OH sink in simulation S3 (240 Tg/yr), ied the effect of adding =1, 2 or 3 extra OH radicals in
is strongly reduced when the LIMO chemistry is introduced these reactions, and concluded that the best match with the
(10% or 62 Tglyr in S5, 12% or 80 Tg/yr in S7). This re- GABRIEL data was achieved for the= 2, when the effec-
duction is caused by the competition of the 1,5- and 1,6-Htive rate constant for isoprene oxidation by OH is taken equal
shift reactions of the isoprene peroxys with their traditionalto 50% of the lower bound of the IUPAC value range. In
bimolecular reactions, although this is partly compensatedgjood agreement with the modelling results of Butler et al.
by the increased H®concentrations. The decreased epox- (2008), the S2 simulation, which assumes 2, provides a
ide formation might have a large consequence on the modsignificant increase of the OH concentrations in the bound-
elled secondary organic aerosol (SOA) formation throughary layer, by a factor of 1.5-2.5 over forested regions, com-
this pathway (Paulot et al., 2009b). Further, accounting forpared to the SO base case, as illustrated on Fig. 3, while
the OH-formation channel in specific R@HO, reactions  much weaker changes are predicted for the corresponding

Atmos. Chem. Phys., 10, 9863-9878, 2010 www.atmos-chem-phys.net/10/9863/2010/



T. Stavrakou et al.: Improved modelling of isoprene oxidation 9873

Table 4. Concentration of key compounds measured during the GABRIEL and INTEX-A campaigns and comparisons with the model
simulations. The mean concentrations during daytime are used for the comparisons. The standard deviations are in parentheses.

obs SO S1 S2 S3 S4 S5 S6 S7 S8

GABRIEL aircraft campaign, Suriname, October 2005
PBL, 9—-17LT (Lelieveld et al., 2008; Butler et al., 2008)

OH (1 molec cnt3) 5.6(1.9) 1.06 1.05 245 122 26 4.08 4.11 365 3.38
HO, (108 moleccnt3)  10.5(2.7) 3.04 299 326 3.16 7.38 832 86 7.89 8.99

NO (pptv) 20(20) 23.7 24 125 251 21.8 182 18 183 145
CsHg (ppbv) 2.000.76) 42 42 26 40 26 17 11 12 20

O3 (ppbv) 18.5(4.6) 156 158 158 156 158 158 158 158 155
MACR +MVK (ppbv) ~1 080 080 073 070 035 028 028 044 0.64
(MACR + MVK)/C5Hg ~05 019 0.19 0.28 017 013 0.16 025 0.36 0.32

INTEX-A aircraft campaign, Eastern US, July—August 2004 1 km
[C5HglppL > 0.3ppbv, 9-17 LT (Ren et al., 2008)

OH (1® moleccn3)  6.49(1.5) 259 253 391 282 464 620 630 552 6.86
HO, (18 moleccent3) 9.86(3.1) 572 56 6.36 571 877 965 995 919 7.55

NO (pptv) 114(130) 78 79 62 79 74 66 66 67 79
NO, (pptv) 477(460) 457 463 399 461 431 401 409 417 451
CsHg (ppbv) 0.94(0.6) 6.40 6.48 467 611 423 321 206 237 0.94
O3 (ppbv) 53.3(14) 55.3 553 558 551 541 539 549 554 54.1

HO, concentrations. Note that the precise value (0.5 or 0.9)compare the calculated sum of MACR and MVK abundances
of the reduction factor applied to the isoprene + OH rate isfor each simulation with the PTR-MS observation obtained
found to have little effect<€ 5%) on HQ, concentrations in  from Butler et al. (2008) and described in Eerdekens et al.
the boundary layer. (2009), as well as the (MACR + MVK)/isoprene ratio.

To summarize, the LIMO chemistry, with a minor contri-  Measurements of OH, HO and isoprene obtained
bution of the epoxide formation mechanism, yields consid-from the NASA DC-8 aircraft during the Intercontinen-
erable enhancements in the boundary layex ldBundances tal Chemical Transport Experiment-A (INTEX-A) in July—
over forested areas, reaching 50-300% for OH and 30-25094ugust 2004 over North America and the western Atlantic
for HO, with respect to the MIM2 chemistry. Compared Ocean are used for comparison with the model results. The
to the MIM2+ simulation, the enhancements reach 30—80%ata are accessible at the NASA Langley Research Cen-
and 20-140% for OH and HQrespectively. The evaluation ter website (http://eosweb.larc.nasa.gov), and iH@asure-
of these changes against selected campaign measurementgi€nts are described in Ren et al. (2008). Note that the OH

addressed in the next section. and HQ measured concentrations had to be multiplied by
a factor of 1.64 to account for a calibration problem in the
3.2 Comparisons with observations original dataset, as reported by Ren et al. (2008). Model and

observation data shown in Table 4 are sampled at altitudes

The modelled concentrations in the different simulations are?etween 0 and 1km during daytime (9-17LT).

compared with aircraft measurements from the GABRIEL AS séen on Table 4, a very good agreement is found be-
and the INTEX-A campaigns. tween the GABRIEL measurements and the model simula-

The GABRIEL (Guyanas Atmosphere-Biosphere ex- tions driven by the LIMO chemistry, especially when the sec-

change and Radicals Intensive Experiment with the Learjet)ondary OH regeneration in HPALD photolysis is taken into

campaign took place in October 2005 betwe&r63N and account (simulations S5-S8). In particular, the modelled OH
5°—60° W over the tropical Atlantic Ocean and the rain- concentrations, about 5 times too low compared to the ob-

forests of Suriname and the Guyanas (Lelieveld et al., 2008)servat|on when the MIM2 chemistry is used (S0) and about

We compare the mean daytime GABRIEL measurements odg(;(')/mles toq Ic;\r/]v vggh/stge .MH\IAZ,: Chf;ms’t:%/ (Skz))’ aredonkl)y
OH, HO,, NO, isoprene, and ozone concentrations, obtaine o lower in tne simuiations than the observed abun-

over the Suriname tropical forest in the boundary layer, With?a?ces. Equally :jmpo(rjtan_:h_thtla h|gtr;]ob33eor;edzlhbﬁnctin- .
the corresponding daytime (9—17LT) modelled concentra- rations are reproduced within 1ess than o, where the sim-
ulations using MIM2 chemistry fall short by a factor of 3.

tions calculated within the region delimited by-%° N and
52.5-57.53 W and between 0 and 1.5 km (Table 4). We also
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Note that comparatively lower OH and H@nderestima- between mean modelled and observed daytime concentra-
tions against these measurements were found by Butler et alions are summarized in Table 4. The S5 and S6 simula-
(2008) in calculations using the global model MESSy with tions provide an excellent agreement between the model and
the MIM2+ mechanism, and an isoprene + OH rate constanthe HGQ, measured concentrations in the boundary layer, as
reduced by more than a factor of 2. This discrepancy with ouropposed to the underestimations found in the S0-S3 simula-
results (simulation S2) can be at least partially explained bytions, as well as in previously reported box modelling studies
the factor of 2 overestimation of boundary layer ozone mix-in the forested continental boundary layer (Ren et al., 2008).
ing ratios in Butler et al. (2008), leading to an overestimationChanges in the segregation factor in S6, and in the 1,6-H
of the primary source of HOby a similar factor. Other fac-  shift reaction rate in S7 have a relatively small impact on
tors might contribute to differences in modelled H&ncen-  the simulated HQ mixing ratios. Nevertheless, the simu-
trations, such as differences in the treatment of peroxy radfated isoprene mixing ratios over this region are found to be
ical cross reactions, wet and dry deposition, boundary layetargely overestimated in comparison to the measurements,
mixing, etc. As can be noted in Table 4, a very good agree-by a factor of 3 in the S5 case and by a factor of 2 in S6,
ment is obtained in IMAGESV2 for NO and ozone, providing most likely related to an overestimation of the isoprene emis-
confidence in the emission inventory used. sion in the MEGAN-ECMWF inventory used in the global

The average H@IOH ratio, equal to 190 in the observa- model. This is in agreement with literature studies report-
tion, is best captured in S5-S6-S7 simulations (200-220)ing that the isoprene emissions over the US might be signif-
but is overestimated in SO (290), and underestimated in SZcantly overestimated in the MEGAN inventory (Stavrakou
(133). The calculated isoprene boundary layer mean conet al., 2009b; Warneke et al., 2010). To evaluate the impact of
centration is quite close to the measured values in the Stower isoprene emissions, we carried out a sensitivity study
simulation. The increased effective rate constant of the isowith halved isoprene emissions over the US (S8, Figs. 7, 8).
prene + OH reaction in the S6 simulation, leads to a strongein this case, the averaged modelled isoprene mixing ratio in
isoprene loss, and hence, to lower isoprene abundances in thiee boundary layer matches the observation, while the OH
boundary layer, from 1.7 in S5 to 1.1 ppbv in S6, consistentconcentration is by 10% higher than in the S5 case and the
with the analysis of Butler et al. (2008) and Eerdekens et alHO, concentration is decreased by 20%.

(2009). A sensitivity study (S8) conducted with an increased
isoprene emission by 50% over Amazonia brings the model ,
to a very good agreement with the measured isoprene aburft - €onclusions

dances, with only little effect on t_he cpncentrat}or.ls of OH The IMAGESvV2 CTM has been used to evaluate the impact
(—=7%) and HQ (+14%). The required increase in isoprene . o .
of newly proposed pathways in the OH-oxidation of isoprene

emissions is in apparent disagreement with conclusions b : i
Ganzeveld et al. (2008) and Eerdekens et al. (2009), that th)(e)n HOx abundances in the boundary layer. The tested mech

) . anisms include (1) the traditional MIM2 chemistry (Tarabor-
MEGAN isoprene fluxes should be roughly halved in order to relli et al., 2009), (2) the MIM2+ mechanism proposed by

match gsumates based on isoprene and MACR + MVK oMY elieveld et al. (2008), (3) the epoxide formation pathways

centration measurements. However, the MEGAN-derived

average daytime (7—18 LT) isoprene flux used in IMAGESv2 proposed by Paulot etal. (2009b), and (4) the LIMO scheme
g Y P proposed by Peeters et al. (2009) and Peeters aiieiM

simulations over the campaign area, abo_ult 4”.T§m n (2010). We summarize below the main conclusions of this
early October, is well below the 6.9 mgrhh~1 estimated by study

Eerdekens et al. (2009) based on measurements using a con-

vective boundary layer (CBL) budgeting approach, therefore 1 The LIMO scheme has a huge potential impact on,HO
sug.ge:-stir?g that the isoprene emission increase of simulation ., entrations over densely vegetated areas in the Trop-
S8is J'“!St'f'ed' _ i _ ics as well as at mid-latitudes. Modelled OH concentra-
Halving the rate of the 1,6-H shift reactions (S7) results in tions in the boundary layer are increased by a factor of
only slightly (less than 10%) lower OH and H@oncentra- about 4 over the Amazon basin, when using the LIMO

tions, nicely illustrating the strongly noq—linear erendence chemistry compared to the case where the MIM2 chem-
of the impacts on the rate of these crucial reactions (Peeters istry is used. The calculated impacts on H@e larger

and Miller, 2010). However, the MVK+MACR concentra- than those found with the artificial OH recycling pro-

tion is strongly_ enhance_d in this simulation, bringirjg the posed in the MIM2+ chemistry. Further, the simulated
(MVK+MACRY)/isoprene in reasonable agreement with the HO;, concentrations are up to 2.5-3 times higher when

observation (0.36 vs. ca. 0.5, Table 4). using the LIMO mechanism compared to the traditional
We move now from the pristine rainforest to the more schemes.

polluted conditions of the eastern US in summertime. The

boundary layer HQ concentrations measured during the 2. Hydroperoxy-aldehydes (HPALDs) are major products
INTEX-A campaign and simulated by the model are com- in the oxidation of isoprene by OH, with an average
pared and illustrated in Figs. 7 and 8, while comparisons yield estimated to be about 60% on the global scale.
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Fig. 7. Comparison of OH concentrations (below 1 km altitude, 9-17 LT average) measured during the INTEX-A campaign (top left), and
modelled with IMAGESV2 using MIM2 (S0, bottom left), LIMO (S5, top right), and LIMO with halved isoprene emissions (S8, bottom right).

Fig. 8. Same as in Fig. 7 but for HO

The globally averaged yield of MACR + MVK through 3. The LIMO chemistry brings the global model concen-
the 1,5-H shift of Z8-OH-peroxys from isoprene is es- trations much closer to the observations used for vali-
timated at ca. 10%. Reducing the 1,6-H shift rate es- dation than the other tested mechanisms. Our compar-
timate by a factor of 2 leads to only a small decrease isons with the GABRIEL and INTEX-A measurements
of the globally averaged HPALD yield (50% instead of are very encouraging, as both OH and H@bserved
60%) and to a significant increase (from 20% to 28%) mixing ratios in the boundary layer can be reproduced to
of the total MACR + MVK yield. within 30% — the measurement uncertainty — although
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possible errors in the emissions and in the isoprene-OH3aeza-Romero, M. T., Glowacki, D. R., Blitz, M. A., Heard, D. E.,
segregation effect represent significant uncertainties.  Pilling, M. J., Rickard, A. R., and Seakins, P. W.: A combined ex-
perimental and theoretical study of the reaction between methyl-
4. A decrease of the isoprene emissions by about a fac- glyoxal and OH/OD radical: OH regeneration, Phys. Chem.
tor of 2 over the Eastern US in the model is required Chem. Phys., 9(31), 4114-4128, d0i:10.1039/0702916k, 2007.
in order to reproduce the isoprene measurements of th8utkovskaya, N. I., Pouvesle, N., Kukui, A., and Le Bras, G.:
INTEX-A campaign. This finding is consistent with Mechanism of the OH-initiated oxidation of glycolaldehyde over
the reported overestimation in the MEGAN isoprene the temperature range 233-296K, J. Phys. Chem. A, 110(50),
emissions by an independent analysis based on mea- 13492-13499, 2006a.

surements from other aircraft campaigns over the USBugqvi;(ays N. 1., P?‘:xesgh'\.'".t&:kgi' A.'a I\ﬂu, Y.,fa;]n% Le Bras,
(Warneke et al, 2010) . echanism o e -Initiated oxidation O yaroxyace-

tone over the temperature range 236-298K, J. Phys. Chem. A,
5. Including the epoxide formation mechanism results in  110(21), 6833-6843, 2006b.
weak increases of the boundary layer OH concentraButler, T M., Tarab_o_rrelli, D., Bihl, C., Fischer, H., Harde_r, H.,
tions (up to 25% when using MIM2 as reference mech- Martinez, M., Williams, J., Lawrence, M. G., and Lelieveld,

anism, much less when LIMO is introduced). More- J.: Improved simulation of isoprene oxidation _chemlstry with
S . . the ECHAM5/MESSYy chemistry-climate model: lessons from
over, considering the OH-formation channel in the

. . . the GABRIEL airborne field campaign, Atmos. Chem. Phys., 8,
RO, + HO; reactions also brings small increases of the 45,9 4546 doi:10.5194/acp-8-4529-2008, 2008.

OH concentrations, by up to 6% in the Tropics. Dillon, T. J. and Crowley, J. N.: Direct detection of OH forma-

tion in the reactions of HO with CH3C(O)0, and other sub-
6. The calculated surface ozone abundances are only stituted peroxy radicals, Atmos. Chem. Phys., 8, 4877-4889,

slightly influenced by the use of the LIMO chemistry in doi:10.5194/acp-8-4877-2008, 2008
the global model, with increases of less than 10% ovVergqergekens G. Ganzeveld. L. éﬁbuerau de Arellano, J., épfel

tropical forests. T., Sinha, V., Yassaa, N., Williams, J., Harder, H., Kubistin,

It therefore that th | d. th based D., Martinez, M., and Lelieveld, J.: Flux estimates of isoprene,
appears therelore that the newly proposed, theory-base methanol and acetone from airborne PTR-MS measurements

LIMO chemistry represents a major step towards a better un-  ,er the tropical rainforest during the GABRIEL 2005 campaign,
derstanding of the isoprene degradation chemistry in atmo- atmos. Chem. Phys., 9, 4207-4227, doi:10.5194/acp-9-4207-
spheric conditions. However, large uncertainties still per- 2009, 2009.
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dating the further degradation of these major isoprene in- Guerau de Arellano, J., and Lelieveld, J.: Surface and boundary

termediates should therefore be a strong priority for future layer exchanges of volatile organic compounds, nitrogen oxides
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8, 6223-6243, doi:10.5194/acp-8-6223-2008, 2008.
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