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Abstract

The RADM2 chemical mechanism is a scheme for the tropospheric gas pnase
chemistry for the use in chemistry and transport models. During recent years the
importance of isoprene as a reactive biogenic hydrocarbon has been recognized.
Since isoprene is poorly represented in RADM2 we have developed an extension by
a comprehensive isoprene chemistry. This detailed mechanism (RADM-E) leads to
the same results as RADMZ2 for vanishing concentration of isoprens. The main
conseguences are the enhanced production of organic nitrates in the course of the
isoprens oxidation and the improved conservation of carbon compounds in RADM-E.
The balanced C-budget brings about higher concentrations of peroxy radicals and
organic peroxides. Tne formation of organic niirates leads to smaller amounts of
other reactive N-compounds, affecting directly NO,, HNO,, and PAN, and indirectly
HO, H,C,, and O,

Since RADM-E includes 34 new species and 112 additional reactions it is not
suitable for use in three dimensional transport and chemistry calculation. Thersiore a
condensed version (RADM-C) was developed with only 8 new species and 19
additional reactions. RADM-C gives approximately the same resulis as RADM-E, if
INO] > 0.1 pob. RADM-E is alsc comparsd with the chemical mechanism of
Lurmann et al. (1888}, which is widsly used and includes the chemistry of isoprene in
a different manner.

in four scenarios, covering typical situations with high impact of isoprene, the
chemical mechanisms HADM2 and RADM-C are compared, utilizing 2 simple 2-box-
modei. Differences of concentrations can exceed 10 percent for O, and a factor of 2
for HO,, peroxides, NO_, PAN, and HNO,. Carbonyl compounds show even higher
differences.
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1 Introduction

The gas phase chemical mechanism is one of the most important paris of any
chemistry and transport model of the atmosphere. Reliable chemical transformation
rates are necessary for the correct description of the temporal and spatial distribution
of emitted species and their chemical degradation products.

The Regional Acid Deposition Model is a chemical and transport scheme for
the troposphere designed to model episodic events on a time scale up to several
days {Chang et al,, 1987). lis chemical part was designed by Stockwell (1286). This
garly version is denoted by RADM1 and does not contain isoprene chemistry at all.
Stockwell et al. (1990} updated the scheme and introduced a very crude chemisiry of
isoprene. Both mechanisms have been tested against smog chamber experiments
(Carter and Lurmann, 1889) and have also been intercompared with other current
gas phase reaction mechanisms (Derwent, 188¢, Hough, 1988, Dodge, 1989).
RADM2 is also incorporaied in the European Acid Deposition Model EURAD (Ebel et
al.,, 1991). Moreover it has been used for the validation of the most important paris of
the gas phase chemistry, namely the fast photochemistry. Poppe et al. (1982 and
1994) compared field data for the nydroxyl radical with model! calculations using the
chemical mechanism RADMZ (Stockwell et al, 1880). Reasonable agreement
between model and experiment indicate that ail parts of the chemistry that influence
the HO concentrations are consistently described by the model. Since HO reacts
with most tropospheric trace compounds, and since it is involved in the production of
all photooxidants (Ehhaii, 1987), this means a vaiidation of major parts of the
RADM2 chemical mechanism. The ‘degree of validation for specific reactlons

pcnds of course very muci on their sensitivity toward HO. ' o

‘However, ‘smog chamber results indicate that RADM1 and RADMZ2 fail ‘to

pre u ct reliably the concentrations of ozene and other photooxidants in the presence

of one of the most important biogenic hydrocarbons, namely isoprene (Carter and
Lurmanﬂ, 1989). Indeed, the isoprene chemistry is poorly represented in RADMR.
Only the first step of the oxidation chain, the reaction with HO, is correctly inciuded.
Reaction producis and subsedauent reactions are treated in the same manner as the
_ éiegradat_icn of propene. Specific degradation products fike methacrolein (MAC) and
methy! vinyl ketone (MVK) are not accounted for, although these compounds are
‘produced in-an isoprene containing atmosphere at high rates due to the rapid first




step. MVK and MAC also react with HO and thus affect the fast radical chemistry. It
is quite obvious that RADM2 in its present form is not capable of dealing adequatsly
with hign levels of isoprene.

Isoprene is emitted by vegetation (Lamb et al, 1985) and can build up
substantial concentrations in the mixing layer in rural and remote areas (Greenberg
and Zimmerman, 1984, Niki et al., 1990, Martin et al., 1891). Therefore, isoprene
can have a considerabie impact on the concenirations of ozone, aldehydes,
peroxides, and organic acids (Trainer et al.,, 1987, Trainer et al., 1981, McKeen et
al., 1891). For example the presence of isoprene in concentrations of one ppb could
increase the ozone level up to 20 ppb. During summer many parts of Europe which
are covered by foresis are expecied to have also significant burdens of isoprene.
Thus, there is a very practical need for the EURAD model to extend its chermical part
HADMZ2 by including an improved chemistry of isoprene. Recent publications
(Tuazon and Atkinson, 1988, 1980a, 1980b, Paulson et al, 1992a, 19%82b) have
shed some light on the reactions of isoprene and its products. This enabies us to
extend the RADM2 chemical mechanism by incorporating a comprehensive isoprene
chemisiry. Aliogether 34 new species and 112 additional reactions were introduced
to treat the isoprene degradation in an explicit manner. The resulting detailed
mechanism denoted by RADM-E is identical with RADM2 for vanishing isoprene. in a
second step RADM-E is condensed to meet requirements as fractability and
minimizing of computer costs. Eight additional species (methacrolein, methyl vinyl
ketone, hydroxy acetone, glycol aldehyde, and four peroxy radicals) and 12 new
reactions remain in the condensed mechanism (RADM-C). They are a minimum set
of species and reactions which are essential for & satisfaciory description of the
isoprene degradation with respect to oxidant and organic nitrate formation. The
condensation is based upon extensive sensitivity studies with RADM-E and RADM-C
investigating four typical scenarios that cover many realistic situations in the
planetary boundary laver (PBL). The calculations were done with a simple time
dependent two-box-model for the PBL (Siliman et al.,  1880) which accounts for
vertical exchange dus to the rise of the height of the mixed layer during the day.
Such simple approach is sufficient since-most of the reactive isoprene is depleted in
the PBL. | S . : . : o .

."'--"During the final work for RADM-C Paulson and Seinfeld (1982) published a
photooxidation mechanism for isoprene based on their kinetic results. Since we used
‘that very same data, the isoprene part of their scheme is similar {0 our extensions.of
- RADM2. Ditferences arise mainly from the fact that we had {o be compaiibie with the
lumping scheme of RADM2. Also we adopted slightly ‘different chemical pathways.




We assumed that the terminal carbon atoms of isoprene are attacked by HO in 70%
of all cases as indicated by the observations instead of 60% as proposed by Paulson
and Seinfeid (1982). Aiso we included the radical yields observed by Paulson et al.
(1982b) for the reaction of isoprene with ozone, while Paulson and Seinfeld used
smaller vields, We neglected the photolvsis of methacrolein and methyl vinyl Ketone.
The treatment of the carbonyl compounds was difierent. in addition to methacrolein,
methyl vinyl ketone, and 3-methyl furane, Pauison and Seinfeid proposed the
formation of eight carbonyls, which '_'Ehey lumped into the surrcgat IALD1. We
introduced only two additional compounds 4-hydroxy-2-methyl-2-butenal (HM1) and
4-hydroxy-3-methyl-2-butenal (HM2). The product speciation of degradation of 2-
propenyl, which is produced during the oxidation of methacrolein, is difierent.
Pauison and Seinfeld lumped the product into 1ALD1, while in our mechanism HCHO
and CHacO is produced obeying thereby C-atom conservation. Both isoprene
mechanisms are consistent with the available kinstic data, the differences show the
actual uncertainty in the knowledge of the isoprene chemistry. |

2 [soprene Chemistry In the Extended MMechanism (RADI-E)

- All additional reactions are compiled in table 2. Surrogates and abbreviations
for substances in RADM-E are explained in tab. 1 (see also Stockwell et al., 1990).
The reactions are numbered according to tables 2, a-d in Stockwell et al. (1880).
Here, the photciyﬂc reactions are denoted by *P, {ollowed by the number in {ab.2a
in Stockwell et al. (1990) and the Arrheﬂius-iype reaci:ions are marked by “'i"“ ?he
T‘izﬁ respecuveiy
“Where s;@mhimﬁetr:u faciors are aaaptea from the literature, iney are truncated
{0 ‘Ene Signmcam digits and corrected within their reported ermrs to achieve mass
palance. For exampie suazon and Alkinson {1680a) report, that the d@gradauon of
methacrolein (MAC) glves methyl glyoxal (MGLY), hydroxy acetone (HKET),
peroxymethacrylic hitric anhydride {(MPAN) and CO,. The yields are 0.41+0.03 for
HKET, 0.084+0.016 for MGLY and 0.50+0.16 for the sum of MPAN and CO,,. Under
'the assumption that these products represent ali reaction pathways, in RADM E the
mcdel stelchlometric factors are set to 0.4, 0.1 a“ﬁd 0.5, respactively.
7 RADM-E.is identical with RADM2, if the isoprene concentration is zero, uniy
' the-r;eactio_ns-of isoprene with HO (T40), O, (T72), and NO, (T68) are changed. With




these exceptions RADM2 is converied to RADM-E by solely appending a sst of new
reactions and adding new substances or surrogates. Abbreviations. and the

definitions of surrogates of RADM?Z are taken without change. -

2.1 Isoprene Degradation by HO

~In the troposphere isoprene reacis mainly with HO, in poliuted air aiso in
significant amounts with ozone and NO,. For [HO]= 10%cm® [Q,] =40 ppb, and
[NO,] = 10" cm the lifetimes of isoprene are 2.75 h, 20 h (Atkinson, 1880), and 35 h
(Wille et al., 1981), respectively. Therefore the main emphasis is on the
co_mp_rehensnve description of the oxidation by HG. |
" The addition of HO to one of the double bonds of isoprene (T40) and the
consecutive reaction of the formed radical with G, leads to one of six peroxy radicals
(denoted by ISP, i=1...6) (see tab. 1 and 2). Although these radicals have not been
measured directly, the branching between the radicals can be infered from the yields
of longer lived products formed by the reactions of these peroxy radicals with NO
(T131-138). These longer lived products are methy! vinyl ketone (MVK),
methacrelein (MAC), and 3-methyl furane (MFUR) and they are specific for the
degradation of isoprene. They were measurad by Tuazon and Atkinson, {1890b) and
Paulson et al.(1282a). Here the branching as reporied by Paulson et al. (19923) is
adopted. The fraction yisiding organic nitrates was also determined, although the
chemical identification was not done in detail {Tuazon and Atkinson, 1880b). Further
products are 'Cafbc_ﬁyi compounds, which are not vet identified. However, for
structural reasons these carbonyls are most likely 4-hydroxy-2-methyl-2-butenal
(HM1) ‘and 4-hydroxy-3-methyl-2-butenal (HM2). Paulson and Seinfeld (1992)
discussed vields and che emical struciures of these carbonyls in more detail. They
proposed the formation of sight compounds, mostly via isomerisation reactions.
Three of these compounds are cis- or trans-isomeres of HMI and HMZ, and &
hydroxylated isomere of HM2. The other four compounds are two - hydroxylated
isomere of MAC and a mono- and a bis-hydroxylated isomeres of MVEK. Their
formation is accompanied by HCHO productlon However, there is no expertmental
evidence for the existence of these mf’ermedlmtes and their pesenb*e subsequeﬂt
degradam_n. We beiieve, that ihe positive correlation between the measured yields
of HCHO and the cbserved vields of MAC and MVK indicates that carbonyls with |
four C-atoms do not contribute SEgnificanftEy to the unidentified c_arbomyi compounds.
Thg:éf,cre we should be ab;_le {o éescr_ibe the dominant features of these yet unknown




species by HM1 and HM2. d Moreover their reactions are unknown. Since our
calculations indicated that formation of photooxidants are not sensitive to the details
of the chemistry of these carbonyls, our simplified treatment adequately describes
the impact on O,, NO_, HNGQ,, PAN, peroxides and HO.

The rate constant for the reaction of isoprene with HO (T40) is adopted from
HADM2. Also the rate constants for the reactions of the additional organic peroxy
radicals with NO and HQ, are taken from the corresponding reactions in BADM2.
The products of the reactions of ali biogenic peroxy radicals with HO, are lumped
into the RADMZ2 substance OP2, which includes all organic hydroperoxides with the
exception of methyl hydroperoxide. if the biogenic peroxy radicais constifute a large
fraction of the total concentration of peroxy radicals, the spectrum of products and
the reactivity of the surrcgate OF2 should be changed accordingly. This is not done
here, because the gas phase reactions of the peroxides are rather stow, their sink in
the atmosphere is heterogenecus loss. The possible influence of an aliered
composition of QP2 on the gas phase chemistry is therefore only mince.

Under rural and poliuted conditions, i.e. NG, mixing ratios well above 0.1 ppb,
the reactions with NO and HO, dominate the degradation of the peroxy radical ISPi
{Stockwell et al,, 1980). in remote areas, however, reactions among the peroxy
radicals (permutation reactions) may have comparable reaction raies. Thus, 43
perimutation reactions are part of the extended mechanism. Raite consianis and
product distributions are estimaied along the lines suggested by Madronich and
Calvert (1980). In addition permutation reactions of the ISP with the methyl peroxy
radical are faken into account. The self-reactions of the secondary and tertiary
peroxy radicals are neglected, because they are slower by orders of magnitude
compared to the reactions with primary peroxy radicals. The self-reactions of
bicgenic peroxy radicals formed by the oxidation products of isoprene are neglected.
Because of the low reactivity of their precursors, their concentrations are small
compared to the ISP] concentrations. ' _ :

. The relatively stable compounds MAC, MVK, MFUR, HM1, and HM2 are

i ard avrbinidhy in
implemented explicitly in

surrogate ONIT leading to the same problems as indicated for OP2.

_ The oxidation of MAC and MVK by HO was recently investigated (Tuazon and
Atkinson, 1989, 1990a). in the case of MAC H-abstraction was observed which leads
to a methacrylic peroxy radical (MA2P) after O, addition. HO-addition to a double
bond is also possible. The kinetic data indicate that both paths contribute roughly
_ equal amounts. The rate constants are taken from ‘Atkinson (19290). The reactions of
"fviAZP with NO (T138) and NQ, (T152) are derived in analogy to the acetyl psroxy

- P pnibpmban g smoom $ycoum on anod  din b e
HADM-E. The organic nitrates are lumped into t
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radical (ACO3). The addition of NO, yields peroxymethacrylic nitric anhydride
(MPAN) which decomposes thermally with the same frequency as PAN (Roberts and
Bertram, 1982). The products of reaction T‘i 38 are taken from the react:on seguence
(Tuazon and Atkinson, 1990&) '

.. HoC

= C(CH3) C(O) Og + NO ——> HpC = C - CH3 + COz + NOp
"HpC = & - CH3 + Op > [HyC-C-CH3] > HCHO + CH3CO
. M
. CH3CO + Op > CH3C(0)0y

which is suggesied by the analogy with the reaction of the vinyl radical with
oxygen observed by Slagie st al. (1884). if only the reactions of isoprene and iis
products with HO and NO are considered, the proposed reaction seguence
enhances the formation of HCHO by 0.28 (io a total of 2.07) and of ACO3 (and
therefore PAN) by 0.14 (to a total of 0.85) per isoprene molecule destroyed. Tuazon
and Atkinson (1880a) discussed this reaction sequence as plausible, they suspected
however, that the observed yields of CO, and HCHO were not consistent with the
formation of ACO3 with yields as high as 0.5 per molecule MAC. At present no
improved mechanism can be suggested so that the scheme above is adopted.
Paulson and Seinfeld (1992) assumed that 2-propenyl degradation contributes to
their surrogate 1ALD1, which lumps carbonyis with four and five C-atoms. Gbviously
this is not a better solution, since it violates the conservation of C-atoms. |
7 MVK reacts with HO mainly by addition at the double bond (Tuazon and
Atkinson, 1988). Consequently, the H-abstraction is neglected. The rate constant is
taken from Atkinson (1990). The product yields of the reactions of the assomated
peroxy radicals (lumped into MVKP) with NO (T138) are 0.7 for glycol aldehyde
(HALD), and ACO3 and 0.3 for methy! glyoxal (MGLY), HCHO, and HO,. MVKF is
assumed io react with other organic peroxy radicals as if it is entirely the primary
peroxy radical. However, its reactivity is half that of a primary ‘p@roxy radical fo
account for the low reaci.vﬁy of the seconciary peroxy radtcai wiich is iumped mto

MVKP
U The rate constant for the reaction of MFUR with 'HO (T225) is taken from
al. ( 9&) Smce MFUR contr:butes to the isoprene oxidation products

_ Atkmsori ei




by oniy about 8 percent, a very approximate reaction scheme is sufficient in this
case. A plausible degradation sequence is: o

CH3
_/ Oz
/7 AN + HO —> —>
N/
0]
CH3 CH3 HO  CHj 0y  CH3
/ / N/ N/
//"\—02 : // \-OH ; /T\A ; /NN
\ /-0H \ /-03 Op=\ / HO-\ /
@] O O o]
(1) (I1) (III) (IV)
+NO, -NOj isomerization, decomposition
(r ,11} —v—o> > MVK+CO5+HOjp
: . +NO, -NC3 isomerization, decomposition
{‘II__I_, Iv) —_— > MAC+COo+HOp

' The compounds (I-1V) are lumped with equal weights into the peroxy radical
surrogate MFUP, which reacts with NC as stated above to MVK or MAC (T144) and
with HO, to OP2 (T170). .

Little is known about the reactions of HMI (1= 1...2). The internal double bond
is likely to be the most reactive site for HO and G, attack. However, H-abstraction
from the carbonyl group can not be neglecied. A rate constant of 410"'em’®” Is
estimated for the reaction with HO (Alkinson, 1987) (T215, T218), leading to

0.4 HIOS (acyl peroxy radicals produced after H-abstraction). The reactions of the
HMiP- with NO, which finally yield hydroxy acetone (HKET) and glyoxal '(GLY), or
glycol aldehyde (HALD) and methy! glyoxal (MGLY) (T142, T148), are taken in
analogy to the decompositions of other alkenes. The HIO3 form PAN-like substances
HPNi with NO, (T228, T228) and decompose in reaction with NO (T232, T233). The.
decomposition is similar to that of MAZP and yields HALD and ACOS3 in the case of
'H1083 and HKET, CO and HO, in the case of H203.




HALD is a product not only of the oxidation of HM1, but also of degradation of
MVK. Here it is assumed that it reacts similar to acetaldenyde. Abstraction of the
aidehydic hydrogen by HO and subsequent addition of O, yields an acylperoxy
radical (HALP) (T127). Niki et al. (1987) report that 20 percent of the oxidation of
HALD proceed by H-abstraction from the other C-atom and subseguent formation of
HO, and GLY. Since HALD would be a minor source of both this reaction path is
neglected. Alternatively HALD is photolyzed (P22). its preducts decompose into HO,,
CO and HCHO:

hv
HOCH,CHO > HOCHy + CHO (P22a)
HOCHy + Op ——> HOy + HCHO (P22b)
CHC + 0O ——> HOp + CO {P22c)

To our knowledge o kinetic data are available for the rate constants P22a and
1127, which indicate that the reactivity of HALD and of acstaldehyde are different.
Therefore we adopted the photolysis frequency {(P22a) and the rate constant for the
reaction with HO (T127) from the corresponding reactions cof acetaldehyde.
Heactions P22b and P22¢ are assumed {o be very fast (Atkinson, 1980). HALP is
treated similar to ACO3. Hydroxy peroxyacetic nitric anhydride (IPAN) is formed with
NG, (T150). The reaction of HALP with NO vields an oxy radical which reacts with O,
to HCHO, C0,, and HO, (Lurmann et al., 1886) (T140). o

~The oxidation of ethene (OL2) (Niki et al. (1981)) forms alsc HALD:
o,
Chp=CHp + HO ————>. -> HOCHCHE20

HOCHCHgOg + NO ~——> 1.6 HCHO + 0.2 HOCHCHO + NOg + HOp

__ Stockwell et al. (1990) have lumped HALD into ALD. Sc in RADM2 the reaction
sequencels: - . . TR ER UL i
o2 + HO —> oL2P (3
. OL2P + NO ——> 1.6 HCHO + 0.2 ALD + NOp + HOp = (T49)




In RADM-E (and also RADM-C) HALD is not lumped into ALD. For consistency
reasons, HALD should be treated as a product of the reaction of NO with OL2P
instead of ALD with the disadvantage, that RADM-E is no longer identical with
RADM2 for vanishing isoprene. In the scenarios chosen here, the replacement of
ALD by HALD in reaction T48 makes no significant difference. it would, however, if
OL2 is the dominant hydrocarbon. For example, duse to this inconsistent lumping the
concentrations of HALD and GLY are underpredicted by more than 10 percent, if the
concentration of ethene (OL2) exceeds that of isoprene by more than a factor of 3.
ALD and PAN are less sensitive. The overpradiction for both compounds is about 10
percent if the concentration of ethene is about 20 percent of the NMHC burden. The
concentrations of HO,, NO,_, O,, and peroxides are nearly unaltered. For reasons of
simplicity and comparabiiity it is not recommended to replace ALD by HALD in
reaction T48. However, one should keep in mind, that BRADM-E and RADM-C are
inconsistent with respeact to HALD.

HKET is produced by the oxidation of MAC and HMZ. it is expected to be a
measurable chemical indicator for isoprene degradation. The lifetime with respect to
depletion by HO (Tuazon and Atkinson, 1980b) is t = 3.2 d for [HO] = 10°cm™). The
rate constant for the reaction with HO {k = 310 em’s™) is taken from Atkinson et al..
(1989b). Absiraction of an H-atom and addition of O, leads to two peroxyradicals:

- HOC (O3 ) HC (0) CH3 HOCHC (0} C(05)Hy
(1) (I1)

We assume that (i) reacts with NO forming an organic acid lumped into ORA2
ana HG, and that (it) decomposes o HCHO and HALP after reaction with NQ. Both
DEFOXY radicais are lumped into HKET with equal weights. The abstraction of the H-
atom from the hydroxy! group is neglecied.

The photolytic decomposition of MVK and MAC is neglecied, since the
quantum vields are very low. The products (CO,, CQO, ethene, propene, HCHO, and
organic acids) are rather siable (Raber et al., 1920) and have other sources that are
much larger. Paulson and Seinfeld (1962) included the photolysis of MVK and MAC,
they suggested, however, very small frequencies. The influence is likely to be
negiigibief el e SCRETEE SRR
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2.2 lsoprene degradation by O,

E}l

The products of the czonolysis of iscprene are iaken from Paulson e
(1€92b). The short-lived Criegee biradicals are not treated explicitedly in RADM-E.
We assume that they react exclusively with H,0 following Stockwell et al. (1980).
The ozonolysis of MAC (T129), MVK (T130), HM1 (T217), and HM2 (T218) is
treated in analogy 1o that of isoprene. Values for the rate constants are taken form
the upper bounds as estimated by Lurmann et al. (1986). No rate constanis were
reported for the reactions of HMi with ozone. Thus we estimate a common value for
both reactions of k = 510™cm’s” at room temperature with an Arrhenius temperature
dependence of E/R =800 K. Both values -are within the ranges reported for other.
alkenes (ses e.g. Atkinson, 1880). | :

2.3 lsoprene degradation by NQ,

. The rate constant for the reaction of isoprene with NO, is adopted from Wille et
al. (1961). The products should be similar to those of the oxidaiion by HO. They are
lumped into 2 nitrate ({SON), which reacts with NO, giving equal amounis of MVK
and MAC, and with HQ,, forming a more stable organic nitrate, which is lumped into
ONIT. The rate constants for the reactions of MAC ana MVK with NG, are estimates
py Lurmann et al. {1886). The products are treated in analogy to those of the
reaction with HO. The rate constants of the reactions of the HMi with NQ, are the
same as for OLI The further reaction sequences follow those of other alkenes in the
RADMZ2 mechanism. The rate constants for the reactions of HALD and HKET with
NQ, are adopted from Lurmann et al. (19886).

2 :-_@i@ﬁé@;ﬁ%@é. Chemical Mechanism %ﬁﬁ?\ﬁﬂ@ R

- The condensed mechanism (see tab. 3) is designed to fulfill two conditions.
First, it should include explicitly only those products of the isoprene degradation, for
which a comparison with field experiments is possible or seems to be feasible in the
near future. Thus, it contains MVK and MAC, which can be measured and which are
important and specific degradation products of isoprene (see for example Martin et
al., 1881). HKET is aiso included as a specific degradation product of isoprene. It is
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potentially important for the validation of the atmospheric isoprene chemistry if
measurements become feasible (Tuazon and Atkinson, 1890b). Second, it should
give coirect yields of at least O, NGO, HO, peroxides, aldehydes, and PAN.
Sensitivity studies showed, that the inclusion of HKET and HALD is essential for
correct predictions of the concentrations of HCHO, higher aldehydes (ALD), PAN,
and peroxides. These four carbonyis (MAC, MVK, HALD, and HKET) are included
together with the associaied peroxy radicals. These are a peroxy radical (ISOP) from
the isoprene-HO reaction and two (MVKP, MACP) for the reactions of MAC and MVK
with HC and an isoprene-NQ -adduct (ISON). A further peroxy radical (MA2P)} is not
accounted for, since its reaction with NGO, has only small rates leading to MPAN
- mixing ratios in tha sub-pob-range even at high isoprene concentrations.

Some short-lived substances (MFUR, HM1, HM2, HALP, HKEP, MA2P, MACN,
and MVKN) are included but they are not treated explicitly. They are assumed to be
in quasi steady state. Additional losses to compounds not included in RADM-E are
not taken into account, for example from reactions with HO, and other peroxy
radicals. Sufficiently accurate yields are to be expected for NO, mixing ratios larger
than 0.1 ppb. Two products of the reaction of ISOP with NO and the selfreaction of
ISOP react to a considerable percentage with ozone thereby producing HO. The
ozonelysis of the HMi is taken into account in the production yields of the reactions
of iISOP leading to HO production in the reaction with NO and in its selfreaction.
Some compounds (DOC, MPAN, IPAN, DPAN) are neglected, which contribute liitle
to the overail reactivity of the mechanism, i.e. with typical reaction rates < 10%m®s™.

4 BModel Calculations

The three mechanisms (RADM2, BADM-E, and RADM-C) were compared in

calculations with a simpie one-dimensional (2-box) model which incorporates fast
vertical transport within the planstary boundary layer (PBL} and an exchange with
the free atmosphere as described by Sillman et al. (1880). The runs do not intend to
model a specific episod, instead initial conditions and emissions are f‘hosen o
demonstrate ihe different impact of isoprene within the three mechanisms.

- The parameterization of the diumnal cycles of the height of the PBL
temperature, and sources of NO, and isoprens are rather crude. The scenarios
-share the same diumnal cycle of the height h{t) of the PBL. The mixing height is
100 m from 21.00 to 7.00°LT. Then h(t) increases with 26% h™ till 17.00°LT when the
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maximum height of 1000 m is reached. From 17.00 to 18.00 LT it drops rapidly o
132 m, and from 18.00 to 21.00LT it decreases to 100 m. The frequency of
exchange with the free troposphere is 10°s".

The temperature is 283 K from 21.00 fo 7.00LT and varies linearly i0o a
maximum of 308 K at 16.00 LT. Thereafter it drops linearly to its nighttime value. The
isoprene flux Q is a function of the temperature T and incident photosynthetic active
radiation (Lamb et al., 1985) Here the latter is be parameierlzed by the photolysis
frequency of ozone, H0,), yielding 0'D :

Q = £(T) ' g{J) - (1)

where f(T) models the exponential dependenceon T

S E(T) = Q1(Q5/07)° (2)
T - Tl

with S S — (3)
Ty - T

The parameters Q, are measured maximum values for a deciduous forest (Lamb et
al., 1985) with Q, = 10"cm®s™ and Q, = 210"cm?®s™ for T, = 273 Kand T, = 303 K,
resp. The influence of the radiation is modsled by

where J__ is the maximum J-value at noon. The diurnal cycle of Q adopting these
experlmemal data is Glspiayec.i in Tigure i.

Explorative calculations indicated that the resulis of a comparison between
RADMZ2, RADM-E, and RADM-C are mainly determined by the NG, ievel.
Temperature -and radiation are less important, since the first and usually rate
determining siep, the reaction of HO with isoprene is the same in all mechanisms.
Therefore, the scenarios are characterized by different levels of [NO] and
appropriate concentrations of the hydrocarbons. ccverlng thereby condrbons of clean
to poiiuteci air. : '

Al calculations are for summer solstics. In table 4 the initial conditions of the
-calculations for the scenarios are summarized. Scenario 1 investigaies remote
tropical ‘conditions (23° N) with clean air (NO, emission rate at 210%m?s™), high
-_hum__idii_y. (H,C mixing ratio 3 percent), and high radiation. Scenario 2 simulates a
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rural situation at 50°N with a NO_ emission rate of 210"%cm™s”. A suburban situation
is modelled in scenario 3 with a NO-emission strengih that varies with time
Scenaric 4 discusses an urban situation with a large NO, emission rate of 10%cm™s

Details of the treatment of CC and the hydrocarbons are somewhat different for ‘the
scenario. They are specified in table 4b. The calculations simulate an episcde of 84
hours starting at local noon. After a iransition period of about 60 hours many
compounds, in panticular the photooxidants, approach nearly periodic diurnal cycles
in the lower box. The comparison beiween the diiferent mechanisms refer to the

results of the last day of the simulation.

§ Comparison of RADM2 and RADM-E

The most decisive difference between RADMZ and HADM-E is already given by
the different product spectrum of the initiating reaction of isoprene with HO ;

(1} In BADMZ the products of the oxidation of isoprene are the same as for the
oxidation of propene implying that the higher carbonyls produced by the
oxidation of isoprene are lumped into ALD, which is given the same reaciivity
as aoetaldshyde. in RADM-E these carbonyls are treated separateiy from ALD
by MAC, MVK, HM1, and HM2. These carbonyis have entirely different
-reactivities and product specira compared to ALD. Alihough the definition and

therefore the properties of ALD are the same in RADM2 and RADM-E, the

'-ﬁAD&f@surrog&ie ALD represents bicgenic carbonyls, tco. To distinguish

between them in the discussion below, ALD of RADM2 and RADM-E is denoted

by ALD, and ALD,, respectively. As long as there Is no isoprens, ALD, and

ALD, are identical. In the presence of isoprene, ALD, also encompasses
-biogenic carbonyls not included in ALD

(2} In-contrast to RADMEZ the oxidation of isoprene in RADM-E leads to the

-+ production of organic nitrate lumped intc ONIT (Stockweli

“reactions of the ISP with NO vield 12 percent ONIT, which can be significant

source of CONIT. Relative to RADM2 there is a redistribution of nitrogen

: '-'compaunﬁs in favor of long lived organic nitrates. Especiaily, concentra‘tlons of
"NO,_, HNQ,, and PAN are lower in RADM-E than in RADM2. ' '

(3) - Due to the improved chemistry the carbon is nearly conserved during the

et isoprene degradation. The formation of ONIT and OP2 and some of the peroxy

[aTaTal T
goUj . Ine
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radical permutation reactions violate carbon conservation, however, the carbon

-loss is negligibly small.

All differences are expecied io be particularly effective under 1
conditions. Here we discuss the results ( fig. 2a-g) for the NO -poor rural scenario for
mid latitudes (scenario 2) first. Compared to RADM2 the production of the organt
nitrates (ONIT) is higher by a factor of 3 at noon and up to 8 in the evening which
reduces [NC,] by about a factor of 5 to 8 in the afternoon (fig. 2a, b). During this time
the lower NO concentration weakens the recycling of HO and HO, so severely that
HO in RADM-E vanishes practically an hour earlier than in RADM2. Conseguently 50
percent less HNO, is produced. The precursors of PAN, NG, and ACOS3, behave
differently in RADM2 and RADM-E. The nitrogen dioxide level is lower in RADM-E
and the concentration of ACOS3 is enhanced. The main effect is an advance of the
peak concentration of PAN by about one hour in RADM-E compared to RADM2
(tig. 2¢). Also the daily maximum of PAN is about 25 percent higher in RADM-E, but
in the afterncon the PAN concentration in RADM2 exceeds that of RADM-E by a
factor of 3. The lower NG, concentration in RADM2 reduces slightly the production of
Q, (6 percent, or 4 ppb at the peak concentration).

The decreased HO abundancs in RADM-E weakens the isoprene degradation
resulting in an enhancement of the isoprens concentration by about 25 percent
(fig. 2h). Lower NO_ concentration and higher nighttime abundance of isoprens in
RADM-E cuts [NQ,] during the night by 50 percent.

HCHO has a lower concentration not only due to reduced [HO], but aiso
because of the reduced vield during the improved isoprene degradation in RADM-E.
OLTP, the peroxy radical associated with isoprene in RADM2, releases one HCHO

molecule in the reaction with NGO, whereas the reactions of NO with the peroxy
cific for isgprene in BADM-E visld only 0.6 molecules HCHO on the

-

ow NO-

radicals ISP
average (T131-T136).

Lower recycling of HO, by NQ increases the HGO, concentration in RADM-E,

ading 1o a 36 percent higher concentration of H,0, (fig. 2{). The additional crganic

armaaime wahink arn ralaseasd
QPGUlU_Q, WWiINHWIE QIT 1ITITROTW by the ES

steps in RADM-E, produce more peroxy radicals, and enhance the abundance of
OP2 by more than a factor of 4 (fig. 2g). '

- Obviously the chemical representation of aldehydes in RADM-E is much better
than in RADM2. The sum of ALD_, MVK, HMI, and MFUR corresponds roughly to
ALD, in RADM2. The relation is only approximately vaiid depending on the NQ, level,
‘because the losses to organic nitrates are also losses of carbonyl compounds.

"
rene oxidation requwm more danrnﬁ‘ﬁ.:nn
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Moreover the reactivities of these compounds are different from the reactivity of
ALD,.

in contrast to BADMZ2 where GLY and MGLY are mainly products of the
oxidation of aromates in BADM-E & potential source of these compounds are the
destruction of carbonyls following the isoprene oxidation. Depending on the iscprene
relative to the aromates concentration MGLY and GLY can build up significant
concenirations. Many of the findings for scenario 2 hold aiso for the scenario 1 (nho
figure given). The NO -level is considerably lowsr which enlarges the differences
between RADMZ2 and RADM-E. For example an sven larger fraction of NO, is stored
in organic nitrates. Also the H,0, mixing ratio is affected according to a different
partitioning of HC_inte HO and HO,.

The reduced recycling of HO, by NG is compensated by the enhanced HQ,
destruction by biogenic peroxy radicals. With exception of the moming hours, [HO,]
is diminished up to more than a factor 2 in the afternoon, when biogenic peroxy
radicals are present due to the isoprene oxidation. Thersiors, the H,0, concentration
is reduced by 40 percent in RADM-E. However, [HO] is up to a factor of 2 higher in
the afterncon, and more than a factor of 5 in the night, because then the ozonolysis
of isoprene and of its degradation products serves as the dominant source of HO in
RADM-E.

- The importance of the permutation reactions of the ISPI is demonstrated in the
diurnal cycle of [HCHO). Higher concentrations and a 5 hour delay of the peak
concentration in RADM-E are the result of a high production of HCHO by
permutation reactions lacking compietely in RADM2. - | '

Scenario -3 for a suburban situation serves as an example for & high NO,
situation (fig. 3a-g). The concentration of ONIT in RADMZ2 and in RADM-E differs still
by a factor of 4 (fig. 3a). The diurnal cycle of the NU, mixing ratio exhibils now three
maxima. As in the other scenarios the maxima early in the morning and in the late
afierncon are caused by the interplay between the varying height of the mixed layer
and the varying photolysis of NO,. The third peak in this scenaric is caused by the
substantial day time emissions of NO which is rapidly converted t¢ NG, in the
presence of O, However, [NG,] is only about 20 per cent reduced in RADM-E
{fig. 3b}. Since the reaction with NO, is now the dominant sink for HO the decrease
of NO, in this case means an increase of the concentration of OH (about 15 percent
higher. peak value), of O, (about 8 percent or 8 ppb), of HO, (nearly a factor of 2), of
HZQ {factor 3), of OP1 (factor 2),-and of OP2 ({actor 5). The lower recycling rate of
radicale by NO enhances the concentrations of the peroxides additionafly. However,

EPAN} and [HNQ,] are approximately the same in RADM2 and RADM-E, because the




18

iower NO, concentration is compensated by higher concentrations of ACO3 or OH
on the daily average.

-~ The differences between RADM2 and RADM-E depend strongly on the level of
NO, (see table 5). At high NO, levels the formation of organic nitrates is limited by
the isoprene abundance. In urban case, scenario 4, for example the difference for
[NO ] is as low as 10 petcent, thus leading to lower discrepancies for all substances.
Especially [O,] differs by less than 2 percent. The main cause for decreasing
differences is the reduction of the production of organic nitrates with increasing NO..
This makes the budget of photooxidants and nitrogen oxides less sensitive to the
different treatment of N-containing compounds in RADM2 and RADM-E. '

& Comparison of RADM-E and RADM-C

RADM-E and RADM-C are in much closer agreement with each other than
either with RADM2, Main differences arise from the lumped reactions of the biogenic
peroxy radicals and from the different reactions with NG,

The lower numbsr of degradation steps reduces the total concentration of
bicgenic peroxy radicals in RADM-C. As a consequence the distribution of ROOH
among the different peroxide species changes. Thus, the concentration of CP2 is
lowered up to about 10 percent in RADM-C. Since HO, and MO2 have less other
peroxy radicals 1o react with thelr concentrations are higher (80 percent for [HG,] in
the remote case in the afternoon, 5 percent for the rural and the suburban cases).
Similarly the production of peroxides is larger in RADM-E than RADM-C, for example
of H,0, (35 percent in the remois case, less than 10 in other cases), and of OP1 (iz :
percent in the remote case, less in other cases). '

-The nighttime chemistry in RADM-E and RADM-C differ considerably, if NO,
concentrations are large, for example in the presence of high O, and NO, mixing
ratios. Then the reactions of NO, with the biogenic compounds become important.
The severest simplification in the NO,-chemistry of RADM-C is, that NO_-reactions of
MAC and MVK do not produce the reactive .organic nitrates MACN and MVKN. -
Instead the surrogat OLN is formed, which contains also the nitrates formed by -
alkenes. The reaction of OLN with NO vields HCHO and ALD, whereas the reactions
of MACN and MVKN- with ‘NO produce -HCHO and MGLY. In RADM-E about 70
percent of MG LY are produced by the reaction of MVKN with NO in ihe suburban
- case at night. Due to the neglection of this nighttime source for MGLY in RADM-C




17

the concentration of MGLY is lower by about 40 percent. Moreover, in the suburban
case 50 percent of HALD are depleted by NQ, during the night in RADM-E. Since
this reaction is not part of RADM-C, the condensed mechanism predicts higher
HALD concentrations up to 25 perceni. In both cases these errors due to the
condensation do not affect the day time conecentrations, and have no influence on
the concentrations of other stable substances.

The degree of performance of RADM-C is expressed by the relalive mean
devigtion ¢ (equation 5) and the relative mean bias b (equation 6). They are
calculated for some key substances (NG, O,, H,0,, HO, HO,, HCHO, and PAN). The
means are taken over the hourly calculated concentrations of the last day (n = 24) of
g@ach scenario, where | denotes the hour and the indices e and ¢ denote RADM-E
and BADM-C:

4

2
JE{CQJ - Cc,i}

n

G = ZC _ (5)
f
Z‘Ce,imcm
b = L (6)
%

The calculated values of b and ¢ are displaved in {able 8, together with the

_In most cases ¢ is small with values below 20 par cent. PAN is an excention
with higher valuss in scenarios 1 and 2, other exceptions are HO in scenario 2 with
44 per cent and HO, and H,0, in scenario 1. The latter is simply a result of the higher
amount of peroxy radicals in BADM-E compared to RADM-C. Since thair reactions
with HO, is the dominant sink of in scenario 1 and thereby controls H202 as well.

" The bias is sometimes considerable, too. Especially [PAN].is higher by 61
percent i_n_the remote case, 35 percent in the rural case and 15 percent in the
suburban case in RADM-C. This is due to a higher concentration of ACOS, into-
which HALP and MA2P are lumpsed in the condensed scheme. Generally, the
| pe_ri‘o__rmanee is worse in scenario 1 compared to the other scenarios, except for O,
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HO, and HCHO. HO is also significantly higher (21 percent) in the rural case in
RADM-C.

However, taking into account all scenarios, the results of RADM-C agree well
with those of RADM-E. The higher biases in scenario 1 are of minor imporiance,
since under such conditions the permutation reactions of peroxy radicals are
importani, whose rate constants are rather uncertain by a factor of 2 (Atkinson et al.,
1€88). Thus the higher biases ars connected with the higher uncertainty of RADM-E.

The shapes of the diurnal cycles are similar for both schemes. Exceptions of
this rule are: [HCHO] peaks about 2 hours earlier in RADM-C in scenario 2 and 1
hour eatlier in scenario 3. [H,0,] peaks 1 hour earlier in scenario 1 and [PAN] 1 hour
earlier in scenario 3.

The agreement of the concentrations of MAC, MVK, HALD, and HKET is
typically within 10 percent.

7 Comperison of RADM-E and LLA

HADM-E is compared with the chemical mechanism of Lurman et al. (1988) (in
the following denoted by LLA). LLA is a detailed mechanism (278 reactions, 136
substances) with lumped molecules. it is mainly an update of an elder mechanism
enriched by the isoprene chemistry from Lloyd et al. (1883) which has been used as
basis for many other chemical mechanisms since then {ses &.g. Trainer et al. (1887)
and Hough (1981)).
For the comparison the procedure of Hough (1688) is partly adopied:
1. The inorganic chemisiry is repiaced by that of RADWZ.
2. The rate constants of ail reactions of isoprene and of MVK with HO are
. changed to the values in RADM-E. LLA distinguishes between
anthropogenically and bicgenically produced methyi giyoxal, MGLY and
MGGEY, respectively. Boih species undergo the same reactions with the
" exception of the photolysis of MGGY which is higher by a factor of &
{Lioyd et ai. (1883)). We have taken the phoio!ysss frequsncy of RADM-E.
3. “The concentrations of the hydrocarbons in LLA are chosen to give the
.~ .same reactivity as those in the other mechanisms. HC3 of RADMZ s half
- -represented by ALK4 and half by EOH (eﬂ"anon in LLA. s—acfﬁ. of %ADM =
s reprcsenied by ALK7, scaled by.0.8. | o
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Both schemes exhibit some differences with respect to the chemistry of
isoprene that are summarized as follows: Since in LLA 10 percent of the peroxy
radicals of isoprene, methy! vinyl ketone, and methacrolein react with NG forming
organic nitrates, the loss of NO_to NOy due to isoprene degradation is very similar in
LLA and RADM-E. But these organic nitrates are not treated in LLA as products and
therefore the budget of organic nitrates and NG, is not properly balanced. in
particular these nitrates can not serve as a reservoir of NO_in LLA.

The products of the isoprene degradation are formed with different yields in the
two mechanisms. MACR (which is MAC in LLA) and MVK are produced to equal
amounts. HCHO is formed in a 50 percent higher yieid in the first oxidation step in
LLA. GLY and HKET are not product of the oxidation of isoprene.

We begin with the comparison of LLA and RADM-E for scenario 2 without
isoprene {0 be able to distinguish between the effects induced by isoprene chemistry
and the other paris of the mechanism. In general the differences are small, howsver,
LLA produces about 50 percent {up o 0.48 ppb) more HCHO and 50 percent (up to
0.13 ppo) more H,O, then RADM2, whereas O, and N-containing species are
approximately the same in RADMZ and LLA. We assume, that these differences are
smali against those caused by differences in the isoprene chamisiry. in scenario 2
now including isoprene LLA and BADM-E give partly rather simiiar resuits. [NO ]
(fig. 4a) agrees within 10 percent and [Q,] within 5 psercent. in LLA the diurnal cycie
of [HNGQ,] is simiiar to that in RADM-E, but advanced by one hour. [H,0,] is up tc 20
percent higher in LLA. The peaks of [HO] and [HG,] are one hour earlier and about
10 percent higher. In LLA THCHOQ] is up to 20 percent lower during the night (fig. 4d).
It peaks at 6.00 LT, 8 hours earlier than in BADM-E, with a maximum thai exceeds
the peak vaiue of RADM-E by 20 percent. The concentrations of higher aldehydes
are up 1o 80 percent higher in LLA, of PAN and higher carboxyiic nitric anhydrides
are up to 40 percent in the day-lime and up to a factor of 2 in the night. The isoprene
concentration is up io 40 percent higher at night time and lsss than 20 percent at:
day. The concentrations of MAC and MVK differ by less than 10 percent at day. '

~'In scenario 3 the differences between botn chemical machanisms are more
pronounced. This is partly due to the fact, that the concentration of HO is higher than
for RADM2. In RADM-E this Isads to a closer coupling of the concentrations of ONIT
to that of NO, and to a higher production of ONIT, since isoprene is oxidized by HO
to & larger fraction. Since the organic nitrates of isoprene, MAC, and MVK are not
inciuded in LLA, there is an overestimation of the loss of NG,. So, ING,] is lower by
10 to 25 percent. This leads toa 5 percent or 5 ppb higher gea.n concentration of C..
.[HO} |s hxgher by about 20 percent and [H,0,] by a factor of 1.5 to 2. [HNQ,] is not
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significantly different in LLA and RADM-E. [HO] is much higher between 5.00 and
10.00 LT, up to a factor of 3, but about 10 percent lower petween 12.00 and
16.00 LT. [HCHO] is 10 to 20 percent higher, and the concentrations of higher
aldshydes are up o 25 percent lower. The concentrations of carboxylic nitric
anhydrides are more than a factor of 2 lower at night and about 10 to 20 percent
lower between 11.00 and 17.00 LT. Although isoprene concentrations difier by less
than 20 percent, MACR Is higher than MAC by nearly a factor of 2 in the afternoon.
The MVK concentration is up to 20 percent higher in LLA compared to RADM-E. The
concentration of HALD is up to 40 percant lower in LLA. The concentration of MPAN
differs by less than 10 percent except in the first hours after sunrise, when it is up io
50 percent higher in LLA.

The question which mechanism has better performance depends on the
problem to be dealt with. Since LLA has a better resolved representation of the
organic emitted frace gases it does a better job on their degradation. However,
RADM-E properly balances the organic nitrates and therefore the NO_ budget.
Presumably it will also predict the production of photooxidants more accuratgly. Final
answers can only be deduced from comparisons with experiments. g

8 @@ﬁséugéﬁﬁg

The differences between RADM2 and RADM-E are caused by the improved
isoprene chemisiry implementsd in RADM-E. For vanishing isoprene abundance
both schemes give identical answers. For NC, above 2 ppb {he discrepancies are
only minor and affect dominantly the specific degradaiion products of isoprene.
Below 2 ppb the extension of RADM2 to BADM-E is necessary for the ability of the
chemical mechanism to predict the concentrations of peroxides, PAN, NO_, HNG,,
and aidehydes. Since field measurements indicate that high isoprens mixing ratios
under fow NGO, concentrations are frequently encountered during summer in rural
areas (Niki et al., 1980, Martin et al., 1881), the extension of RADM2 by an isoprene
degradation mechanism is recommended. :

"'?her;e. are two main problems in RADM2 which are removed by the improved
isoprene chemistry in RADM-E. The first is the absence of one or more peroxy
radicals emerging from the adduct of HO and isoprene, which can react with NO
'_'forming -organic nitrates (ONIT). Conseguently RADM2 underestimates the ONIT
preduction and overestimates the concentrations of other N-compounds, e.g. NO,,
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HNO,, and PAN. The second is, that the number of oxidation steps and therefore the
yield of peroxy radicals is too small. RADM2 thereby viclates the conservation of
carbon. In RADMZ2 40 per cent of the carbon in isoprene get lost in the first oxidation
step. Both problems are approximately solved in RADM-E, where the carbon is
conserved to 95.2 per cent, if only the reactions with HO and NO are considered.
The production of organic nitrates ONIT and organic peroxides OP2 is a loss of
carbon, because both surrogates contain only three carbon atoms.

RADM-C takes a position between RADMZ2 and RADM-E, since about 80 per
cent of the carbon are conserved during the oxidation of isoprene. With the
exception of the remote case RADM-C gives within a few percernit the same resuits
as RADM-E. The use of RADM-C is recommended since it is more time-efficient and
simpler than of RADM-E. The discrepancies in the range of 10 - 30 percent for
peroxides and aldehydes in the remote case are small against errors from the highly
uncertain rate constants of the permutation reactions of the peroxy radicals.

The comparison of RADM-E with LLA indicates that there is a real need for an
updated chemical mechanism for the isoprene degradation, since the results of the
two mechanisms differ substantially, especially for [NO 1> 1 ppb. ' R
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10 Appendix - List of Tables

1 Table 1: List of spscies in BADM-E and RADM-C

voulhy
@

1.-83. as intab. 1 in Stockwell et al. (1880)

gdditional carbonyls and other stable compounds

64. MAC methacrolein CH,C(CH,)CHO

65. MVK methyl vinyl ketone CH,CHCOCH,

66. MFUR 3-methylfuran Q(CHCHC(CH3)CH)

67. HM1 4-hydroxy-2-methyi-2-butenal HOCH,CH(CH,)CHO

88. HM2 4-hydroxy-3-mathyl-2-butenal HOCH,C(CH,CHCHO

68. DOC HOCH,C(OH)(CH,)CHO
+OHCC(OH)(CH,)CHO

70, HALD glyeolaldehyde HOCH,CHO

71. HKET hydroxyacetone HOCH,COCH,

additional peroxy radicals

72. i5P1 CH,C(CH,)JCH(OH)CH,0,

73. 18P2 CH,C(CH,)CH(C,)CH,OH

74. 15P3 Q,CH,C(CH)CHCH,OH

75. iSP4 HOCH,C(CH,)(C,)CHCH,

76. 1SP5 CH(O,)C{CH,)CH)CHCH,
77.15P86 HOCH,C(CH,)CHCH,Q,
78.ISOP surrogate for all ISPi in RADM-C

79. MACP OHCC(CH)O,)CH OH + OHCC(CH (CH)CH,0,
80. MAZP CH,C(CH,IC(O)G, (mathacry!icperoxy ragical)
81. MVKP CH,C(O)CH(O,)CH,OH + CH,C{O)CH(OH)CH,O,
82. MFU four peroxyvradicais of 3-methyifuran

depicted in chapter 2

83. HMIP  OHCC(CH,)O,JCH(OH)CH,OH + OHCC(CH,)(OH)CH(O,)CH,0H
84. HM2P  OHCCH(O,)C(CH,)(OH)CH,OH + OHCCH(OH)C(CH,)(O,)CH,0H
85. H103 HOCH,CHC(CH,)C(0)0,

86. H203 HOCH,C(CH,)CHC(0)O,

87.DC03  HOCH,C{CH)OH)C(O)0, + OHCC(CH,)OH)C(0)T,

ag HALP HOCH,C(0)0,

89.HKEP  HOCH,C(O)CH,0, + HOCH(O,)C(O)CH,
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Additional nitrates and PANs
80. ISCON NQ, - adduct of isoprene
91. MACN NG, - adduct of MAC
@2, MVKN NQ, - adduct of MVK
93. MFUN NQ, - adduct of MFUR
4. MPAN CH,C(CHC(O)O,NG,
{peroxymethacrylic nitric anhydride)
85. iPAN HOCH,C(O)O,NG,
(hvdroxy peroxyacetic nitric annydride)
g5. DPAN HOCH,C(CHYCH)C(C)YO,NO, + OHCC(CH,)(CH)C(O)O,NG,
97. HPN1 HOCH,CHC(CH,)C(O)O,NO, - C
a8. HPN2 HOCH,C(CH,)CHC(C)O,NO,
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10.2 Table 2: Reactions RADM-E’

Photoiviic reactions:

Pi1-P22 as in tab. 2a in Stockwell et al. {1%50) _
P22 HALD -> 2.0 HO2 + HCHC + CO game photolysis frequency as ALD

Thermal reactions: : .
T1-T124 except T40,768,T72 as in tab. 2b.in Stockwell et al. (1980).

o A -B/R
T40 ISO + HO -> 0.12 ISP1 +0.19 ISP2 +0.11 I8SP3+ 2.55E-11 -40%
-> 0.17 ISP4 + 0.27 ISPS + 0.14 ISPé
T68 IS0 + NO3 -> ISON 8§.00E-13 O
T72 IS0 + 0C3 -> 0.67 MAC + 0.26 MVK + 0.45 03P+ 1.238-14 -2013
-> 0.6 BHO + 0.8 HCHO + 0.06 HOZ +
-> 0.19 CO + 0.06 QLT +
~-> 0.06 ORAZ + 0.07 ORAl
T125 MAC + HO -> 0.5 MACP + 0.5 MAZP 1.86E-11 175
T126 MVK + HO -> MVKP 4.13E-12 452
T127 HALD + HO -> 0.8 HALP + 0.2 HO2 + 0.2 GLY 6.87E~-12 256
T128 HKET + HO -> HKEP 3.00E-12 0O
T1i29 MAC + 03 -> 0.91 MGLY + 0.44 03P + 0.54 HO + 4.40E-15 -2500
-> 0.8 HCHO + 0.07 ORAl + 0.0% oORAZ2
T130 MVK + 03 -> 0.85 MGLY + 0.44 03P + 0.42 HO + 4.00E~-15 -2900
-> 0.8 HCHO + 0.07 ORA1 + 0.07 ORAZ +
-> (.08 ALD
T131 ISP1 + NO -> 0.17 MFUR + 0.88 NO2 + 0.88 HC2 + 4.20E-12 180
-> 0.71 HCHO + 0.71 MAC + 0.12 ONIT
T132 ISPZ + NO -> 0.88 NO2 + 0.88 HO2 + 0.88 MAC + 4 .20E-12 180
->» 0.12 ONIT + 0.88 HCHO
T133 ISP3 + NO -> 0.88 NO2Z + (.88 HO2Z + (.88 HMl 4.20E-12 180
-> + 0.12 ONIT
T134 ISP4 + NO -> 0,18 MFUR + 0.88 NO2 + (.88 HO2 + 4.20E-12 180
-> 0.7 HCHO + 0.7 MVK + 0.12 ONIT
T135 IZF5S + MO -> 0.88 NOZ + (.88 HOZ + (.88 HCHO + 4.20E-12 180
-> 0.88 MVK + 0.12 ONIT
T136 ISP6 + NO -> .88 NO2 + 0.88 HOZ + 0.88 HM2 4 .20E-12 18C
~> + 0,12 ONIT
T137 MACP + NO -> 0.8 HKET + 0.2 HCHC + 0.2 MOLY + 4.208-12 180
-> + HO2 + 0.8 CO + NO2
Ti38 MAZP + NO -> NOZ + HCHO + ACO03 4.20E-12 180
T139 MVKP + NO -> 0.7 ACO3 + 0.7 HALD + 0.3 HCHO 4.20E-12 180
~> + 0.3 HOZ + 0.3 MGLY + NO2
T140 HALP? + NO ~-> NO2 + HO2 + HCHO 4.20E-12 180
Ti41 HKEP + NO -> NO2 + 0.5 ORA2 + 0.5 HCHO 4.20B-12 180
-> + 0.5 HALP + 0.5 HO2
T142 BMiP + MNO ~->» W02 + HOZ2 + MGLY + HALD 4.20-12 180
7143 HM2P + NO -» NO2 + HO2 + GLY + HKET 4.20E-12 180
Tid44d MFUP + NO -> NOZ + 0.5 MVK + 0.5 MAC + HO2 4 .20E-12 180
+ 4.20E-12 180

T145 DCO3 + NO -> 0.5 HKET + 0.5 MGLY + HO + NO2




Ti46
7147
T148
T149
T150
T151
T152
TiS3
T154
T155
T1586
T157
T158
T159
7160
Tis6l
T162
Ti63
T164
T165
T166
T167
Ti68
T169
T170
Ti71
T172

T173

T174

T175

T1i76

T177

=]
Y
~1
[o3]

3
|
~J1
w

T180

Tigl

Ti82
T183

=3
s
o
LIS

ISON + NO
MVEN + NO
MACN + NO
MFUN + NO
HALP + NO2
IPAN

MAZP + NO2
MPAN

DCO3 + NO2
DPAN

DOC + HO
ISPl + HOZ
ISP2 + HOZ
ISP3 + HOC2
I8P4 + HO2
ISPS5 + HO2
ISPg + HOZ
Hdip + HOZ
HM2P + HO2
MACP + HOZ
MAZP + HOZ
MVKP + HOZ
HKEP + HO2
HALP + HOZ
MFUP + HO2
DCO3 + HO2
ISPl + I8Pl
ISPl + ISP2
ISP + ISE3
IspPz2 + ISP3
ISPl + IsSp4
ISPl + ISPs
ISPl + ISP6
I5P2 + IsSp4
ISP2 + ISPS
I8P2 + 1Isré
ISP3 + I8E3
ISP3 + ISp4
ISP3 + ISPS
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2.0 NO2 + HCHC + 0.5 MVK + 0.5 MAC
2.0 NO2 + HCHO + MGLY

2.0 NO2 + HCHO + MGLY

2.0 NO2 + MVK -

IPAN

HALP + NO2Z

MPAN

MA2P + NO2

DEAN

DCO3 + NO2

Dco3

op2

OP2

oP2

oPp2

orP2

oP2

oP2

oP2

op2

oP2

op2

op2

0P2

op2

oP2

1.2 MAC + 0.6 OLT + 0.2 DCB

+ 1.2 HCHO + 1.2 HOo2

1.2 MAC + 0.7 OLT + 0.1 DCB +
1.2 HCHO + 1.2 HOZ

0.6 MAC + 0.4 OLT + 0.2 OLI +
0.6 HCHO + 1.2 HGZ + 0.8 HM1
0.6 MAC + 0.2 OLI + 0.8 HM1 =+
0.6 HCHO + 1.2 HO2 + 0.3 OLT +
0.1 DCB

0.6 MAC + 0.6 OLT + 0.2 DCB +
1.2 HCHO + 1.2 HO2 + 0.6 MVK
0.8 MAC + 0.3 OLT + 0.1 DCB +
1.6 HCHO + 1.6 HOZ + 0.8 MVK
0.6 MAC + 0.4 OLT + 0.2 OLI +
0.6 HCHO + 1.2 HOZ + 0.8 HM2
0.6 MAC + 0.6 OLT + 0.2 DCB +
1.2 HCHO-+ 1.2 HO2 + 0.6 MVK
0.8 MAC +-0.3 OLT + 0.1 DCB +
1.6 HCHO + 1.6 HO2 + 0.8 MVK
0.6 MAC + 0.2 OLI + 0.8 HM2 +
0.6 HCHO + 1.2 HOZ + 0.3 OLT +
0.1 1C : C
1.6 H¥M1 + 0.4 OLI + 1.6 Hoz
0.8 HM1 + 0.6 MVK + 1.2 HO2 +
0.6 HCHO + 0.2 OLI + 0.3 OLT +
0.1 DCB '

0.8 MVE + 0.8 HMI + 1.6 HO2 +
0.2 OLI: +: 0.2 OLT =

20E-12

.20E-12
L20E-12
.20E-12
.1E-12
.95E+16
IE-12
.95E+16
.7BE-12
.95E+16
QE-11
JTE-14
.7E-14
.7E-14
LTE-14
.7TE-14
.7E-14
TE~-14
L1E-14
.7E-14
.T7E-14
.7E-14
.TE-14
LIBE-14
.7E-14
.TE-14
.0E-13

.5E-14

L0E-13

.5E-14

.5E-14

.0E-13
.0E-13

180
180
180

i8¢

-13543

-13543

-13543

1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
13090
1300

<




T185
T18%
T187

T188

T18S
Ti90
Ti%91
T192

T183

Ti%4

T185

T186

T197
T1¢8
T1%¢
T200

T201
T202

T203

T204

T205

T206

T207

T208

IsP3

isp4

ISP4

ISP4

ISP5

1SP6

MACP

MACP

MACP

MACP

MACP

MACP

MAZFP

MAZP

MAZP

MAZP

MA2P
MAZ2P

MVEP

MVKP

MVEP

MVK?D

MVK?

MVKP- + .

ISP6
Isp4
ISPS

ISP6

ISPs
ISPé
Is5pl
ISP3

Isp4

1SP6

Isp2
Isp5

I8Pl
Isp3
ISp4
ISP6

ISPS
isp2

I8Pl

IsP3

Isp4

ISP6

ISPz

OCCOODOO0OQCAOMFOOPOOCORP OCOOHFOHODOODOO iR kD
OGO 00 0 0 0 0 W WhhoWwihoo oW WNOGBOONOWDMWNOGOGDNMNO©EMOOO ™ OVDLN DD N ©
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HM1 + 6.4 OLI + 0.8 BHM2 +

HOZ2

MVK + 0.6 OLT + 0.2 DCB +

HCHO + 1.2

PE vt

Ve

MVK + 1.8 HO2 + 1.8 HCHO +

OLT

MVK + 0.8 HM2 + 1.2 HOZ +
HCHC + 0.2 OLI + 0.3 OLT +

DCR
MVK
OLI

8
2
.4
6
4

O o O O o

HM1 + 0.2

2

HOZ2

MAC

OLT

ES
&=

6 MGLY + 1.2 HCHO +

HM2 + 1.

oLT

6 HO2 +

OLT + 1.5 HO2
MGLY + 1.2 HCHO +
DoCc + 0.1 BCB +

OLI + 0.6 MGLY +
HCHO + 1.2 HO2 + 0.4 DOC

0.
0.4 poCc + 0.1 DCB +

+ 0.2 OLI + 0.6 MGLY +

oo

.6
.4

MGLY + 1.2 HCHO +
DOoC + 0.1 BCB +

+ 0.2 OLT + 0.2 ORAZ2 +
ACO3 + 0.8 HO2 + 1.6 HCHO
HMI + 0.2 OLI + 0.2 ORAZ +
ACO3 + 0.8 HOZ + 0.8 HCHO
MVK + 0.2 OLT + 0.2 ORAZ +
ACC3 + 0.8 HOZ2 + 1.6 HCHO
HMZ + 0.2 OLI +-0.2 ORAZ +
ACO3 + 0.8 HOZ + 0.8 HCHO
+ ACO3 4+ 2.0 HCHO + HO2
MAC + 0.2 OLT + 0.2 ORA2 +
ACO3 + 1.6 HCHO-+ 0.8 HOZ2
MAC + 0.6 MGLY + 1.2 HCHC +
HOZ2 + 0.4 DOC + 0.1 BCB +

HMI +-0.2 OLI + 0.
HCHO '+ 1.2 HO2 + 0.4 DOC
MVK + 0.6 MGLY + 1.2 HCHO +
HOZ + 0.4 DOC + 0.1 DCB +

QLT

& MGLY +

BHM2 + 0.2 OLI + 0.6 MGLY +
HCHO + 1.2 HO2 +

MAC
HO2
01T
MVK
HO2
OLT

+ 4

0.4 DOC

1
1

(2]

.2 HCHO +
DCB -+

.2 HCHO +
DCE +

2.0E-13
2.0E-13
4.9E-15

2.0E-13

4.9E-15
2.0E-13
1.0E-13
1.0E-13

1.08-13

1.0E-13

1.3E-14
2.5E-15

8.0E-13
8.0E-13
8.0E~13
8.0E-13

3.0E-15
1.8E-14

1.0B-13

1.0E-13

1.0E-13

1.0Ef13

1.3E-14

2.5E-15"




7209

T210

T211

T212

T213

T214

T215
T216
T217

T218

T21%
T220
T221
T222
T223
T224
T225
T226
T227
T228
T229
T230
T231
T232
T233
T234
235

MO2 + ISPl
MO2 + ISP4
MO2 + ISP3
M0O2 + ISPH
M0O2 + ISP2
MO2 + ISPS
HMi + HO
HMZ + HO
MMl + O3
HM2 + 03
HM1 + NO3
HM2 + NO3
MAC + NO3
MVK + NO3
HALD + NO3
HEKET + NO3
MFUR + HO
MEFUR + NO3
DOC + NO3
Hi03 + NO2
H203 + NO2
HPN1

HENZ

H103+ NO
H203+ NO
H103+ HOZ
H203+ HOZ

}
v
COO0O OO OO0 OO0 0O00CC

[+ 290« I VUL [

.5
.4
.5
.4
.15
.25
.75
.25
.5 MAC + 1.25 HCHO + HO2 +

.89
.68
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MAC + 1.25 HCHO + HOZ +
OLT + 0.1 DCB + 0.1 HC3
MVK + 1.25 HCHO + HOZ +
OLT + 0.1 DCB + 0.1 HC3
HM1 + 0.75 HCHO + HOZ +
OLI + 0.1 HC3

HM2 + 0.75 HCHO + HOZ2 +
OLI + 0.1 HC3

OLT + 0.1 DCB + 0.1 HC3
MVEK + 1.7 HCHO + 1.4 HO2 +
QLT
BM1P + 0.4 H103

HM2P + 0.4 H203

HALD + MGLY + 0.55 03P +
HO + 0.11 ORAZ2

-> HKET + 0.89 GLY + 0.55 03p +

-> 0.

68

~> QLN
-> QLN
-> 0.3 HNO3 + 0.3 MA2P + 0.7 MACN

MVEN
HNC3
HNO3
MFUP
MEUN
DCo3
HPN1
HPN2
H103
H203
HALD
HKET
orP2

op2

HO + 0.11 ORAZ

HALP
HKEFP

HNG3

No2

Noz2

ACO3 + NO2

CO + HOZ2 + NO2

[N

L R T =Y I R S R E s |

BN N, S S

.0E~-13

.0E-13

.0E-13

.0E-13

.5E-14

.1E-16

.0E-11
.0E-11
.0E-14

.0E-14

.0E-13
.0E~13
.0E-14
.0E-14
.2E-16
.0E-16
L4E-11
.0E-13
.0E-15
L7E-12
.7E-12
.95E+16
.95E+16
L2E-12
.2E-12
.7E-14
.TE-14

? The trace gases H,0, CO,, H,, O,, and N, are only treated as products.

OO OO0 COo OO0

~13543
-13543
180
180
1300
1300
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10.3 Table 3: Reactions of RADM-C*

Photolytic reactions:
seg tanle 2.

Thermal reactions:

Ti-T124 except T40,T68,T72 as in tab. 2b in Stockwell et al. (1880)

T40 IS0 + HO
T68 IS0 + NO3

T72 IS0 + 03

T125 MAC + HO
Ti26 MVK + HO
T127 HALD + HO
T128 HKET + HO

Ti2% MAC + 03

T130 MVE + 03

T131 IsSOP

T132 MACP
Ti33 MVKP
T134 ISON
T135 180P
T136 MACP

T137 MVKP
T138 ISOP

T139 MVEK+NO3
T140 MACHNO3

NO

NO

NC

Ti41 MVKP+ISOP

Tl42 MACP + ISOP

-l

2.
8,
i.

-t

150P _
ISON -

0.67 MAC + 0.26 MVK + 0.45 03P +
0.60 HO + 0.8 HCHC + 0.06 HOZ +

0.1 co + 0.06 OLT + 0.06 ORAZ +
0.07 ORAl

0.6 MACP + 0.4 ACD3 + 0.4 HCHO i
MVKP 4
0.4 MOZ + 0.6 HO2 + 0.2 GLY 6
0.9 MO2 + 0.1 HCZ + 0.5 HCHO + 3
0.5 ORAZ

0.%1 MGLY + 0.44 03P + 0.54 HO + 4
0.8 HCHO + 0.07 ORA1l + 0.09 ORAZ2
0.85 MGLY + 0.44 03P + 0.42 HO + 4
0.8 HCHC + 0.07 ORA1l + 0.07 ORAZ +
0.08 ALD

0.88 NO2 + 0.88 HO2 + 0.38 MVK + 4
0.28 MAC + 0.62 HCHO + 0.1 GLY +
0.0% ¥MGLY + .02 ORAZ + (.12 ONIT +
0.0% HALD + 0.12 HEET + 0.11 HO

0.8 HKET + 0.2 HCHO + 0.2 MGLY + 4
HCZ + NO2

0.7 ACO3 + 0.7 HALD + 0.3 HCHO + 4
0.3 HOZ + 0.3 MGLY + NO2

2.0 NOZ + HCHO + 0.5 MVK + 4
0.5 MAC

OP2

op2

op2

0.37 MAC + 0.5 MVK + (0.3 OLT +

0.06 DCB + 0.1 OLI + 1.8 HO2 +

0.5 HCHO + 0.18 GLY + C¢.16 MGLY +
0.16 HALD + 0.22 HEKET + 0.2 HO +
0.04 ORAD

NO2 + MVKP 6
0.3 BNQC3 + 0.7 NO2 + 0.7 MACP + 1
0.3 TCO3

0.3 MAC + 0.3 MVK + 0.6 MGLY + 5
HCHO + 1.2 HO2 + 0.1 DCB +

0.4 OLT + 0.3 CLI

0.3 MAC + (0.3 MVK + 0.6 MGLY + 5

HCHO + 1.2 HOZ + 0.1 DCB »

f iy L pE L a )

0.4 OLT + 0.3 OLI

R S N |

55E~11
00E~-13
23E-14

.86E~11
.13E-12
.87E-12
.00E-12
.40E=15

.00E-15

.20E-12

.0E-14
.0E-14

.0E-14

.0BE-14

7 The trace gases H,C, CO,, H,, 0,, and N, are only treated as products.
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-2013
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452
256

~2500

-2000

180 -

180

180
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10.4 Table 4: Initial conditions for the mode! runs

10.4.7 Table 4a: Initial mixing ratios

Initial mixing ratios of the lower box in ppb, upper box in brackeats. Fixed mixing ratios
are dencted by *. Scenarios (see sec 4) : 1 (remote case), 2 (rural case), 3
(suburban case), 4 (urban case). Arbitrary low initial values are assigned to the
steady state substances (NOS3, N205, HONQC, HNO4, OH, HOZ, ali RO2) and
biogenic substances (MAC, MVK, HALD, HKET, HM1, HM2, MFUR, MPAN, IPAN,
DPAN, DOC). HNOG, ORA1, ORA2, ONIT=0.

Pressure = 1 atm, H20 mixing ratio is 0.03 in scenario 1
and C.01 in scenarios 2 - 4.

scenario: 1 2 3 4

NO2 2.0E-4(1.0E-3) 1 {0.5}) 3 (L) 50 {10}

NO 1.0E-4(5.0E-4) 0.5 (0.2} 1.5 (0.5) 20 (4)

03 40 (60) 60 (60} 90 (80) 100 (80)

502 0.01 (0)~* 0.01 (0)=* 0.01 (0}~ 0.01 (0)~

COo 100 {(100)* 150 (150} = 200 (200)* 400 (200)

CH4 1.7E+3(1.7E+3)* 1.7E+3(1.7E+3} * 1.7E+3(1.7E+3)* 2.0B+3(2.08+3)*
ETH 1 (1)* 1.5 (1.5)* 2 {2~ 5 (2)

HC3 1 {1)* 1 {1)y*® 2 (1y* 0.1 (1)

HCS 0 {(0)* 0.5 {(0.5)* 1 {0.5)+% 5 (0.5)

HC8 O (0)* o (0)* 0.1 (0.01)* 1 (0.01)

oLz 0.1 (0.1)* 0.5 (0.5} 1 (0.5)+ 2 {6.5)

OLT 0.1 (0.1) 0.1 (0.1} 0.1 (0.1) 0.1 (0.1}

OLI 0 {0) 0 (0) 0 (0} 0 {0)

Iso 0.1 (0) 0.1 (0} 0.1 (0} 0.1 (0}

TOL 0 {(0)~* 0.01 {(0.Q01)* 0.1 (0.01)* 0.1 {(0.01)

CsL, 0 (Qy= 1.68-3 (1.0E-3}% 1.0E-3 {1.0E-3)* 1.0E-3 (1.0E-3)
XYL 0 (0)* 0.01 (0.01)* 0.1 (0.01)~* 0.1 {0.0L)

HCHO 0.01 {(0.01) 0.1 {(0.1) 0.1 (0.1} 0.1 (0.1)

ALD 0.01 (0.01) 0.1 (0.1} 0.1 (0.1) 0.1 (¢.1)

KET 0.01 {0.0L) 0.1 (0.1} 0.1 (0.1} 6.1 (0.1}

GLY 0.01 (¢.01) 0.01 {0.01) 0.01 {(C.01) 0.01 (0.01)
MGLY 0.01 (0.01) 0.01 (0.01) 0.01 (0.0L) 0.01 (0.01)
PAan 0.01 (0.901}) 0.01 {0.01} 0.01 {0.01L) G.0% (0.0}
TPAN 0 (0} 0 {0} 0 {0} 0 {0)

PAA 1.0B-3 (0} 1.0E-3 (G} 1.08-3 (0} 1.0E-3 (0}

DCB 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01}
H202 1.0E-3 {1.0E-3} 1.0E-3 (1.0E-3) 1.0E-3 (1.0E-3) 1.0E-3 (1.0E-3)
OP1 0.01 (0) 0.01 (O} 0.01 (0} 0.01 (0)

OPZ 0.01 (0) 0.01 (0} 0.01 (0} 0.01 (0)
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10.4.2 Tabie 4b: Source strengths of various trace gasses

Source strengths of various trace gases in em”®s”. Fixed mixing ratios are denoted by
*. Scenarios: 1 (remote case), 2 (rural case), 3 (suburban case), 4 (urban case)

scenario: 1 2 3 w4

NO 2.0E+09 2.0E+10 see text 1.0E+12
co * s * * - 8.0E+12
ETH = * * 2.0E+10
HC3 * * * 2.0E+11
HCE * * * 2.0E+11
HCS8 * * * 1.0E+11
OL2 * * * 3.0E+11
OLT 2.0B+04 2.0E+06 2.0E+06 1.0E+12
oLI G 0 0 1.0E+12
80 see text

TOL * = * 4.0BE+10
CSL * * * 2.0E+10
XYL * * * 4.08+10

[y
g
O OCOOO0OO0OOo0 000k~ o
VI R MMM WK 3o,
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10.5 Table 5: Results of the modsl runs for the last day of simulation

15.00 LT (75 hours after model starf) (mixing ratios in ppb, OH and HO,
concenirations in 10° cm® and 10° em®). The scenarios are denoted by numbers 1
(remote), 2 (rural), 3 (suburban), 4 (urban). The mechanisms are denoted by lelters
A (RADMR), B (RADM-E), C (RADM-C), L (LLA).

erote remole subtirban urban
A E C A E C L A E G L A E C

NO, | 009 | 3E-3 | BE3 | 0685 | 042 | 012 ) 011 | 508 | 343 | 384 | 268 | 840 | 743 [ 770

ONiT | 6.01 ; 043 | 013 ) 005 | 083 | 095 - 042 | 236 | 2.35 - 356 | 5.08 1500

PAN | 4E-3 } BE-4 | BE-4 | 012 | 005 | 005} 013 | 208 | 1.80 | 1.2 | 200 | 149 | 142 | 148

HNG, | 002 | 8E-3 | 9E-3 | 025 §{ 010 | Q.1 ; 007 | 154 | 148 | 162 ; 145 | 10.2 | 653 ;977

o, 37 35 38 65 &0 81 B8 | 100 1 09 ¢ 111 | 113 F 210 § 291 | 213

HO 025 |1 029 ) 028 | 073 | 0451 046! 026 ) 525 | 495 | 539 | 403 | 505 | 482 1502

HO, | 187 | 82 | 155 | 344 | 363 ) 371 371 | 435 | 689 | 700 | 882 115 | 130 | 131

HO, | 031 ] 018 ] 026 | 050 j 088 ) 074 | 078 | 028 | 084 | 091 | 140 | 545 | 635 644

OP1 | 007 | 005 | 005 | 009 | 008 ) 009 | 043 | 005|010 ) 0143 ] 012 ] 118 | 1.33 | 1.38

6P2 035 | 281 | 252 | 049 |1 210 | 192 | 046 { 041 | 055 { 048 | 003 | 175 | 2582 | 248

HCHO | 166 | 164 | 159 | 452 | 366 | 372 | 379 | 107 | 971 | 880 | 11.7 | 258 | 257 ;263

ALD ] 239 ) 039 | 035 | 602 | 042 | 035 | 024 | 826 | 085 | 066 | 051 | 21.8 | 149 | 147

GLY | 467 | 015 | 043 | 183 | 031 030 ] 001 | 003 | 131 | 136 | 004 | 024 | 124 | 127

MGLY { 2B-6 | 012 | 010 | 7E4 | 025 | 025 | 4E-4 { 003 | 077 | 078 | 004 | 045 | 1.00 {1.0d

1SO | 136 | 137 | 137 | 855 | 108 | 106 | 124 | 220 | 238 | 240 | 279 | 215 | 224 | 247
MAC | - [ 181206 - |27 |27s| 278 70| 182 {288 - | 224 1223
MVK 125 | 147 264 | 280 | 281 | - | 282 | 278 | 355 291 {280
HALD | - | o028 |oc2e!| - |o082]091| 028 195 | 198 | 120 - | 166 {177
HKET | - | o048 | 048] - | 138! 130 331 {307 - - 1301|288
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=Y

16.8 Tabile &: Performance of RADN-C

Mean normalized bias b and standard deviations ¢ and extrema of the deviations
(mm;mum of ¢ /e, = min, maximum = max). The scenanos are denoied by numbers 1
(remote), 2 (rural), 3 (suburban), 4 (Lrban) :

-Scenario 1: : - Scenario 2;
“min  max o b ‘min  max o© b
NO, 086 137 020 023 093 100 - 004 003
03' 1.00 0 1.01 009 -0007 . 101 110 003 . -002
HO, 121 141 084 03§ 1068 115 010  -0.08
HO 096 121 010 " -0.03 099 153 0 044 - -0.21
HO, 091 196 078 =047 - 100 148 010 -0.08
HCHO 084 - 1.00 003 001 100 124 010 = -004
PAN = 097 335 083 . -061 094 215 054 035
~ Scenario : . . . scenario4:
- min max o b . .min .ma_x G b:
NO, = 095 106 0034 0008 . 089 - 1.04 - 0005 -0.002
O, 085 103 0020 -0009 . 086 107 . 0010 -0007
HO, 102 147 © 004 004 100 101  00i0 001
HO 080 148 020 009 100 104 . 0034 002
HO, 088 117 0.0 _"-0.03 R -_1.60 _:"i 01 . 0015 -0.007
HCHO 082 110 005 002 =~ 088 102  0OI0 -0.005

PAN - 092 - 158 020 -015 097 104 0020 -001
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10.7 Table 7: Yields for several products in RADM-E

Yields for several products in RADM-E from the isoprene degradation on a molecule-
by-molecule basis " :

HCHG 2.07
CO 2.80%
ONIT 0.12
ORA2 0.116
co2 1.31
PAN 0.65
MPAN 0.14
PAN analogues 0.08

il

Cnly the reactions with HO and NO are taken into account. Degradation by
ozone and permutation reactions of the peroxy radicals are not considered.
2 Subsedquent contributions from HCHO are included.
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i1 Figure captions

Fig. 1: Diurnal cycle of the isoprene-flux. Time is local time.

Fig. 2: Diurnal cycles of mixing ratios of some speciss in the scenario 2 (rural
gase). Fullline is RADM2, broken iine is RADM-E, and dotted line is
RADM-C.

Fig. 3: Diurnal cycles of mixing ratios of some species in the scenario 3
(suburban case). Full line is BADM2, broken line is RADM-E, and dotted
fine is RADM-C.

Fig. 4: Diurnal cycles of mixing ratios of some species in scenario 2 { rural case).
Full line is RADM-E, dotted line is LLA.
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