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Gas
OH

Aerosol




9. Objective : Develop a parameterization of IEPOX-SOA

of Colorado

== without an additional heavy computational cost

Chemical Reactions

Parameterization Box model
development /i (KinSim)




9. Objective : Develop a parameterization of IEPOX-SOA

of Colorado

== without an additional heavy computational cost

Chemical Reactions

Box model
(KinSim)

Comparison

Parameterization




9. Objective : Develop a parameterization of IEPOX-SOA

“%" without an additional heavy computational cost

Boulder
Chemical Reactions

Chemical transport
model (full reactions)

Comparison

Chemical transport
model
sarameterization



9. Objective : Develop a parameterization of IEPOX-SOA

of Colorado

== without an additional heavy computational cost

Chemical Reactions

Parameterization Box model
development (KinSim)

Comparison

Parameterization




¥ Reactions

of Colorado

Boulder . .
Reactions Reaction rate

ISOP Geoscientific Model Development

ISOP An interactive open-access journal of the European Geosciences Union

ISOP EGU.eu | EGU Publications | EGU Highlight Articles | Contact | Imprint | Data protection |

ISOPC https://doi.org/10.5194/gmd-2019-9 Discussion papers 3OO/T)
ISOPC (200 Cormone mvtion 46 e 50/T)
ISOPC Abstract || Discussion || Metrics

ISOP( pevelopment and technical paper 05 Feb 2019

Review status

|SOPC A simplified parameterization of isoprene-epoxydiol-derived o ) _ ]
secondary organic aerosol (IEPOX-SOA) for global chemistry and This discussion paper is a preprint. It

ISO Pc climate models is a manuscript under review for the 7694/T)

journal Geoscientific Model
ISO Pc Duseong S. Jo'212, Alma Hodzic®>*, Louisa K. Emmons'®’3, Eloise A. Marais'®/>, Development (GMD). >00/T)
Zhe Peng'®'2, Benjamin A. Nault'w2, wWeijwei Hu'-2, Pedro Campuzano-Jost'&1:2, '

ISOPC and Jose L. Jimenez2/1:2 90/T)

1Cooperative Institute for Research in Environmental Sciences (CIRES), University of Colorado, Boulder, CO,

USA
ISO Pc 2Depar‘tment of Chemistry, University of Colorado, Boulder, CO, USA 5
Zatmospheric Chemistry Observations and Modeling Lab., National Center for Atmospheric Research, Boulder, CO, USA ‘
ISOPh “Laboratoire d’Aérologie, Université de Toulouse, CNRS, UPS, Toulouse, France »80/ I )

SDepartment of Physics and Astronomy, University of Leicester, Leicester, UK

ISOPM 80/T)

Received: 12 Jan 2019 — Accepted for review: 04 Feb 2019 — Discussion started: 05 Feb 20190

Abstract. Secondary organic aerosol derived from isoprene epoxydiols (IEPOX-SOA) is thought to contribute the dominant fraction of total

ISOPh isoprene SOA, but the current volatility-based lumped SOA parameterizations are not appropriate to represent the reactive uptake of IEPOX
onto acidified aerosols. A full explicit modelling of this chemistry is however computationally expensive owing to the many species and

IEPOX reactions tracked, which makes it difficult to include it in chemistry climate models for long-term studies. Here we present three simplified 1-00/T)
parameterizations for [EPOX-S0OA simulation, based on an approximate analytical/fitting solution of the IEPOX-SOA vyield and formation

IEPOX timescale. The yield and timescale can then be directly calculated using the global model fields of oxidants, NO, aerosol pH and other key i
properties, and dry deposition rates. The advantage of the proposed parameterizations is that they do not require the simulation of the

ISO Pc intermediates while retaining the key physico-chemical dependencies. We have implemented the new parameterizations into the GEOS-Chem depth]
v11-02-rc chemical transport model, which has two empirical treatments for isoprene SOA (the volatility basis set (VBS) approach and a fixed

IEPOX 3% yleld parameterlzatlon) and compared aII of them to the case with detailed full chemlstn.r The best parameterlzatlon (PARB) captures the depth]

L FIE TSN L1 -l - i 1 L P T

cexlsrrionlsceNouswn s

N
o




¥ Reactions

of Colorado

Boulder

# Reactions Reaction rate

1 ISOP + OH -> 1.0 ISOPO; 3.1E-11 exp(350/T)
2 ISOP + Oz -> other products 1.00E-14 exp(-1970/T)
3 ISOP + NO3 -> other products 3.3E-12 exp(-450/T)
4 ISOPO; + HO, -> 0.937 ISOPOOH 2.12E-13 exp(1300/T)
5 ISOPO,; + NO -> 0.023 ISOPND + 0.047ISOPNB 2.7E-12 exp(350/T)
6 ISOPO; + CH30; -> other products 2.00E-12

8 ISOPO; + CH3COs -> other products 1.40E-11

9 ISOPO; -> other products 4.07E+08 exp(-7694
11 ISOPOOH + OH -> 0.850 IEPOX 1.9E-11 exn(390/T

f k, x [OH]
Isoprene—ISOPO, kl % [OH] + k2 X [03] + k3 X [NO3]

19 IOVININD T W3 =~ ULIICI PIUUULL JLET 10

17 IEPOX + OH -> other products 4.42e-11 exp(-400/T)
18 IEPOX -> IEPOX-SOA Calculated
19  ISOPOOH dry deposition 2.5 cm s' / [PBL depth]

20  IEPOX dry deposition 2.5 cm s™' / [PBL depth]
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IEPOX-SOA Isoprene

IEPOX-SOA
#  Species Values
0.6+ , _
1  NO[ppt] 1,5, 10, 50, 100, 500, 1000, 5000, 10*, 5x10%, 105, 5x10, 106 y , 1.01x + 0.00
R =1.00
2 OH [molecules cm3] 104, 5x104, 105, 5x108, 108, 2x106, 3x108, 4x108, 5x106 0.5
[17]
3  HO,[ppt] 1,2,5, 10, 20, 50, 100 S
St nad
4  pHI
5 Aerc A .
. n GEOS-Chem model (Full chemistry)

6 Ol 5 n " GEOS-Chem model (Parameterization)

= nA Il t
7 NO3 E 1 |'| Ial ‘ A P ,l

= » 1h I n .
8 CH; g n : :I ': A A i, n \

S 1Al alWa e B AR A

I 11 L1 '| (AN

9 CH, S HH B Iy Y AR AY

o iwe\ir ¢\ Y B ’ . At
10  Aerc - n 1
11 Org: . _ . . '

11 Jun 19 jJun 28 Jun 7 Jul 16 Jul

12 Tempe. v 1y 288, 293, 298, 3U3, 3UB, 313, 318
13 Planetary boundary layer height [m] 100, 200, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000
14 Photolysis rate of ISOPOOH [s1] 107, 5x107, 106, 5x106, 105, 2x105

=f(OH,0,,NO,,HO,,NO,CH,0,,CH,CO,,pH,Aerosol surface area,organic coating)

04 05 0.6

rield
1 boxX model
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Aerosol scheme

Species

Thermodynamics

Mixing state

Condensation and
coagulation
Aging of
BC and POA

Time required for
1 year simulation

Bulk aerosol scheme

BC, POA, SOA, Sulfate, Nitrate,
Ammonium, Sea salt, Dust

ISORROPIA II
External
No
Fixed e-folding time scale (1.15 days)

~ 5 days

Modal aerosol scheme
(MAM4: 4 modes)

BC, POA, SOA, Sulfate, Sea salt,
Dust, Number
+ Nitrate, Ammonium (MOSAIC)

MOSAIC

External(between modes) +
Internal (within modes)

Yes
Directly calculated

~12 hours

15



¥, Aerosol pH fields from CESM2.1 (MOSAIC)

Accumulation mode
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Evaluating SOA under Future Climate

Historical CMIP6-SSP5-8.5 Scenario

simulation : _
(BCHIST) Interactive atmosphere, land, ocean, and ice

Meteorological fields Meteorologica_ll _fields
(present conditions) (Future conditions)

‘ Calculates secondary organic aerosol chemistry in
present and future conditions

Shared socioeconomic pathways 6
Temperature change
SSP1 SSP2 SSP3 SSP4 SSP5S Previous
Sustainability Middle of Regional Inequality Fossil-fueled scenarios 5
the road rivalry development
2 +
= E O
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2| 8 g0 P
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Ol 2 45 21
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S 34 ] 1
- ]
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Ens: initial condition ensemble
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OS: overshoot O’Neill et al. (2016)
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IEPOX-SOA is thought to contribute IEPOX-SOA formation depends on oxidants,
aerosol pH and otfger properties
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New IEPOX-SOA
parameterizations
retaining key
physico-chemical
dependencies
were developed,
and they captured
the response to
changes on
emissions
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But current SOA parameterizations (e.g.
VBS) used in chemistry models consider
onIy simple chemistry such as VOC + OH

Aerosol

C*-100 C*- 1000

With a new MAM-MOSAIC framework and updated isoprene
and monoterpene chemistry, CESM2.1 can be a best tool
for investigating future SOA changes
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¥ Isoprene emission change

of Colorado

Boulder . Isoprene emission change Isoprene emission change
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Future changes of chemical

8athways affecting IEPOX-SOA
(205

/2010)

Isoprene + OH
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Biogenic emission estimate algorithm

- Based on MEGANvV2.1 (Guenther et al., 2012)
y=Cce" LAl To* V1" Ta"Tsm™Tc

(1) Cce: canopy environment coefficient. A value that results in y = 1 for the standard

conditions and is dependent on the canopy environment model being used. 0.3 is used
for CESM2 land model
(2) LAI: Leaf Area Index

(3) Y, gamma for emission response to light (applied separately for the sunlit and shaded
y!,e:a\ﬁELDF) +LDF - v, | pr LDF: light dependent fraction (1 for isoprene)

a'PPFD
=C - ' : -2
Yo LDF b /T2 PPFD? SP_F;)FD : photosynthetic photon flux density (umol m

o = 0.004 — 0.0005 In(P,,,) P, : standard conditions for PPFD averaged

_ _ _ _ 0 over the past 24h (200 umol m2 s for sun
Cp =0.0468 exp(0.0005 - [Ps —Ps]) - [Posol leaves and 50 pymol m2 s-' for shaded leaves)

P.4 (Po40): average PPFD of the past 24h (240h)
(4) yr: gamma for emission response to temperature
vy = (1-LDF) = yp g + LDF = yp (pp  Eope = C€0° exp(0.05 +(Tyy — Tg) - exp(0.05 *(Tpyg— Ty)
C.,* exp(CT,* x) Tope =313+ (0.6 (Tyy —Ts))

—_ T2
’YT_LDF - E0pt CT2_CT1 ' (1—exp(CT2'x)) YT_LIF = exp(B : (T o TS))
1 1 LIF: light independent fraction
x = (=——=)/0.00831 T, : standard conditions for leaf temperature (297 K)
Tope T Cp1, Cra Coor B: Empiricially determined coefficients

- Cqy = 95, Cp, = 230, C,, = 2, p=0.13 for isoprene



W

University
of Colorado
Boulder

Biogenic emission estimate algorithm

- Based on MEGANvV2.1 (Guenther et al., 2012)
y=Cce" LAl To* V1" Ta"Tsm™Tc
(5) ya: gamma for emission response to leaf age
Ya = Frew " Ane +Fgro'Agro+F *Apat T Feen " A

Anew Agror Amatr Asen: Empirical coefficients that describe the relative mission rates for
new, growing, mature, and senescing leaves (=0.05, 0.6, 1.0, 0.9 for

mat Sen

isoprene)
Frew Fgror Fmatr Fsen’ leaf age fractions calculated by MEGAN

(6) Yo gamma for emission response to soil moisture (only for isoprene)
O: soil moisture (volumetric water content, m3 m-3)

You = 1 0>0, 0, wilting point (the soil moisture level below which
You = (0 —0,) / AD, 0, <0<6, plants cannot extract water from soil, m3 m3)

-0 W 6 <0 AB,: empirical parameter (0.04)
YSM e_] e + A91

Currently assumed to be 1 in CESM model

(6) Yo: gamma for emission response to CO, inhibition (only for isoprene)

I (C)" Calculated for long-term (based on ambient CO,) and short-term
ve =1 __ _Smax “7i (based on intercellular CO,) exposures
C Smax (C)"+(c)" C: 0.7 x ambient CO, for long-term exposure
intracellular CO, for short-term exposure
C*, h, lsa Empirically determined parameters (Heald et al., 2009)
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(a) FULL

(b) PAR1

(c) PAR2

(d) PAR3
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Y

IEPOX-SOA,,. =Y

=f(OH,0,,NO,,HO,,NO,CH,0,,CH,CO,,pH,Aerosol surface area,organic coating)

IEPOX-SOA

E

Isoprene

IEPOX-SOA
#  Species Values
1 NO|[ppt] 1,5, 10, 50, 100, 500, 1000, 5000, 10¢, 5x10%, 105, 5x105, 10° 0.6
y =1.0012x - 7.9137e-06
2 OH [molecules cm?] 10%, 5x10¢, 105, 5x108, 105, 2x106, 3x105, 4x106, 5x10° g o5 R = 0.99997
L=} B B
=
3 HO, [ppt] 1,2,5, 10, 20, 50, 100 ]
4 pH [unitleeel L LLaa 2 -
5 Aeros
q

6 O, . n GEOS-Chem model (Full chemistry)

c n n GEOS-Chem model (Parameterization)
7 NOg[ R n 4

rer} na 11 )

® I i i . -
8 CH,C - , 111y alun n .

S n H 1 . ': h i n, I {

[ )

9 CH;C 4 't:l ni & I::‘l n f:“'\"l‘\'

G fA ol THEELEY AR A
10  Aeros J T l‘\: v \ Ing) “I' l"l " & r

: I NI
11  Orga :
. . . . . | |
12 Temp 11 Jun 19 jJun 28 Jun 7 Jul 16 Jul ‘ 0.5 0.6
IEPOX-S0Avyield by KinSim

13  Planetary boundary layer height [m] 100, 200, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000 y y
14  Photolysis rate of ISOPOOH [s] 107, 5x107, 106, 5x10°6, 105, 2x10° 1 O



%égdgbal models tend to simplify secondary organic

‘derosol formation mechanism in order to reduce
computational cost

® For example,

The default SOA scheme in the next GEOS-Chem (v11-02) is simplified SOA
scheme.

- For isoprene SOA, constant 3% yield is applied. (1.5% mass yield SOAP,
1.5% mass yield SOAS)

v' SOAP : gas-phase

precursor of SOA
v' SOAS : SOA in

particle phase

1 day
timescale

emission
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IEPOX-SOA is thought to contribute IEPOX-SOA formation depends on oxidants, But current SOA parameterizations (e.g.
the dominant fraction of tot_al aerosol pH and otfger properties VBS) used in chemistry models consider
Isoprene SOA e 002% e - only simple chemistry such as VOC + OH
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