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IEPOX-SOA : main source of isoprene-derived aerosol

2

de Sa et al. (2017)



IEPOX-SOA fractions of OA : up to 36%

3Hu et al. (2015)



Schematic diagram of IEPOX-SOA chemistry
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For SOAS condition
Blue : IEPOX-SOA making pathway
Red : other pathways
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Schematic diagram of IEPOX-SOA chemistry
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Chemistry models usually calculate isoprene-derived SOA using a simplified 
partitioning approach such as the Volatility basis set (VBS) approach
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Reactions
# Reactions Reaction rate

1 ISOP + OH -> 1.0 ISOPO2 3.1E-11 exp(350/T)

2 ISOP + O3 -> other products 1.00E-14 exp(-1970/T)

3 ISOP + NO3 -> other products 3.3E-12 exp(-450/T)

4 ISOPO2 + HO2 -> 0.937 ISOPOOH 2.12E-13 exp(1300/T)

5 ISOPO2 + NO -> 0.023 ISOPND + 0.047ISOPNB 2.7E-12 exp(350/T)

6 ISOPO2 + CH3O2 -> other products 2.00E-12

7 ISOPO2 + ISOPO2 -> other products 2.30E-12

8 ISOPO2 + CH3CO3 -> other products 1.40E-11

9 ISOPO2 -> other products 4.07E+08 exp(-7694/T)

10 ISOPOOH + OH -> 0.387 ISOPO2 4.75E-12 exp(200/T)

11 ISOPOOH + OH -> 0.850 IEPOX 1.9E-11 exp(390/T)

12 ISOPOOH + hv -> other products 1E-7 ~ 2E-5

13 ISOPND + OH -> 0.1 IEPOX 1.92E-11 exp(380/T)

14 ISOPNB + OH -> 0.1 IEPOX 6.09E-11 exp(380/T)

15 ISOPND + O3 -> other products 5.3E-17

16 ISOPNB + O3 -> other products 5E-18

17 IEPOX + OH -> other products 4.42e-11 exp(-400/T)

18 IEPOX -> IEPOX-SOA Calculated

19 ISOPOOH dry deposition 2.5 cm s-1 / [PBL depth]

20 IEPOX dry deposition 2.5 cm s-1 / [PBL depth]
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IEPOX-SOA 3 3 2 3 2 3 3
Y  = f(OH,O ,NO ,HO ,NO,CH O ,CH CO ,pH,Aerosol surface area,organic coating)

9

PAR IEPOX-SOA Isoprene
IEPOX-SOA  = Y   E

# Species Values

1 NO [ppt] 1, 5, 10, 50, 100, 500, 1000, 5000, 104, 5x104, 105, 5x105, 106

2 OH [molecules cm-3] 104, 5x104, 105, 5x105, 106, 2x106, 3x106, 4x106, 5x106

3 HO2 [ppt] 1, 2, 5, 10, 20, 50, 100

4 pH [unitless] -1,0,1,2,3,4

5 Aerosol surface area [um2 cm-3] 10, 50, 100, 500, 1000, 5000, 104

6 O3 [ppb] 10, 20, 30, 40, 50, 60, 70, 80, 90, 100

7 NO3 [ppt] 1, 2, 5, 10, 20, 30

8 CH3O2 [ppt] 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100

9 CH3CO3 [ppt] 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

10 Aerosol radius [nm] 50, 100, 150, 200, 250, 300, 500, 1000

11 Organic coating fraction [unitless] 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0

12 Temperature [K] 288, 293, 298, 303, 308, 313, 318

13 Planetary boundary layer height [m] 100, 200, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000

14 Photolysis rate of ISOPOOH [s-1] 10-7, 5x10-7, 10-6, 5x10-6, 10-5, 2x10-5



Schematic diagram of IEPOX-SOA chemistry
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τ = f(LISOP , LISOPOOH, LIEPOX, LISOPN, NO, HO2)
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Annual mean IEPOX-SOA surface maps and scatterplots for troposphere
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- FULL: Explicitly simulated 

by the full of reactions

- PAR1,2,3: developed by 

this study

- VBS: simulated by VBS 

approach (like CESM2 but 

with old yields)

- FIXED: using a fixed yield 

from isoprene emissions
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Vertical profiles

- FULL: Explicitly simulated 

by the full of reactions

- PAR1,2,3: developed by 

this study

- VBS: simulated by VBS 

approach (like CESM2 but 

with old yields)

- FIXED: using a fixed yield 

from isoprene emissions

Burdens

Box model results
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Sensitivity to emission changes and computational time

- FULL: Explicitly simulated by the 

full of reactions

- PAR1,2,3: developed by this study

- VBS: simulated by VBS approach 

(like CESM2 but with old yields)

- FIXED: using a fixed yield from 

isoprene emissions

Unit: [s] Chemistry Transport Dry deposition Wet deposition Total

FULL 559 172 30 380 1141

VBS 7 120 20 253 400

PAR1 47 34 7 84 172

PAR2 13 34 7 84 138

PAR3 48 52 7 127 234

FIXED 1 34 3 42 80



Moving from GEOS-Chem to CAM-chem for future 
simulations of SOA

GEOS-Chem CAM-chem

Aerosol scheme Bulk aerosol scheme
Modal aerosol scheme 

(MAM4: 4 modes)

Species
BC, POA, SOA, Sulfate, Nitrate, 

Ammonium, Sea salt, Dust

BC, POA, SOA, Sulfate, Sea salt, 

Dust, Number 

+ Nitrate, Ammonium (MOSAIC)

Thermodynamics ISORROPIA Ⅱ MOSAIC

Mixing state External
External(between modes) + 

Internal (within modes)

Condensation and 

coagulation
No Yes

Aging of 

BC and POA
Fixed e-folding time scale (1.15 days) Directly calculated

Time required for 

1 year simulation
~ 5 days ~12 hours
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Aerosol pH fields from CESM2.1 (MOSAIC)
Accumulation modeAitken mode

Coarse mode

Liu et al. (2016)+ Ca2+, Cl-, NH4
+, NO3

-, 

CO3
2- (MOSAIC) 16



Historical 

simulation

(BCHIST)

2010 2050

Interactive atmosphere, land, ocean, and ice

Meteorological fields 

(present conditions)

CMIP6-SSP5-8.5 Scenario

Meteorological fields 

(Future conditions)

Calculates secondary organic aerosol chemistry in 
present and future conditions

O’Neill et al. (2016)

Evaluating SOA under Future Climate
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Summary
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IEPOX-SOA is thought to contribute 

the dominant fraction of total 

isoprene SOA  

IEPOX-SOA formation depends on oxidants, 
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the response to 

changes on 
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and monoterpene chemistry, CESM2.1 can be a best tool 

for investigating future SOA changes
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Thank you!
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Isoprene emission change 

(absolute)

x10-10 kg m-2 s-1x10-10 kg m-2 s-1

Isoprene emission (Present)

Temperature Change

K

Isoprene emission change 

(ratio)

CO2 Change

ppmv

 Factors affecting isoprene emissions
 light, temperature, leaf age, leaf area index, and CO2

Downwelling solar flux change 

W m-2

Isoprene emission change



γ (All) γA (Leaf age) γC (CO2)

γ = CCE ⸱ LAI ⸱ γp ⸱ γT ⸱ γA ⸱ γSM ⸱ γC

CCE ⸱ LAI γP (Light) γT (Temperature)

Gamma values change (2050/2010) for biogenic emissions



Isoprene change ISOPOOH change

ppbv ppbv ppbv

OH change HO2 change NO change

Unitless Unitless

Future changes of IEPOX-SOA precursors and oxidants

IEPOX change

Unitless



Isoprene + OH 

(k(T)x[OH])

ISOPOOH + OH 

(k(T)x[OH])

(a) ISOPO2 + NO

(k(T)x[NO])

(b) ISOPO2 + HO2

(k(T)x[HO2]) b / (a + b)

IEPOX change

ppbv

Future changes of chemical pathways affecting IEPOX-SOA 
(2050/2010)



Biogenic emission estimate algorithm

γ = CCE ⸱ LAI ⸱ γp ⸱ γT ⸱ γA ⸱ γSM ⸱ γC

- Based on MEGANv2.1 (Guenther et al., 2012)

(1) CCE: canopy environment coefficient. A value that results in γ = 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) γp: gamma for emission response to light (applied separately for the sunlit and shaded 

leaves)
γp = (1-LDF) + LDF ⸱ γp_LDF LDF: light dependent fraction (1 for isoprene)

γp_LDF = Cp

α⸱PPFD

1+α2⸱PPFD2

α = 0.004 – 0.0005 ln(P240)

Cp = 0.0468 ⸱ exp(0.0005 ⸱ [P24 – Ps]) ⸱ [P240]
0.6

PPFD : photosynthetic photon flux density  (μmol m-2

s-1)
Ps : standard conditions for PPFD averaged 
over the past 24h (200 μmol m-2 s-1 for sun 
leaves and 50 μmol m-2 s-1 for shaded leaves)
P24 (P240): average PPFD of the past 24h (240h)

(4) γT: gamma for emission response to temperature

γT = (1-LDF) ⸱ γT_LIF + LDF ⸱ γT_LDF

γT_LDF = Eopt

C
T2
⸱ exp(CT

1
⸱ x)

C
T2

−
CT

1
⸱ (1−exp C

T2
⸱x )

𝑥 = (
1

𝑇𝑜𝑝𝑡
−
1

𝑇
)/0.00831

LIF: light independent fraction
Ts : standard conditions for leaf temperature (297 K)
CT1, CT2, Ceo, β: Empiricially determined coefficients
- CT1 = 95, CT2 = 230, Ceo = 2, β=0.13 for isoprene

𝑇𝑜𝑝𝑡 = 313 + (0.6 ⸱ 𝑇240 − 𝑇𝑠 )
𝐸𝑜𝑝𝑡 = 𝐶𝑒𝑜⸱ exp(0.05 ⸱(T24 − Ts) ⸱ exp(0.05 ⸱(T240 − Ts)

γT_LIF = exp(β ⸱ (T − Ts))



Biogenic emission estimate algorithm

γ = CCE ⸱ LAI ⸱ γp ⸱ γT ⸱ γA ⸱ γSM ⸱ γC

- Based on MEGANv2.1 (Guenther et al., 2012)

(5) γA: gamma for emission response to leaf age

γA = Fnew ⸱Anew + Fgro ⸱Agro + Fmat ⸱Amat + Fsen ⸱Asen

Anew, Agro, Amat, 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 

isoprene)
Fnew, Fgro, Fmat, Fsen: leaf age fractions calculated by MEGAN

γSM = 1                              θ > θ1

γSM = (θ – θw) / ∆θ1                θw < θ < θ1

γSM = 0                              θ < θw

(6) γSM: gamma for emission response to soil moisture (only for isoprene)

θ: soil moisture (volumetric water content, m3 m-3)
θw: wilting point (the soil moisture level below which 
plants cannot extract water from soil, m3 m-3)
∆θ1: empirical parameter (0.04)
θ1: θw + ∆θ1

Currently assumed to be 1 in CESM model

γC = ISmax −
𝐼
𝑆𝑚𝑎𝑥

⸱ 𝐶
𝑖
ℎ

𝐶∗ ℎ+ 𝐶
𝑖
ℎ

(6) γC: gamma for emission response to CO2 inhibition (only for isoprene)

Calculated for long-term (based on ambient CO2) and short-term 
(based on intercellular CO2) exposures
Ci: 0.7 x ambient CO2 for long-term exposure

intracellular CO2 for short-term exposure
C*, h, ISmax: Empirically determined parameters (Heald et al., 2009)
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Budget analysis



Surface 2-D map of pHs in GEOS-Chem

(a) Base case pH (b) pH w/o sea salt (b) – (a)

(d) IEPOX-SOA(c) IEPOX-SOA (d) / (c)

μg m-3 μg m-3 13
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Global models tend to simplify secondary organic 
aerosol formation mechanism in order to reduce 
computational cost

6

 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)

ISOP
emission

SOAP

SOAS

1.5%

1.5%

1 day 
timescale

 SOAP : gas-phase 
precursor of SOA

 SOAS : SOA in 
particle phase
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