
Is the compound a sesquiterpene 
(nC=15, nH=24, nC=C>=1)?

Compound with metadata (SMILES, kOH, C*)

Is the compound explicit in 
CRACMM? (identified w/ canonical 

SMILES or info from SMILES)

yes

Is the compound [(C10H16) or 
(C10H18O1)] and nC=C =1?

Lumped Species
α-pinene and other terpenes with one double bond (nC=C) (API)

Is the compound [(C10H16) or 
(C10H18O1)] and nC=C >=2?

Lumped Species
δ-limonene and other diene-terpenes (LIM)

Lumped Species
Sesquiterpenes (SESQ)

no

no

no

no

Explicit Species
Acetaldehyde (ACD)
Acetylene (ACE)
Acetone (ACT)
Benzene (BEN)
Methane (ECH4)
Ethanol (EOH)
Ethene (ETE)
Ethylene glycol (ETEG)
Ethane (ETH)
Formaldehyde (HCHO)

Isoprene (ISO)
Methanol (MOH)
Formic acid (ORA1)
Methyl hydrogen peroxide (OP1)
Methyl ethyl ketone (MEK)
Methyl vinyl ketone (MVK)
Acrolein (ACRO)
1,3 butadiene (BDE13)
Toluene (TOL)
Styrene (STY)
Ethylbenzene (EBZ)

yes

yes

yes

Te
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Is the compound slow reacting 
(kOH<3.5×10-13 cm3 molec-1 s-1)?

Lumped Species
Slow reacting species with lifetime > ~1 month (SLOWROC)

yes

no

Is the species a ROC species?

yes

no

Species is unknown (UNKSMILES) or not ROC (UNKCRACMM)

Is the compound 2 carbons with 
more than one aldehyde?

Lumped Species
Glyoxal and similar species like glycoaldehyde (GLY)

yes

no

Is the compound 3 carbons with 2 
alcohol groups?

Semiexplicit species
Propylene glycol and other 3 carbon dialcohols (PROG)

yes

no
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Is the compound a furan?

yes
Lumped Species
Furans and other dienes (FURAN)

no

Continue to Schematic A

Major updates to the cracmm mapper for CRACMM2 highlighted in yellow
See Skipper et al. 2024 (https://doi.org/10.5194/acp-24-12903-2024) for more information on CRACMM2.

https://doi.org/10.5194/acp-24-12903-2024
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Does the compound have 1 
aromatic benzene ring?

Lumped Species
Naphthalene and other lower volatility aromatics (NAPH)

Does the species have at least one 
aromatic ring (nbenzene>=1), lower 

volatility (log10C*<3.5), and O:C=0?

Go to schematic C for species without aromatic rings 

no

no

no

yes

SV
O

C
 o

f 
va

ri
o

u
s 

O
:C

 a
n

d
 lo

w
e

r 
vo

la
ti

lit
y 

ar
o

m
at

ic
 s

p
ec

ie
s

Go to schematic B for species with an aromatic ring yes

no

Does the compound have 
log10C*<(-0.5)?

Lumped Species: SVOCs of C* 0.1 µg/m3 
If O:C > 0.45: Species with O:C ~0.6 (A/VROCN2OXY6)
Else if O:C > 0.2: Species with O:C ~0.3 (A/VROCN2OXY3)
Else if O:C > 0.05: Species with O:C ~0.1 (A/VROCN2OXY1)
Else: Alkane-like species (ROCN1ALK)

Does the compound have 
log10C*<1.5?

Lumped Species: SVOCs of C* 10 µg/m3 
If O:C > 0.2: Species with O:C ~0.3 (A/VROCP1OXY3)
Else if O:C > 0.05: Species with O:C ~0.1 (A/VROCP1OXY1)
Else: Alkane-like species (A/VROCP1ALK)

Lumped Species: SVOCs of C* 1 µg/m3 
If O:C > 0.3: Species with O:C ~0.4 (A/VROCP0OXY4)
Else if O:C > 0.1: Species with O:C ~0.2 (A/VROCP0OXY2)
Else: Alkane-like species (A/VROCP0ALK)

Does the compound have 
log10C*<0.5?

no

no

yes

yes

yes

Does the compound have 
log10C*<2.5?

Lumped Species: SVOCs of C* 100 µg/m3 
If O:C > 0.1: Species with O:C ~0.2 (A/VROCP2OXY2)
Else: Alkane-like species (A/VROCP2ALK)

yes

CRACMMv2.0 Emissions Mapping, Updated 3/17/2025

Does the compound have 
log10C*<(-1.5)?

Lumped Species: SVOCs of C* 0.01 µg/m3 
If O:C > 0.6: Species with O:C ~ 0.8 (A/VROCN2OXY8)
Else if O:C > 0.3: Species with O:C ~ 0.4 (A/VROCN2OXY4)
Else If O:C > 0.1: Species with O:C ~ 0.2 (A/VROCN2OXY2)
Else: Alkane-like species (A/VROCN2ALK)

no

yes

Schematic A



Is the compound an aromatic 
aldehyde (naldehyde>1)?

Lumped Species
Benzaldehyde and aromatic aldehydes (BALD)

Is the compound a nC>=7 and 
nalcohol>=2?

Lumped Species
Methylcatechol (MCT)

Is the compound nC=6 and 
nalcohol>=1?

Lumped Species
Phenols (PHEN)

Lumped Species
Cresols (CSL)

Is the compound a nC>=7 and 
nalcohol>=1?

Is the compound another single-
ring aromatic?

Lumped Species
Xylenes and other reactive aromatics (XYL)

no

no

no

no

no

yes

yes

yes

yes

yes
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One aromatic ring (nbenzene>=1)

Does the compound have 
log10C*<6.5?

Lumped Species
Aromatic-like IVOCs of highest volatility (VROCP6ARO)

Lumped Species
Aromatic-like IVOCs of intermediate volatility (VROCP5ARO)

Does the compound have 
log10C*<5.5?

no

yes

yes
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Schematic B



No aromatic rings (nbenzene=0)

Does the compound have multiple 
double bonds (nC=C >=2) ?

Lumped Species
Larger dienes and furans (FURAN)

Is the compound an internal olefin 
(id via bond location)?

Lumped Species
Internal alkene (OLI)

Is the compound a terminal olefin 
(id via bond location)?

Lumped Species
Terminal alkene (OLT)

Does the compound have 
ncarbonyl>=2 and nC=C =1?

Lumped Species
Unsaturated dicarbonyls (DCB1) 

Is the compound nC=4, naldehyde=1, 
nC=C =1?

Lumped Species
Methacrolein and crotonaldehyde (MACR)

Is the compound nC=C =1, 
naldehyde>=1?

Lumped Species
Unsaturated aldehydes (UALD)
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yes

yes

yes

yes

yes

yes

no

no

no

no

no

Does the compound have nC=C >=1 
and log10C*<6.5?

Lumped Species
Aromatic-like IVOCs of highest volatility (VROCP6ARO)

Lumped Species
Aromatic-like IVOCs of intermediate volatility (VROCP5ARO)

Does the compound have nC=C >=1 
and log10C*<5.5?

no

yes

yes

no

Does the compound have 
log10C*<4.5? Lumped Species

If O:C > 0.1: Oxygenated IVOC of lower volatility (VROCP4OXY2)
Else: Alkane-like IVOCs of lower volatility (VROCP4ALK)

Does the compound have 
log10C*<6.5?

Lumped Species
If O:C > 0.05: Oxygenated IVOC of highest volatility (VROCP6OXY1)
Alkane-like IVOCs of highest volatility (VROCP6ALK)

Lumped Species
If O:C > 0.05:  Oxygenated IVOC of intermed. vol. (VROCP5OXY1)
Alkane-like IVOCs of intermediate volatility (VROCP5ALK)

Does the compound have 
log10C*<5.5?

no

no

yes

yes

yes

Does the compound have 
log10C*<3.5?

Lumped Species
If O:C > 0.1: Oxygenated IVOC of lowest volatility (A/VROCP3OXY2)
Else: Alkane-like IVOCs of lowest volatility (A/VROCP3ALK)

no

yes
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no

no

Does the compound have 
log10C*<6.5 and O:C>0.1 or Si?

Lumped Species
Oxygenated IVOCs and siloxanes (VROCIOXY)

yes

no

Continue to schematic D
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Schematic C



Unknown (UNKCRACMM)

The CRACMM2 emission mapper includes some other updates for robustness that could result in small changes to mapped compounds. Some species can exist 
in a gas (V) or aerosol (A) phase. The python mapper includes an optional argument to label a species as gas or particle if two phases are possible . The user 
must specify the phase as input to the mapper (it is not diagnosed). The phase can be calculated based on C* and organic aerosol concentration outside the 
mapper.

3/17/2025 updates: references only
C* are always in µg m-3 in this diagram.
Unknowns may be of 3 types:
• UNKKOH: unknown kOH (correct by specifying better surrogate).
• UNKSMILES: unknown SMILES (correct by specifying better surrogate).
• UNKCRACMM: unknown in mapping. All ROC species eventually get classified by kOH, but species that do not have any carbon atoms or are elemental 

carbon do not get mapped.
CRACMM version 1 documentation: Pye et al. (2023) https://doi.org/10.5194/acp-23-5043-2023; Place et al. (2023) https://doi.org/10.5194/acp-23-9173-2023
RACM2 SI: Goliff et al. (2013) https://ars.els-cdn.com/content/image/1-s2.0-S1352231012011065-mmc1.pdf

Is species slow reacting 
(kOH < 3.4×10-12 cm3 molec-1 s-1)?

Lumped Species
Slow reacting species (HC3)

Is the species intermediate 
reacting (kOH >= 3.4×10-12 and 

kOH <= 6.8×10-12 cm3 molec-1 s-1)?

Lumped Species
Moderately reacting species (HC5)

Is the compound fast reacting 
(kOH > 6.8×10-12 cm3 molec-1 s-1)?

Lumped Species
Fast reacting species (HC10)

yes

yes

yes
no

no

“A
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no
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Does the compound have 
naldehyde>=1 and nketone>=1?

Lumped Species
methylglyoxal and similar, kOH =1.5×10-11 cm3 molec-1 s-1 (MGLY)

Is the compound an aldehyde 
(naldehyde>=1)?

Lumped Species
higher aldehydes (C>3), kOH =1.98×10-11 cm3 molec-1 s-1 (ALD)

Is the compound a hydroxy ketone 
(nalcohol>=1 and nketone>=1)?

Lumped Species
hydroxy ketone, kOH =3.0×10-12 cm3 molec-1 s-1 (HKET) 

Lumped Species
higher organic peroxides, kOH =6.4×10-12 cm3 molec-1 s-1 (OP2)

Is the compound a peroxide 
(nperoxide>=1)?

Is the compound a ketone 
(nketone>=1)?

Lumped Species
all other ketones, kOH =2.9×10-12 cm3 molec-1 s-1 (KET)

Is the compound an alcohol 
(nalcohol>=1)?

Lumped Species
C3 and higher alcohols, kOH =1.3e-12 (ROH)

Lumped Species
organic nitrates, kOH =2.2×10-12 cm3 molec-1 s-1 (ONIT)

Is the compound a nitrate 
(nnitrate>=1)?

Is the compound an acid 
(nacid>=1 )?

Lumped Species                 
acetic and higher acids, kOH =6.5×10-13 cm3 molec-1 s-1 (ORA2)

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

no
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Schematic D

https://doi.org/10.5194/acp-23-5043-2023
https://doi.org/10.5194/acp-23-9173-2023
https://ars.els-cdn.com/content/image/1-s2.0-S1352231012011065-mmc1.pdf
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