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1 Introduction

This document provides an overview of the prescribed chemical boundary conditions and emission inventories used for
the ESCiMo simulations.

2 Prescribed boundary conditions

For species with uncertain emission fluxes pseudo-emissions are calculated by the submodel TNUDGE (Kerkweg
et al., 2006). The simulated mixing ratios in the lowest model layer are relaxed by Newtonian relaxation to observed
or projected surface mixing ratios (Figures E1 – E7).
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Figure E1: Left column: Time series of latitude dependent CO2 (top), N2O (mid) and CH4 (bottom) as prescribed
by Newtonian relaxation in the lowest model layer (shown are only the data used for the RC2 simulations). Right
column: Corresponding globally averaged mixing ratios, prescribed data in red (for RC1 simulations) and blue (for RC2
simulations) compared to observations (black). Corresponding data files are DLR 1.0 X sfmr GHG 195001-201112.nc
(RC1) and CCMI DLR1.0 RCP6.0 sfmr GHG 195001-210012.nc, respectively.
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Figure E2: Same as Figure E1, but for the CFCs CFC-11 (CFCl3, top) and CFC-12 (CF2Cl2, bottom). Corresponding
data files are DLR 1.0 X sfmr CFC 195001-201112.nc (RC1) and CCMI DLR1.0 RCP6.0 sfmr CFC 195001-210012.nc
(RC2), respectively.
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Figure E3: Same as Figure E1, but for the CFCs CH3CCl3 (top) and CCl4 (bottom). Corresponding data files
are DLR 1.0 X sfmr CFC 195001-201112.nc (RC1) and CCMI DLR1.0 RCP6.0 sfmr CFC 195001-210012.nc (RC2),
respectively.
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Figure E4: Same as Figure E1, but for the HCFCs CH3Cl (top) and CH3Br (bottom). Corresponding data files are
DLR 1.0 X sfmr HCFC 195001-201112.nc (RC1) and CCMI DLR1.0 RCP6.0 sfmr HCFC 195001-210012.nc (RC2),
respectively.
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Figure E5: Same as Figure E1, but for the Halons Halon-1211 (CF2ClBr, top) and Halon-1301
(CF3Br, bottom). Corresponding data files are DLR 1.0 X sfmr Halons 195001-201112.nc (RC1) and
CCMI DLR1.0 RCP6.0 sfmr Halons 195001-210012.nc (RC2), respectively.
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Figure E6: Same as Figure E1, but for SF6 (top) and H2 (bottom). Corresponding data files are
DLR 1.0 X sfmr H2 195001-201112.nc and, CCMI DLR1.0 RCP6.0 sfmr SF6 195001-210012.nc for both, RC1 and
RC2, respectively.
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Figure E7: Time series of latitude dependent COS as prescribed in the RC1-aero and RC1-aecl simulations by
Newtonian relaxation in the lowest model layer according to Brühl et al. (2012). The corresponding data file is
MPIC UMZ1.0 X sfmr COS 195001-201212.nc.
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3 Prescribed boundary conditions for spin-up simulations with coupled
ocean model

Figure E8: Time series of CO2 mixing ratio as prescribed for the ocean spin-up simulation SP-oce-02 (black) in
comparison to the time series prescribed for the RC1 (red) and RC2 (blue) simulations.
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Figure E9: As Figure E8, but for N2O.

Figure E10: As Figure E8, but for CH4.



P. Jöckel et al.: ESCiMo emissions 13

4 Prescribed anthropogenic emissions

4.1 Naming conventions

The anthropogenic emission sectors used throughout this document are defined as:

land:

• emissions from agricultural production (source categories 4A, 4B, 4C, 4D and 4G as defined in the “2006
IPCC guidelines for national greenhouse gas inventories”1)

• emissions from residential and commercial combustion ( source categories 1A4a, 1A4b and 1A4c)

• emission from energy production and distribution (source categories 1A1 and 1B)

• emissions from industrial processes and combustion (source categories 1A2, 2A, 2B, 2C, 2D and 2G)

• emissions from solvent production and use (source categories 2F and 3)

• emissions from waste treatment and disposal (source categories 6A, 6B, 6C and 6D)

awb: emissions from agricultural waste burning (source categories 1A4a, 1A4b and 1A4c)

air: emissions from aviation (aircraft, source category 1A3a)

road: emissions from land transport (source categories 1A3b, 1A3c and 1A3e)

ship: emissions from maritime transport (source category 1A3d)

Two different emission inventories have been preprocessed and used for the ESCiMo simulations, the data are stored
in netCDF2 files:

MACCity (used for the RC1 and RC1SD simulations):

CCMI_DLR1.0_AR5-RCP8.5_air_BC_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_air_NOx_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_awb_aerosol_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_awb_MISC_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_land-road-awb_aerosol_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_land-road-awb_MISC_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_road_aerosol_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_road_MISC_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_ship_aerosol_195001-201012.nc

CCMI_DLR1.0_AR5-RCP8.5_ship_MISC_195001-201012.nc

CCMI_DLR1.0_REFC1_bb_aerosol_195001-201012.nc

CCMI_DLR1.0_REFC1_bb_MISC_195001-201012.nc

CCMI_DLR1.0_REFC1_bb_NMHC_195001-201012.nc

ACCMIP+AR5/RC6.0 (used for the RC2 simulations):

CCMI_DLR1.0_AR5-RCP6.0_air_BC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_air_MISC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_anth_MISC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_awb_MISC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_bb_MISC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_bb_NMHC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_land-road-awb_MISC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_road_MISC_195001-210012.nc

CCMI_DLR1.0_AR5-RCP6.0_ship_MISC_195001-210012.nc

(CCMI_DLR1.0_AR5-RCP6.0_awb_aerosol_195001-210012.nc)

1http://www.ipcc-nggip.iges.or.jp/public/2006gl/
2http://www.unidata.ucar.edu/software/netcdf/
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(CCMI_DLR1.0_AR5-RCP6.0_bb_aerosol_195001-210012.nc)

(CCMI_DLR1.0_AR5-RCP6.0_land-road-awb_aerosol_195001-210012.nc)

(CCMI_DLR1.0_AR5-RCP6.0_road_aerosol_195001-210012.nc)

(CCMI_DLR1.0_AR5-RCP6.0_ship_aerosol_195001-210012.nc)

Files in parentheses have not been used in the present simulations, but are shown for completeness (see also Section 4.3).

4.2 Description of the inventories

4.2.1 MACCity

MACCity is a global emission inventory with a resolution of 0.5o x 0.5o. The files contain monthly emissions for the
years 1950 - 2010. Starting in 2000 the data set is based on the “MACCity” emissions (see Granier et al. (2011)),
followed by the IPCC AR5 RCP8.5 scenario for 2005 and 2010. The data were downloaded from the ECCAD-Website
(http://eccad.sedoo.fr/) for anthropogenic emissions and from ftp://ftp-ipcc.fz-juelich.de for the biomass
burning emissions. They contain the emissions from the following sectors:

• land (without awb and road)

• road

• awb

• air(craft)

• ship

• biomass burning

The MACCity inventory is based on the ACCMIP emission inventory described by Lamarque et al. (2010). The data
of the years 1960, 1970, 1980, 1990, 2000, 2005 and 2010 were linearly interpolated. Additionally, a seasonal cycle was
applied, more precisely sector-specific cycles were used as developed for the RETRO project (Schultz et al., 2007). In
the MACCity dataset the ACCMIP non-methane hydrocarbon (NMHC) species were lumped into 21 species. Despite
the detailed documentation on the ECCAD web-site, no detailed information about the lumping of the species was
available. As this lumped species are not compatible with the chemical mechanism used in MECCA, the data needed
to be preprocessed. Details about this are documented in Section 4.2.3 and in Figure E11.

The emissions of the different sectors were distributed to different height levels according to Pozzer et al. (2009). As
the MACCity data does not contain emissions for the year 1950, the emissions of the year 1960 have been used for the
years 1950 - 1959.

4.2.2 ACCMIP+AR5/RCP6.0

The ACCMIP+AR5/RCP6.0 inventory is a global emissions inventory for the years 1950-2100. It contains monthly
data (without seasonal variability) with a resolution of 0.5ox0.5o. The sectors available are:

• land (without awb and road)

• road

• awb

• air(craft)

• ship

• biomass burning

The data were downloaded from ftp://ftp-ipcc.fz-juelich.de and then linearly interpolated from the ACCMIP
inventory for the years 1950 - 2000. After the year 2000 the emissions from the RCP6.0 scenario are used, which were
linearly interpolated, too. The emissions of the different sectors were distributed to different height levels according
to Pozzer et al. (2009).
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4.2.3 Notes on the NMHC emissions

The ACCMIP+AR5/RCP6.0 raw data contain a “total NMHC” species for each sector. For MECCA these totals have
been converted from kg(NMHC) to kg(C) and subsequently split into the individual species following the speciation
suggested by von Kuhlmann et al. (2003). The conversion from kg(NMHC) to kg(C) was achieved by scaling with a
factor of 161/210 according to IPCC (2001, Section 4.2.3.2., Table 4.7.b, see also Hoor et al. (2009)).

The MACCity raw data comprise 21 lumped species, but no “total NMHC” species for the different sectors. However,
as mentioned above, it was not documented how the species were lumped. To yield total NMHC, which is required
for the MECCA-specific speciation, the total kg(C) of the NMHC emissions from each sector have been calculated
as sketched in Figure E11. As a result, the used data files with ACCMIP+AR5/RCP6.0 emissions contain “total
NMHC” in kg(NMHC), whereas the MACCity data files contain “total NMHC” in kg(C).

The NMHC biomass burning emissions of both data sets have been processed similarly to the MACCity emissions.
From the available lumped species the total emissions in Tg(C) have been calculated, which where then translated to
emissions fluxes of the species in the applied chemical mechanism.

MACCITY 
21 lumped species for Mozart4  

with kg(species) per sector 

ACCMIP 
(data per decade) 

Lamarque et al. 2010 
Total NMHC in kg(NMHC)  

per sector 

ACCMIP+AR5/RCP6.0 
total NMHC in kg(NMHC)  

per sector 

linear time interpolation 

linear time interpolation 
seasonal cycle 

new speciation 
 for NMHC 

with lumping of kg 
(NMHC) to kg (species) 

𝑘𝑘 𝐶 = �
𝑘𝑘 𝑠𝑠𝑠𝑠𝑖𝑖𝑖 #𝐶 𝑀𝑤(𝐶)

𝑀𝑤(𝑠𝑠𝑠𝑠𝑠𝑠𝑠)𝑠𝑝𝑝𝑝𝑝𝑝𝑝
 𝑘𝑘 𝐶 =

161
210

𝑘𝑘(𝑁𝑁𝑁𝑁) 

MECCA speciation MECCA speciation 

„always used“ 
fraction 

„always used“ 
fraction 

Conversion to total 
kg(C) per sector 

Conversion to total 
kg(C) per sector 

Figure E11: Difference between the NMHC speciation in the MACCity and ACCMIP+AR5/RCP6.0 datasets. While
the ACCMIP+AR5/RCP6.0 raw data contain total NMHC values, which could be directly speciated, the MACCity
raw data contain different species, but no total NMHC and therefore required a special preprocessing.

4.2.4 Notes on the ACCMIP emissions

The different sectors of the ACCMIP dataset, labelled for a specific decade, correspond to different times: “In the
historical decadal ACCMIP emission files, the anthropogenic and aircraft emissions represent the first year of the
corresponding decade, while ship emissions represent the 5th year of the corresponding decade. The biomass burning
emissions represent average conditions of the corresponding decade (e.g., 1980 - 1989 mean values are contained in the
file labelled with year 1980), except for the 2000 estimate, which is calculated from the 1997-2006 average.”3

3source: ftp://ftp-ipcc.fz-juelich.de/pub/emissions/gridded_netcdf/accmip_interpolated/README.accmip_interpolated.txt
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4.3 Comparison of inventories by sector

This section provides a comparison of the total emissions (for the different sectors) of the different inventories. Totals
for NMHC are given in Tg(C)/a; NMHC from the ACCMIP+AR5/RCP6.0 inventory has been converted by scaling
with 161/210, whereas NMHC in the MACCity inventory was already in kg(C). Totals for NOx are given in Tg(NO)/a,
black (BC) and organic carbon (OC) in Tg(C)/a, all others in Tg(species)/a. Note that emissions of OC and BC have
only been used in the RC1-aero and RC1-aecl simulations. Corresponding emissions of the ACCMIP+AR5/RCP6.0
inventory are only shown for comparison and have not been used within ESCiMo.

4.3.1 Biomass burning

Figures E12 - E18 show the annual total emissions of CO, NOx, SO2 and NH3, NMHC, black carbon and organic
carbon of the biomass burning sector. A strong inter-annual variability is present in the emissions of the MACCity
dataset. This inter-annual variability is not present in the ACCMIP+AR5/RCP6.0 dataset.
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Figure E12: Annual total emissions of CO from the biomass burning sector.
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Figure E13: As Figure E12, but for NOx (in Tg(NO)/a).
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Figure E14: As Figure E12, but for SO2.
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Figure E15: As Figure E12, but for NH3.

 0

 5

 10

 15

 20

 25

 30

 35

 40

 1960  1980  2000  2020  2040  2060  2080  2100

T
g
/a

year

NMHC emissions - BB

MACCITY
ACCMIP+AR5/RCP6.0

Figure E16: As Figure E12, but for NMHCs (in Tg(C)/a).
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Figure E17: As Figure E12, but for black carbon (in Tg(C)/a).
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Figure E18: As Figure E12, but for organic carbon (in Tg(C)/a).
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4.3.2 Road traffic

Figures E19 - E25 show the annual totals for the years 1950 - 2100 for CO, NOx, SO2, NH3, NMHCs, black and
organic carbon. The MACCity emissions show no trend for 1950 - 1959 (spin-up phase) by construction. From
1960 on, MACCity and ACCMIP+AR5/RCP6.0 show the same evolution until 2000. Starting 2000, the MACCity
dataset follows the AR5 RCP 8.5 pathway, while the ACCMIP+AR5/RCP6.0 follows the RCP6.0 pathway. This is at
least true for CO, NOx, SO2, NH3, black and organic carbon. For the NMHC emissions (Figure E23) the MACCity
emissions are lower than those of ACCMIP+AR5/RCP6.0. Between 1960 and 2010, both inventories are based on the
ACCMIP data. Nevertheless, ACCMIP+AR5/RCP6.0 emissions are larger by a factor of about 1.2, corresponding
to an absolute difference of up to ∼6 Tg(C)/a. This is presumably an artefact resulting from the different procedure
used for the speciation.

Unfortunately there was an error (wrong namelist entry) in the model setup affecting all simulations, except for
RC1SD-base-10a, the latter having been performed as a sensitivity simulation (in comparison to RC1-base-10) to
assess the impact of this mistake. The wrong namelist entry caused a wrong timing of the road traffic emissions:
Instead of updating the emission distributions from the monthly time series every month, they have been updated
only every year. The resulting wrong time series of the road traffic emission are labelled “wrong” in all figures (red
line for MACCity, green line for ACCMIP+AR5/RCP6.0).

 0

 50

 100

 150

 200

 250

 300

 350

 1960  1980  2000  2020  2040  2060  2080  2100

T
g
/a

year

CO emissions - road

MACCITY
ACCMIP+AR5/RCP6.0

MACCITY, wrong
ACCMIP+AR5/RCP6.0, wrong

Figure E19: Annual total emissions of CO from the road sector. The two time-lines marked “wrong” show the temporal
evolution of the emissions as wrongly applied in all model simulations (except for RC1SD-base-10a) as a result of an
error in the model setup.
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Figure E20: As Figure E19, but for NOx (in Tg(NO)/a).
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Figure E21: As Figure E19, but for SO2.
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Figure E22: As Figure E19, but for NH3.
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Figure E23: As Figure E19, but for NMHC (in Tg(C)/a).



P. Jöckel et al.: ESCiMo emissions 23

 0

 0.5

 1

 1.5

 2

 2.5

 3

 1960  1980  2000  2020  2040  2060  2080  2100

T
g
/a

year

BC emissions - road

MACCITY
ACCMIP+AR5/RCP6.0

MACCITY, wrong
ACCMIP+AR5/RCP6.0, wrong

Figure E24: As Figure E19, but for black carbon (in Tg(C)/a).
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Figure E25: As Figure E19, but for organic carbon (in Tg(C)/a).
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4.3.3 Agricultural waste burning

Figures E26 - E32 show the annual totals for the years 1950 - 2100 for CO, NOx, SO2, NH3, NMHC, black and organic
carbon. As above, CO, NOx, SO2, NH3, black and organic carbon are identical from 1960 - 2000. Once again, the
total emissions of NMHC in the MACCity and ACCMIP+AR5/RCP6.0 data differ between 1960 and 2010 by around
1 Tg(C)/a (see Figure E30).
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Figure E26: Annual total emissions of CO from the awb sector.
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Figure E27: As Figure E26, but for NOx (in Tg(NO)/a).
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Figure E28: As Figure E26, but for SO2.
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Figure E29: As Figure E26, but for NH3.
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Figure E30: As Figure E26, but for NMHC (in Tg(C)/a).
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Figure E31: As Figure E26, but for black carbon (in Tg(C)/a).
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Figure E32: As Figure E26, but for organic carbon (in Tg(C)/a).
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4.3.4 Shipping

The annual total emissions of CO, NOx, SO2, NMHC, black and organic carbon from shipping (Figures E33 - E38)
differ between both inventories in the years 1950 - 1999. The reason are the different reference times (shifted by
5 years) as noted above. The NMHC emissions (Figure E36) are about 10% lower in MACCity compared to the
ACCMIP+AR5/RCP6.0 estimate.
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Figure E33: Annual total emissions of CO from the ship sector.

 0

 2

 4

 6

 8

 10

 12

 14

 16

 1960  1980  2000  2020  2040  2060  2080  2100

T
g
/a

year

NOx emissions - ship

MACCITY
ACCMIP+AR5/RCP6.0

Figure E34: As Figure E33, but for NOx (in Tg(NO)/a).
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Figure E35: As Figure E33, but for SO2.
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Figure E36: As Figure E33, but for NMHC (in Tg(C)/a).
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Figure E37: As Figure E33, but for black carbon (in Tg(C)/a).
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Figure E38: As Figure E33, but for organic carbon (in Tg(C)/a).
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4.3.5 Aviation

From the aviation (aircraft) sector, only NOx is emitted in the -base- and -oce- simulations, in -aero- and -aecl- black
carbon (BC) in addition. The totals for the different years are shown in Figures E39 and E40
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Figure E39: Annual total emissions of NOx from the aviation (“air”craft) sector (in Tg(NO)/a).
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Figure E40: Annual total emissions of BC from the aviation (“air”craft) sector (in Tg(C)/a).
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4.3.6 Land without road and awb

Figures E41 - E47 show the annual total emissions from all anthropogenic land sources without road- and awb-
emissions. MACCity and ACCMIP+AR5/RCP6.0 are identical between 1960 and 2000, except for NMHC and organic
carbon. Starting 2000, the MACCity data follows the RCP8.5 scenario, while the ACCMIP+AR5/RCP6.0 follows the
RCP 6.0 scenario.

Compared to the other sectors, there is one important difference for the NMHC from this sector: The MACCity total
NMHC emissions are larger than those of ACCMIP+AR5/RCP6.0, up to ∼15 Tg(C)/a. The difference between both
estimates is not constant over time.
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Figure E41: Annual total emissions of CO from the land sector (without road and awb).
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Figure E42: As Figure E41, but for NOx (in Tg(NO)/a).
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Figure E43: As Figure E41, but for SO2.
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Figure E44: As Figure E41, but for NH3.
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Figure E45: As Figure E41, but for total NMHC (in Tg(C)/a).
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Figure E46: As Figure E41, but for total black carbon (in Tg(C)/a).
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Figure E47: As Figure E41, but for total organic carbon (in Tg(C)/a).
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4.3.7 Anthropogenic emissions without emissions from aviation

Figures E48 - E54 show the anthropogenic annual total emissions without emissions from aircraft. For CO, NOx, SO2,
NH3, black and organic carbon the typical time evolution of the emissions is apparent. The small differences between
the MACCity and the ACCMIP+RCP6.0 estimates arise mostly from the different reference times applied to the ship
emissions in both data sets. Despite the fact that the NH3 emissions of the RCP6 and RCP8.5 differ for the awb and
the road sector, the annual total emissions for both data sets are identical from 1960 on (see Figure E51). While the
NMHC emissions differ in the individual sectors by up to 200% between the MACCity and the ACCMIP+AR5/RCP6.0
inventories, the total emissions of the MACCity dataset are about 10% larger. This is well within the range of expected
uncertainties.

In addition to the total emissions of the MACCity and the ACCMIP+AR5/RCP6.0 inventories, the total emissions
of all simulations with the wrong timing for the road traffic sector (for details see description of the road traffic sector
above) are shown in red (MACCity) and green (ACCMIP+AR5/RCP6.0). For NH3 and SO2 this mistake has only
a minor influence on the total emissions, because the road traffic sector is only of minor importance as source for
these species. For CO, NOx and the NMHC, the effectively resulting emission totals are underestimating the intended
emissions, at least before the year 2080. After this year, the situation is vice versa, i.e., the effective (erroneous)
emissions are larger than the intended.
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Figure E48: Annual total emissions of CO from all anthropogenic emission sectors, except for aviation. The totals
marked as “wrong” indicate the effectively used totals for the simulations with the wrong timing of the road traffic
sector.
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Figure E49: As Figure E48, but for NOx (in Tg(NO)/a).
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Figure E50: As Figure E48, but for SO2.
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Figure E51: As Figure E48, but for NH3.
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Figure E52: As Figure E48, but for total NMHC (in Tg(C)/a).
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Figure E53: As Figure E48, but for total black carbon (in Tg(C)/a).
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Figure E54: As Figure E48, but for total organic carbon (in Tg(C)/a).
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4.4 Remarks

Comparing both inventories of anthropogenic emissions a few remarks are highlighted:

• The total emissions from the different sectors of CO, NOx, SO2 and NH3 are identical between MACCity and
ACCMIP+AR5/RCP6.0, but

• the reference time of the decadal ship emission estimates are shifted by five years. This has no significant impact
on the annual total emissions, but must be kept in mind when comparing the impact of ship emissions.

• The anthropogenic total NMHC emissions of both inventories are qualitatively very similar, differing by about
10%. While this is within the range of expected uncertainties, significant differences are apparent for the
individual sectors. This implies also differences in the geographical distribution of emissions.

4.5 Emissions of diagnostic tracers

As listed in the Appendix A5 and Table A1 of the manuscript, additional diagnostic tracers have been included in the
model simulations. One, SF6 CCMI has been directly emitted. The time series (annual values) is shown in Figure E55.
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Figure E55: Emissions of SF6 CCMI (in Gg(SF6)/a) according to the EDGAR (v4.2) database. The corresponding
data file is EDGAR v42DLR1.0 IPCC anth SF6 1950-2008.nc. From year 2009 on, data of the year 2008 has been
repeated.

The corresponding data files used for the diagnostic tracers are listed in Table E1.
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Tracer Data file
SF6 CCMI DLR1.0 RCP6.0 sfmr SF6 195001-210012.nc
AOA DLR 1.0 X sfmr AOA 195001-210012.nc
SF6 AOA FUB 1.1 X sfmr AOA 195001-210012.nc
SF6 AOAc FUB 1.1 X sfmr AOAc 195001-210012.nc
SF6 CCMI EDGAR v42DLR1.0 IPCC anth SF6 1950-2008.nc
SO2t (see Table A1 in manuscript)
NH 05 CCMI DLR1.0 X X synth const.nc (NH)
NH 50 CCMI DLR1.0 X X synth const.nc (NH)
NH50W CCMI DLR1.0 X X synth const.nc (NH)
AOA NH CCMI DLR1.0 X X synth const.nc (ZERO)
ST80 25 CCMI DLR1.0 X X synth const.nc (ST80)
CO 25 (see Table A1 in manuscript)
CO 50 (see Table A1 in manuscript)
AOA CCMI CCMI DLR1.0 X X synth const.nc (ZERO)
O3(s) (see Table A1 in manuscript)

Table E1: Data files used for the different diagnostic tracers, see Table A1 in manuscript. Names in parentheses denote
the variable names.
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5 Non-anthropogenic emissions

In addition to the prescribed anthropogenic emissions, emissions from natural sources have been prescribed as well,
either as monthly resolved or annually constant climatology (cyclically repeated for all simulated years).

The Non-Methane Hydrocarbons (NMHCs) are based on the spatial and temporal distribution of the GEIA (Global
Emissions InitiAtive)4 NMHCs distribution as described by Guenther et al. (1995). The distributions are available for
isoprene, terpenes and other volatile organic compounds, which were then scaled to the total global annual emissions
according to recent literature (see Table E3).

Table E2 shows the input files that were used to account for these additional off-line emissions.

Input files with non-anthropogenic emissions
Group Input file(s)
Biogenic Emissions GEIA MPIC1.0 X bio MISC 200001 200012.nc
Ammonia GEIA MPIC1.0 X bioland NH3 2000-2000.nc

GEIA MPIC1.0 X biowater NH3 2000-2000.nc
Terrestrial DMS SpiroKettle MPIM1.0 clim bio DMS 01-12.nc
Halocarbons Warwick UMZ1.0 clim biowater BrCarbons X-X.nc
Methyl Iodide Bell 2002 X all CH3I 20001-200012.nc
Volcanic SO2 (-base-) AEROCOM DLR1.0 X volc SO2 200001-200012.nc
Volcanic SO2 (-aero-, -aecl-) AEROCOM-DIEHL UMZ1.0 X X volc SO2 195001 201012.nc
OC from SOA (-aero-, -aecl-) AEROCOM UMZ1.0 X SOA OC 200001-200012.nc

Table E2: List of input files with additional non-anthropogenic emissions used for the ESCiMo simulations.

The annual emissions are displayed in Table E3 along with the respective references and the seasonal variation, if
present. Apart from terrestrial DMS and OC, which are given in Tg(S)/a and Tg(C)/a, respectively, all other totals
show Tg(species)/a. Emission data are specified as flux in molec/m2/s, except for the volcanic SO2 emissions, which
are provided as a volume flux in molec/m3/s on fixed pressure levels. Hence, although the flux is constant, the actual
emitted mass of volcanic SO2 depends slightly on the state of the model atmosphere (due to the pressure based vertical
model grid) and therefore differs between the simulations. Here, we present a representative value for the emissions
using standard atmosphere conditions.

The following list contains further explanations and references corresponding to the superscripts in Table E3:

1. Rudolph (1997) states that several Tg/a come from plants. Upon stress, plant emissions of C2H4 can increase
drastically (Fall, 1999), therefore any global extrapolation of the emissions is highly uncertain. Here, we assumed
3 Tg/a from soil (Sawada and Tutsuka, 1986) and 7 Tg/a from vegetation (von Kuhlmann, 2001). An additional
1.4 Tg/a were added for the ocean, which is the upper limit proposed by Plass-Dülmer et al. (1995).

2. Kesselmeier and Staudt (1999) citing Guenther et al. (1994) claim a low contribution of terrestrial vegetation to
the atmospheric budget, thus we set emissions from land to zero. The oceanic contribution was estimated to be
0.54 Tg/a (upper limit of Plass-Dülmer et al., 1995).

3. The contribution to propene (C3H6) by sources over land is estimated to be 2.15 Tg/a. This value is based on
a molecule emission ratio of ethene to propene of 2.63/1.13 (measurements in forest by Goldstein et al., 1996)
and the assumption of a non-stress emission of ∼ 3.3 Tg/a for ethene. The oceanic contribution was estimated
to be 1.27 Tg/a (upper limit of Plass-Dülmer et al., 1995).

4. Kesselmeier and Staudt (1999) citing Guenther et al. (1994) claim a low contribution of terrestrial vegetation to
the atmospheric budget, thus we set emissions from land to zero. The oceanic contribution was estimated to be
0.35 Tg/a (upper limit of Plass-Dülmer et al., 1995).

5. The contribution from land was estimated to be 3.4 Tg/a based on the ranges of given in literature (e.g., 0.5-
5.6 Tg/a Bode et al. (1997), 0.6-2.0 Tg/a Kesselmeier et al. (1998), 1.4 Tg/a from Savanna soils (Helas and
Kesselmeier, 1993)).

4GEIAv1 database
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Non-anthropogenic emissions
Species Reference Seasonal range in Tg/a Tg/a

Biogenic Emissions

C2H4 9.58 - 14.08 11.361)

C2H6 - 0.5392)

C3H6 3.01 - 4.00 3.413)

C3H8 - 0.3494)

CH3CO2H 2.76 - 4.31 3.3875)

CH3COCH3 Folberth et al. (2006) 44.68 - 72.89 55.73
CH3OH Jacob et al. (2005) 122.6 - 191.6 150.46
CO 92.9 - 143.3 112.616)

HCOOH 4.47 - 7.30 5.587)

NC4H10 - 0.408)

Ammonia

NH3(bioland) Bouwman et al. (1997)12) - 2.44
NH3(biowater) Bouwman et al. (1997)12) - 8.16

Terrestrial DMS
DMS (Tg(S)/a) Spiro et al. (1992) 0.51 - 1.70 0.91

Halocarbons
CHBr3 Warwick et al. (2006) - 0.595
CH2BrCl Warwick et al. (2006) - 0.0068
CH2Br2 Warwick et al. (2006) - 0.113
CHBr2Cl Warwick et al. (2006) - 0.023
CHBrCl2 Warwick et al. (2006) - 0.016

Methyl Iodide
CH3I Bell et al. (2002) 0.185 - 0.25 0.213

Volcanic SO2

SO2 - 30.439)

SO2 - (see Figure E56)10)

Organic carbon (OC) from secondary organic aerosol (SOA)

OC Dentener et al. (2006) 13.62 - 27.20 19.1411)

Table E3: Summary of totals of applied off-line emissions. If a seasonal cycle is present in the data, its range is given
in the third column. Superscripts refer to the text passage below with further explanations.

6. The contribution from land was estimated to 100 Tg/a. This estimate comprises CO from the oxidation of
some (non-industrial) hydrocarbons, which are not being accounted for by other emissions, i.e. higher alkenes
(C>3), terpene products other than acetone, as well as higher aldehydes etc.. Additionally, direct CO emissions
from vegetation and plant decay are accounted for by this estimate. For the oceanic contribution, we used the
estimate of 13 Tg/a from Bates et al. (1995).

7. The contribution from land was estimated to be 5.6 Tg/a, based on the literature with estimates ranging from
0.6 to 11.0 Tg/a (e.g., 0.6-11.0 Tg/a (Bode et al., 1997), 0.9-6.0 Tg/a (Kesselmeier et al., 1998), 1.6 Tg/a from
Savanna soils (Helas and Kesselmeier, 1993)).

8. The oceanic contribution was estimated to be 0.4 Tg/a, based on the estimate of 0.11 Tg/a of butanes by Plass-
Dülmer et al. (1995), which was upscaled to 0.19 Tg/a (upper limit of the same study) to account for other
alkanes. Note that all C4H10 emissions (including those accounting for other alkenes), have been emitted into
the NC4H10 tracer.

9. For the -base- simulations, we used monthly resolved volcanic SO2 emissions of the year 2000, including both
explosive and continuously degassing volcanoes. Both are taken from AEROCOM (Dentener et al., 2006). The
emissions are linearly distributed in an altitude range around the volcano top, using different ranges for explosive
and continuously-degassing volcanoes. Volcano altitudes are taken from the study by Halmer et al. (2002).

10. For the -aero- and -aecl- simulations, we used a monthly resolved time series. It comprises the emissions from
continuously degassing volcanoes (AEROCOM, Dentener et al., 2006, based on the GEIA inventory (Andres and
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Kasgnoc, 1998)) and those of eruptive volcanoes based on AEROCOM5. Figure E56 shows the time series.

11. The emissions from the file are scaled by a factor of 1.4 to account for the organic carbon (OC) representing
particulate organic matter (POM, Seinfeld and Pandis, 1997; Ferek et al., 1998). The resulting carbon emissions
are distributed into the hydrophilic (65%) and hydrophobic (35%) Aitken modes of OC. This has been used in
the -aero- and -aecl- simulations, only.

12. downloaded from http://themasites.pbl.nl/tridion/en/themasites/geia/index.html
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Figure E56: Emissions of SO2 (in Tg(SO2)/a) from volcanic activity (continuously degassing and eruptive) as pre-
scribed in the -aero- and -aecl- simulations.

6 Boundary conditions for on-line calculated emissions

5http://wiki.seas.harvard.edu/geos-chem/index.php/Volcanic_SO2_emissions_from_Aerocom
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Figure E57: Climatological seasonal particulate organic carbon (POC, in mg m−3) in ocean surface water derived
from SEAWIFS-Aqua (summer 2002 – summer 2010). This input data is used to calculate the POC emission from the
sea-salt emissions (in submodel ONEMIS) and has been used in the -aero- and -aecl- simulations. The corresponding
data file is seawifs 1.0 seasonal X POC 01-04.nc.

Figure E58: Soil type index (left) and areal coverage of preferential dust sources, expressed as percentage of each 0.5o

x 0.5o grid cell (right), according to Tegen et al. (2002). The corresponding data files are Tegen 1.0 X soilType X-X.nc
and Tegen 1.0 X potSource X-X.nc, respectively.
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Figure E59: Seasonal cycle of surface area fraction not covered by vegetation, i.e., where dust can be emitted. The
corresponding data file is Tegen 1.0 X ndviLAIeff 01-12.nc.
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Submodel Input file(s)
MECCA KHET Righi DLR1.0 clim X MADEAerosolSurface 01-12.nc
AIRSEA WOA MPIC1.0 clim ocean salinity 01-12.nc (salt)

SOLAS 1.0 X seaconc DMS 200001 200012.nc (DMS SEA)
WOA MPIC1.0 clim C5H8 200001-200012.nc (C5H8 w)

ONEMIS X X X surfpara X 01-12.nc
X X X X VOC X-X.nc
X X X X NO X-X.nc
X X X X NOemisclass1 X-X.nc
X X X X NOemisclass2 X-X.nc

DDEP X X X soilpHcl X X-X.nc
X X X surfpara X 01-12.nc

AEROPT CCMI-ETH MPIC1.1 hist optLW-ECHAM5 X 195001-201112.nc
CCMI-ETH MPIC1.1 hist optSW-ECHAM5 X 195001-201112.nc
aeropt lw 1.59 1.59 2.00.nc∗

MSBM CCMI-ETH MPIC1.1 hist X H2SO4 195001-201112.nc
JVAL HALOE MPIC1.0 clim X O3 01-12.nc∗

(RC1) NRLSSI FUB1.0 hist X solar1AU 19500101 20111231.txt (solact)
(RC2) NRLSSI FUB1.0 HadGEM X solar1AU 19500101 21001231.txt (solact)

RAD FUBRD (RC1) NRLSSI FUB1.0 hist X spec055 19500101 20111231.txt
(RC2) NRLSSI FUB1.0 HadGEM X spec055 19500101 21001231.txt

Table E4: Additional data files (here not visualised) used as input for the indicated submodels. Names in parentheses
denote the variable names. The asterisk indicates files which are directly imported by the submodel, and not by
IMPORT.
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P. Jöckel et al.: ESCiMo emissions 49

Guenther, A., Hewitt, C. N., Erickson, D., Fall, R., Geron, C., Graedel, T., Harley, P., Klinger, L., Lerdau, M., Mckay,
W. A., Pierce, T., Scholes, B., Steinbrecher, R., Tallamraju, R., Taylor, J., and Zimmerman, P.: A global model
of natural volatile organic compound emissions, Journal of Geophysical Research: Atmospheres, 100, 8873–8892,
doi:10.1029/94JD02950, URL http://dx.doi.org/10.1029/94JD02950, 1995.

Halmer, M., Schmincke, H.-U., and Graf, H.-F.: The annual volcanic gas input into the atmosphere, in particu-
lar into the stratosphere: a global data set for the past 100 years, Journal of Volcanology and Geothermal Re-
search, 115, 511 – 528, doi:http://dx.doi.org/10.1016/S0377-0273(01)00318-3, URL http://www.sciencedirect.

com/science/article/pii/S0377027301003183, 2002.

Helas, G. and Kesselmeier, J.: Estimates on sinks and sources of formic and acetic acid, in: General Assessment of
Biogenic Emissions and Deposition of Nitrogen Compounds, Sulphur Compounds and Oxidants in Europe, edited
by Slanina, J., Angeletti, G., and Beilke, S., pp. 299–304, CEC Air Pollution Research Report 47, E. Guyot SA,
Brussels, 1993.

Hoor, P., Borken-Kleefeld, J., Caro, D., Dessens, O., Endresen, O., Gauss, M., Grewe, V., Hauglustaine, D., Isaksen,
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