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In this supplement, we provide additional information on the EMAC model simulations (Sec-
tion S1) as well as additional figures to support the discussion in the paper (Section S2).

S1 Additional information on EMAC simulations

All four model setups consider boundary conditions for long-lived species, supplied to the
model via the TNUDGE submodel (Kerkweg et al., 2006) and including greenhouse gases CO2,
N2O, CH4, chlorofluorocarbons (CFCl3, CF2Cl2, CH33CCl3, CCl4), hydrochlorofluorocarbons
(CH3Cl, CH3Br), halons (CF2ClBr, CF3Br) and H2. The input fields (monthly-mean, zonally
averaged mixing ratios) are taken from the AGAGE database (Prinn et al., 2000). Emissions
of short-lived species (NO, CO, SO2, NH3 and NMHCs C2H4, C2H6, C3H6, C3H8, C4H10,
CH3CHO, CH3COCH3, CH3COOH, CH3OH, HCHO, HCOOH), methyl ethyl ketone (MEK))
are provided to the model as offline fields via the OFFLEM/OFFEMIS submodel (Kerkweg
et al., 2006). We consider anthropogenic (traffic and non-traffic) source from different datasets,
and natural sources like volcanic SO2 (from AeroCom; Dentener et al., 2006), terrestrial DMS
(Spiro et al., 1992) and biogenic sources (Guenther et al., 1995).

NMHC speciation is realized according to the speciation fraction by von Kuhlmann et al.
(2003). Different fractions are used for biomass burning and anthropogenic emissions. NMHC
mass (usually kg(NMHC)) is converted to carbon mass (kg(C)) assuming a ratio of 161/210, as
suggested in the IPCC third assessment report (see also Hoor et al., 2009). In a test simulation
(not discussed here), the speciation provided in the inventory by Lamarque et al. (2010) has
also been considered, but due to its inconsistency with the chemical mechanism of our model,
it led to unrealistic results in comparison with the tropospheric vertical profiles from Emmons
et al. (2000). Therefore the above method was preferred and applied in all of the simulations
presented here. Anthropogenic (except aviation) and biomass burning emissions are distributed
in the vertical using 6 layers (45, 140, 240, 400, 600, 800 m) following the suggestions of Pozzer
et al. (2009), mostly based on EMEP. Aviation emission levels are provided by the corresponding
inventory (in the range 0-15 km). Volcanic emissions are distributed according to the volcano
height. Other sources are emitted as two-dimensional surface fluxes and no assumption on the
injection height is therefore required.

The model also simulates online emissions of isoprene and soil NO, via the ONLEM/ONEMIS
submodel. The exchange of species between the atmosphere and the ocean is simulated by the
AIRSEA submodel (Pozzer et al., 2006), based on the concentration of isoprene (Broadgate et al.,
1997), oceanic DMS (Kettle and Andreae, 2000) as well as the ocean salinity (Boyer et al., 2002).
Solar cycle data for the calculation of the photolysis rates in the JVAL submodel are taken from
Lean (2000). Finally, lightning NOx emissions are calculated online by the LNOX submodel
using different parametrization. A summary of boundary conditions, emissions and other data
required by the model in the four setups is given in Table S1. The simulations discussed here do
not include aerosols, therefore the standard ECHAM5 aerosol climatology (Tanre et al., 1994)
is used to drive the radiation calculations.
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Table S1: Boundary conditions and emission datasets for the EMAC simulations. References to each
dataset/inventory are given in the text. A specification whether data are used in transient or in constant (2000)
mode is given for each dataset. The abbreviation SB97 refers to the inventory by Schmitt and Brunner (1997). M7
is the aerosol model by Vignati et al. (2004) providing aerosol surface concentrations for heterogeneous chemistry
reactions.

MESSy submodel EVAL2 QCTM TS2000 ACCMIP

Concentrations of
TNUDGE

AGAGE
long-lived species Transient Transient 2000 2000

Biomass burning OFFLEM/ GFED GFED CMIP5 CMIP5
emissions OFFEMIS Transient Transient 2000 2000

Agric. waste burning OFFLEM/ CMIP5
emissions OFFEMIS 2000 2000 2000 2000

Anthrop. non-traffic OFFLEM/ CMIP5
emissions OFFEMIS 2000 2000 2000 2000

Land transport OFFLEM/ QUANTIFY QUANTIFY CMIP5 CMIP5
emissions OFFEMIS 2000 2000 2000 2000

Shipping OFFLEM/ CMIP5
emissions OFFEMIS Transient Transient 2000 2000

Aviation OFFLEM/ SB97 QUANTIFY QUANTIFY CMIP5
emissions OFFEMIS Transient 2000 2000 2000

Biogenic OFFLEM/ Guenther et al. (1995)
emissions OFFEMIS 2000 2000 2000 2000

Volcanic OFFLEM/ AeroCom
emissions OFFEMIS 2000 2000 2000 2000

Terrestrial DMS OFFLEM/ Spiro et al. (1992)
emissions OFFEMIS 2000 2000 2000 2000

NH3 OFFLEM/ EDGAR EDGAR CMIP5 CMIP5
emissions OFFEMIS 2000 2000 2000 2000

Isoprene emissions AIRSEA Broadgate et al. (1997)
Oceanic DMS emissions AIRSEA Kettle and Andreae (2000)
Ocean salinity AIRSEA Boyer et al. (2002)

Aerosol (radiation) – Tanre et al. (1994)
Aerosol (chemistry) – M7 Not included

QBO QBO Giorgetta and Bengtsson (1999) Not included

Solar cycle JVAL
Lean (2000)

Transient 2000 2000 2000

Lightning NOx LNOX Price and Rind (1994) Grewe et al. (2001)

Nudging – ECMWF Not included
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Table S2: Total emissions for different species and sectors in the four EMAC simulations. For transient emissions, minimum and maximum values for the simulated period
(excluding the spin-up year) are given. For constant emission, the value refers to the year 2000, whereas for online emissions the average value is provided. Natural sources
emissions of NOx include also lightning emissions, given in brackets in the corresponding column. Units are Tg(species)/yr and Tg(NO)/yr for NOx. See Table S1 for the
corresponding emission inventories. NH3 emissions per sector are available only for the ACCMIP run, in the other cases only the total value is given in the last row.

Sector Experiment NOx CO SO2 NH3 C2H4 C2H6 C3H6 C3H8

Biomass and agric.
waste burning

EVAL2 7.87 – 11.19 270.74 – 403.71 1.85 – 2.80 – 3.08 – 4.25 1.75 – 2.42 1.38 – 1.90 0.55 – 0.75
QCTM 7.87 – 11.19 270.74 – 403.71 1.85 – 2.80 – 3.08 – 4.25 1.75 – 2.42 1.38 – 1.90 0.55 – 0.75
TS2000 8.54 285.31 2.04 – 3.27 1.86 1.47 0.58

ACCMIP 12.06 476.76 4.03 11.73 13.73 7.83 6.13 2.44

Anthropogenic non-
traffic sources

EVAL2 32.88 364.66 88.03 – 3.15 5.43 1.33 8.40
QCTM 32.88 364.66 88.03 – 3.15 5.43 1.33 8.40
TS2000 32.88 364.66 88.03 – 3.15 5.43 1.33 8.40

ACCMIP 32.88 364.66 88.03 36.27 3.15 5.43 1.33 8.40

Traffic sources

EVAL2 31.75 – 37.09 111.23 – 111.82 12.12 – 16.69 – 0.59 – 0.63 1.01 – 1.08 0.25 – 0.26 1.57 – 1.68
QCTM 32.11 – 36.95 111.23 – 111.82 12.12 – 16.69 – 0.59 – 0.63 1.01 – 1.08 0.25 – 0.26 1.57 – 1.68
TS2000 32.93 111.62 12.94 – 0.60 1.03 0.25 1.59

ACCMIP 36.78 223.55 15.33 0.47 1.16 2.00 0.49 3.09

Natural
sources
(lightning)

EVAL2 23.66 (11.03) 112.80 30.69 – 11.38 0.54 3.42 0.35
QCTM 16.52 (3.81) 112.80 30.69 – 11.38 0.54 3.42 0.35
TS2000 23.50 (10.67) 112.80 30.69 – 11.38 0.54 3.42 0.35

ACCMIP 25.31 (12.39) 112.80 30.69 – 11.38 0.54 3.42 0.35

Total

EVAL2 97.26 – 103.37 858.42 – 991.64 132.75 – 137.56 65.27 18.17 – 19.37 8.74 - 9.44 6.36 – 6.89 10.87 – 11.14
QCTM 87.12 – 96.29 858.42 – 991.64 132.75 – 137.56 65.27 18.17 – 19.37 8.74 - 9.44 6.36 – 6.89 10.87 – 11.14
TS2000 97.86 874.38 133.69 65.27 18.40 8.86 6.46 10.92

ACCMIP 106.68 1177.77 138.08 48.46 29.43 15.80 11.36 14.28

Sector Experiment C4H10 CH3CHO CH3COCH3 CH3COOH CH3OH HCHO HCOOH MEK

Biomass and agric.
waste burning

EVAL2 0.69 – 0.96 1.23 – 1.69 1.12 – 1.55 3.93 – 5.43 3.96 – 5.47 2.10 – 2.90 2.15 – 2.96 2.66 – 3.67
QCTM 0.69 – 0.96 1.23 – 1.69 1.12 – 1.55 3.93 – 5.43 3.96 – 5.47 2.10 – 2.90 2.15 – 2.96 2.66 – 3.67
TS2000 0.74 1.31 1.19 4.18 4.21 2.23 2.28 2.82

ACCMIP 3.12 5.48 4.99 17.54 17.71 9.40 9.57 11.88

Anthropogenic non–
traffic sources

EVAL2 62.82 – 2.78 – 2.78 0.87 – 3.75
QCTM 62.82 – 2.78 – 2.78 0.87 – 3.75
TS2000 62.82 – 2.78 – 2.78 0.87 – 3.75

ACCMIP 62.82 – 2.78 – 2.78 0.87 – 3.75

Traffic sources

EVAL2 11.74 – 12.55 – 0.52 – 0.55 – 0.52 – 0.55 0.16 – 0.17 – 0.70 – 0.75
QCTM 11.74 – 12.55 – 0.52 – 0.55 – 0.52 – 0.55 0.16 – 0.17 – 0.70 – 0.75
TS2000 11.91 – 0.53 – 0.53 0.17 – 0.72

ACCMIP 23.13 – 1.03 – 1.03 0.32 – 1.39

Natural
sources

EVAL2 0.40 – 55.82 3.39 150.71 – 5.59 –
QCTM 0.40 – 55.82 3.39 150.71 – 5.59 –
TS2000 0.40 – 55.82 3.39 150.71 – 5.59 –

ACCMIP 0.40 – 55.82 3.39 150.71 – 5.59 –

Total

EVAL2 75.65 – 76.54 1.23 – 1.69 60.12 – 60.58 7.32 – 8.82 157.63 – 159.16 3.13 – 3.94 7.72 – 8.54 7.11 – 8.15
QCTM 75.65 – 76.54 1.23 – 1.69 60.12 – 60.58 7.32 – 8.82 157.63 – 159.16 3.13 – 3.94 7.72 – 8.54 7.11 – 8.15
TS2000 75.87 1.31 60.32 7.57 158.22 3.27 7.87 7.29

ACCMIP 89.48 5.48 64.61 20.93 172.22 10.59 15.16 17.02
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S2 Additional figures

Figure S1: Annual mean sea surface temperature climatology in K (1995-2004) as simulated with the CMCC Cli-
mate Model (historical CMIP5 simulation) compared to HadISST used in the ACCMIP and TS2000 simulations,
respectively. Top left: CMCC SICs on the ORCA coordinates interpolated to a T42 grid; Top right: HAdIIST
data on a T42 grid; Bottom left: CMCC SICs in T42 masked with the ECHAM sea-land mask; Bottom right:
differences between HAdIIST data on a T42 grid and CMCC SICs in T42 masked with the ECHAM sea-land
mask.
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Figure S2: Seasonal mean of zonally averaged temperature profile for the TS2000 simulation in comparison to
ERA-Interim. Clockwise from top-left: MAM, JJA, DJF, SON. Differences between the two fields that are not
statistically significant according to the 95% confidence level are marked gray.
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Figure S3: As in Fig. 9, for JJA mean.
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Figure S4: As in Fig. 1, for northward wind.

7



Figure S5: As in Fig. 2, for northward wind.
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Figure S6: As in Fig. 1, for geopotential height. Note that the 500 hPa level in considered instead of 200.

9



Figure S7: As in Fig. 2, for geopotential height.
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Figure S8: As in Fig. 1, for specific humidity. Note that the 400 hPa level in considered instead of 200.
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Figure S9: As in Fig. 2, for specific humidity.
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Figure S10: Annual mean clear-sky outgoing longwave radiation at TOA from SRB (upper left), differences
from SRB data to CERES-EBAF data and to the EMAC simulations. The values on top of each panel show the
global (area-weighted) average, calculated after regridding the data to the horizontal grid of the model.

Figure S11: As in Fig. S10, for all-sky outgoing longwave radiation.
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Figure S12: As in Fig. S10, for all-sky reflected shortwave radiation.

Figure S13: Zonal mean total ozone climatology for DJF, MAM, JJA, SON and the annual mean for the EMAC
simulations compared to NIWA and GTO-ECV. Shaded areas indicate the ±1σ interannual variability.
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Figure S14: Location of the Tilmes ozonesondes stations used for the plots in Fig. 15. The horizontal lines
delimit the three regions considered in the analysis: tropics, NH and SH extratropics.
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Figure S15: As in Fig. 16, for C2H4.
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Figure S16: As in Fig. 16, for C2H6.
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Figure S17: As in Fig. 16, for C3H6.

Figure S18: As in Fig. 16, for C3H8.
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Figure S19: As in Fig. 16, for CH3COCH3 (acetone).
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