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The models that did not completely follow the requirements for this paper described in Sect. 2
are shaded in gray. This concerns the following models: DLR, KYU, LOA, ARQM, as well as
UIO_GCM.



Figure Captions

Fig. S1. Emissions [Tg/a] in all models for DU, SS, SO4, BC, POM, and AER (a). For SO4, we show the
sum of direct emission and chemical production in ExpA and ExpB. Diversity plots for emissions in ExpA (b)
and ExpB (c). The diversity ranges Div =+ standard deviation ) are indicated by gray boxes, the diversities

are given in gray in the lower part of the plot for each species. The individual models’ deviations from the all-
models-averages are plotted as pink lines ('data’), or as pink numbers if they are outside the scale of the plot.
The all-models-averages are indicated by a black star (at 0%) and the medians by a black line (i.e., deviation of
the median from the all-models-average). The numbers of models included in the calculation of this statistics
are shown in blue below the x-axis.

Fig. S2. Annual mean emissions averaged over longitudes (left plots) and averaged over latitudes (right plots)
in [mg/m?/day] for SS, DUST, SO4, BC, and POM, respectively, in the models considered for the statistics in
ExpA and ExpB. For SO4, we show the sum of direct emission and chemical production in ExpA and ExpB.

Fig. S3. Diversity plots of the sources of sulfur species in a) Experiment A and b) Experiment B. From left

to right: SG emissions, DMS emissions, sum of presursor{%6d DMS) emissions, sum of precursor loss

by deposition, direct SO4 emissions, chemical production of SO4 in the gas and in the aqueous phase, total
chemical production, and the sum of all sources. Please note that we only consider the three models that
provided both chemical production and precursor gas emissions in both experiments LSCETMIGnd

ULAQ. The diversities of the individual processes have to be weighted by their relevance for the total SO4
source in order to be compared. For explanations of the plot, please refer to the caption of Fig. S1.

Fig. S4.Global, annual average aerosol mass [Tg] of the five aerosol species in ExpA and B.

Fig. S5.Column load of total aerosol inip/m?] (annual averages) in ExpB for the models using the AeroCom

emissions. Please note, that we use a non-linear color scale.

Fig. S6.Zonally averaged vertical concentration of total aerosopig/in’] (annual averages) in ExpB for the
models using the AeroCom emissions. Please note, that we use a non-linear color scale. The white shading of
lowest layer above ground in some models indicates that no data have been available in this layer.

Fig. S7. Diversity plots of the annual average aerosol fractions in [% ] of total mass in polar regions in ExpA
(a) and ExpB (b). For explanations please refer to the caption of Fig. S1.

Fig. S8.Diversity plots of the global, annual average fractions in [% ] of total mass above 5 km altitude for the

AeroCom models in ExpA (a) and ExpB (b). For explanations please refer to the caption of Fig. S1.



Fig. S9. Global, annual average mass fractions in [%] in different height levels (0-1, 1-2.5, 2.5-55L00,
km) for the AeroCom models in ExpA and ExpB for for SS, DUST, SO4, BC, and POM, respectively.

Fig. S10.Diversity plots for residence times in ExpA (a) and ExpB (b), for explanations of the plot please refer
to the caption of Fig. S1.

Fig. S11. Contribution of the individual removal processes to the total sink mass flux (annually and globally
averaged) for the AeroCom models for (a) SO4 and (b) SS in [%].The color code is given in the legend. Wet
refers to wet deposition. If possible we show the individual dry sink rate coefficients (Tur: turbulent deposition,
and Sed: sedimentation), otherwise the sum of the two processes (Dry=SedTur) is plotted.

Fig. S12.Diversities plots of the contribution of wet removal to the total sink mass flux (annually and globally
averaged) for the AeroCom models for a) ExpA and b) ExpB. For explanations please refer to the caption of
Fig. S1.

Fig. S13. Mass fraction [%] in the fine mode (radiys 0.5 m) for DU, SS,and AER (a). Diversity plot for
size fractions in ExpA (b) and ExpB (c), for explanations please refer to the caption of Fig. S1.

Fig. S14.Effective sink rate coeffcients (annually and globally averaged) for the AeroCom models and for the
aerosol species under consideration. The color code is given in the legend: Kwet refers to the wet deposition
rate. If possible we show the individual dry sink rate coefficients (Ktur: turbulent deposition, and Ksed: sed-
imentation), otherwise the sum of the two processes (KSedTur) is plotted. Please note that the ordinates have
different scales.

Fig. S15.Diversities plots of the globally and annually averaged effective sink rate coefficients for wet deposi-
tion (upper row) and dry deposition (lower row). Left plots: exp A, right plots: exp B. For explanations please
refer to the caption of Fig. S1.

Fig. S16.Mass fractions of global annual convective in relation to total wet deposition (convective + stratiform)
(a). Diversity plots for mass fractions of global annual convective in relation to total wet deposition in EXpA

(b) and B (c). For explanations please refer to the caption of Fig. S1.

Fig. S17.Annual mean aerosol optical depth at 550nm in the AeroCom models for the species under considera-
tion in ExpA and ExpB (a). Diversity plots for aerosol optical depth in ExpA (b) and ExpB (c), for explanations
of the plot please refer to the caption of Fig. S1.
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Fig. S1. Emissions [Tg/a] in all models for DU, SS, SO4, BC, POM, and AER (a). For SO4, we show the
sum of direct emission and chemical production in ExpA and ExpB. Diversity plots for emissions in ExpA (b)
and ExpB (c). The diversity ranges Div =+ standard deviation ) are indicated by gray boxes, the diversities
are given in gray in the lower part of the plot for each species. The individual models’ deviations from the all-

models-averages are plotted as pink lines ('data’), or as pink numbers if they are outside the scale of the plot.
The all-models-averages are indicated by a black star (at 0%) and the medians by a black line (i.e., deviation of

the median from the all-models-average). The numbers of models included in the calculation of this statistics

are shown in blue below the x-axis.
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Fig. S2. Annual mean emissions averaged over longitudes (left plots) and averaged over latitudes (right plots)
in [mg/m?/day] for SS, DUST, SO4, BC, and POM, respectively, in the models considered for the statistics in

ExpA and ExpB. For SO4, we show the sum of direct emission and chemical production in ExpA and ExpB.
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Fig. S3. Diversity plots of the sources of sulfur species in a) Experiment A and b) Experiment B. From left

to right: SG emissions, DMS emissions, sum of presursor{&6d DMS) emissions, sum of precursor loss

by deposition, direct SO4 emissions, chemical production of SO4 in the gas and in the aqueous phase, total
chemical production, and the sum of all sources. Please note that we only consider the three models that
provided both chemical production and precursor gas emissions in both experiments LSCETMIGnd

ULAQ. The diversities of the individual processes have to be weighted by their relevance for the total SO4
source in order to be compared. For explanations of the plot, please refer to the caption of Fig. S1.
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Fig. S4.Global, annual average aerosol mass [Tg] of the five aerosol species in ExpA and B.



a) b)
GISS_B LOAD_AER 7.85074E+01 mg/m~2
90 T T T T T T T

Latitude

-180 -135 -90

Latitude

o
Longitude

e) f)
ULAQ_B LOAD_AER 6.12579E+01 mg/m~2
90 T T T T T T T mg/m~2

1000.0

500.0
250.0
100.0
50.0

25.0

Latitude

10.0
5.0
25
1.0
Q0.5

Q.0

Latitude

Latitude

Latitude

-180 -135 -90 -45

LSCE_B LOAD_AER 7.77725E+01 mg/m~2
T

UMI_B LOAD_AER 5.48399E+01 mg/m~2
90 T T T T T T T mq/m2

1000.0

500.0
250.0
100.0
50.0
25.0
10.0
5.0
25
1.0

0.5

0.0

-180 -135 -90 -45 0 45 90 135 180
Longitude

Fig. S5.Column load of total aerosol infg/m?] (annual averages) in ExpB for the models using the AeroCom

emissions. Please note, that we use a non-linear color scale.



a) b)

GISS_B CONCZON_AER 1.08053E+00 wg/m? LSCE_B CONCZON_AER 1.51877E+00 ug/m*

ug/m* ug/m?

100.00 100.00

50.00 50.00

25.00 25.00

10.00 10.00

[ 7.50 7.50
L 5.00 5.00
[ | |20 : 2.50
1.00 1.00

0.75 800 0.75

0.50 0.50

0.25 90 0.25

10001 L1 | 1 L [ 0.00 1000 0.00

-90. -60. -30. 0. 30. 60. -90. -60. -30. 0. 30. 60. 90.
Latitude Latitude

=
o
S

N
=3
S

w
S
=]

s
S

o

o

1<)
T

500

-3
o
S

@
o
(=]
T

Height [mbar]

Height [mbar]

~
o
S
~
o
S

c) d)

MOZGN_B CONCZON_AER 1.65366E+00 ;Lg/m3 UIO_CTM_B CONCZON_AER 1.92221E+00 /.J.g/m3
3

ug/m? wg/m
100.00 100.00

50.00

25.00

10.00
7.50
5.00
k 2.50
1.00
800 800 075
0.50
9007 900 0.25
1000 = L L L L L 0.00 1000 1 0.00

- A 0. -60. -30. 0. 30. 60. 90.

90. -60. -30. 0. 30. 60. -90.
Latitude

o N @ N
=3 =) S S 9
=] S S S o
a
Q
S

-3
=1
=]

Height [mbar]
@
[=]
o

Height [mbar]

~
=3
=]
~
=]
S

Latitude

e) f)

ULAQ_B CONCZON_AER 1.87560E+00 ug/m?* UMI_B CONCZON_AER 6.85888E—01 ug/m>
ug/m? ug/m?
100.00 100.00
50.00 50.00
25.00 25.00
10.00 10.00
7.50
500
5.00
> 600 250
700 1.00
0.75
800
900 0.25
Lo L L L L 1000 L1 L L L L1 0.00
0. 0. -60. -30. 0. 30. 60. 90.

-90. -60. -30. 0. 30. 60. el -90. A
Latitude Latitude

a IS w N
=3 S S S 9
S S S S o

@
1<
S

Height [mbar]
Height [mbar]

~
=}
S

Fig. S6.Zonally averaged vertical concentration of total aerosopig/i’] (annual averages) in ExpB for the
models using the AeroCom emissions. Please note, that we use a non-linear color scale. The white shading of
lowest layer above ground in some models indicates that no data have been available in this layer.

10



a)
Diversity Loadfraction above 5km
100 T T T T T
60— —
20 » N
5 * * * * * *
20 S B = = =)
60 — —
100 6% 11 30 54 58 54
Q, S, S & A
7 (/'S') 6 79% 7€ 7%

b)

— data

¥ mean

7] — median

+Div

Diversity

4
6% # models

100

60

20

[26]

-20

-60

-100

Diversity Loadfraction above S5km
1d3 231 ' ' ' 102
¥ * * * *

61 128 28 53 53 62
ko) S S &
7%r 68 7% 7€

— data

X mean

7| — medion

+Div

Diversity

Fig. S7. Diversity plots of the annual average aerosol fractions in [% ] of total mass in polar regions in ExpA

(a) and ExpB (b). For explanations please refer to the caption of Fig. S1.
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averaged) for the AeroCom models for a) ExpA and b) ExpB. For explanations please refer to the caption of

Fig. S1.
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Fig. S13. Mass fraction [%] in the fine mode (radius 0.5 m) for DU, SS,and AER (a). Diversity plot for

size fractions in ExpA (b) and ExpB (c), for explanations please refer to the caption of Fig. S1.
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Fig. S14.Effective sink rate coeffcients (annually and globally averaged) for the AeroCom models and for the
aerosol species under consideration. The color code is given in the legend: Kwet refers to the wet deposition
rate. If possible we show the individual dry sink rate coefficients (Ktur: turbulent deposition, and Ksed: sed-
imentation), otherwise the sum of the two processes (KSedTur) is plotted. Please note that the ordinates have

different scales.
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Fig. S15.Diversities plots of the globally and annually averaged effective sink rate coefficients for wet deposi-
tion (upper row) and dry deposition (lower row). Left plots: exp A, right plots: exp B. For explanations please
refer to the caption of Fig. S1.

18



a)

conv/total wet dep for ALL in World
100:\ LN L LU L L LB L L L LN L
90F 3
3 = J == DUST
80 = E
70; == - o o ,_ S04
s f EE = =" Z| 3= scrom
S e0F H = =] E
g E = e
S 50F =
5 £ = =) bl ] == AER
S 40F = - E!
g0 o = ]
30 i == =l 4
200 = | 4
£ = - == = 1
108 = == E
(0] TR PRV TNV Y NN ARV AV AP PRV WY N PR
>2>20000x3A3D DT CCCCCCcCCcC
DRIECEC G35 <<0000333535668CC<%
Qo3P Pcc>>00FF33R398929»»=2=2
227808 s mmgggggggggog @
LR
b) c)
Diversity WetCV/WetDep Diversity WetCV/WetDep
100 107 ' ' ' — dota 100 117 ' ' ' ' — dota
[ _ _ 1 % mean ¥ mean
60~ — 7 — median 60~ — - = 7| — median
r — +Div — +Div
20t B - - 200 —
g Fox ¥ K X X * 4 5 * * 3 * * *
-201- - » 4 20} - 4
-60 | a g 60 - g
10052 74 65 62 55 45 Diversity 10056 81 59 56 49 39 Diversity
0, S S & A 4, 0, S S & A A,
A%, 45 4% 4% 4% 3% 4 models 4y £ 4% 4T L% 3% # models

Fig. S16.Mass fractions of global annual convective in relation to total wet deposition (convective + stratiform)
(a). Diversity plots for mass fractions of global annual convective in relation to total wet deposition in ExpA

(b) and B (c). For explanations please refer to the caption of Fig. S1.
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Fig. S17.Annual mean aerosol optical depth at 550nm in the AeroCom models for the species under considera-
tion in ExpA and ExpB (a). Diversity plots for aerosol optical depth in ExpA (b) and ExpB (c), for explanations
of the plot please refer to the caption of Fig. S1.
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