SurfgcesS04s M@EsS {anre Mmaean)
SRR P 2

—-135 -390 —45 0 45 90 135

Surfigce dN30sconcn £anmke Mean)

HadGEM3UKCA_AKWXS_2000

og

(ugS/m3)
10.0000

Surfncao BCasmass (@nnsmeagn)

—-135 -390 45

(per cc) Surfagee -N10G concnss(ang. nean)
10000.0

5000.0

2000.0
1000.0
500.0

og

200.0
100.0
50.0

20.0

0¢—

09

1000.0
500.0

200.0
100.0
50.0

20.0
10.0
5.0

1.0
0.5

0.2
0.1



Sur@@cegoSO%s M@ss z{sdurho mean)

Surkacae BCismass wunsome@n
| I _

—-135 -390

HodGEM3UKCA_AKWXS_ZOOO

Surﬁ@cechBQ»S concn £June mean)

(per cc)
10000.0

5000.0

2000.0
1000.0
500.0

200.0
100.0
50.0

20.0

Surface HN10@ cancnas(Jus. neean)

1000.0
500.0

200.0
100.0
50.0

20.0
10.0
5.0

1.0
0.5

0.2
0.1



90 135

Surfgce dN30sconcn £LDec mean)

og

HadGEM3UKCA_AKWXS_2000

(per cc)
10000.0

5000.0

2000.0
1000.0
500.0

200.0
100.0
50.0

20.0

—-135 -390 45

Surfgee -N10@ concnes(Des. nean)

1000.0
500.0

200.0
100.0
50.0

20.0
10.0
5.0

1.0
0.5

0.2
0.1



surface DMS (air) conen (pptv)

surface SO2 (air) concn (pptv)

Amsterdam Island 38S, 78E At Cape Grim 42S, 145E At Dumont Durville 140E, 66S
L B L L B B T L B

400 T T T T T T 400 T 400 L B N
CI) b vs obs: -0.09 C) b vs obs: -0.09 0.82
R vs obs: 0.65 = R vs obs: 0.65 £ 0.84
300 1 & 3s00F 1 & s00fF
G G
s 5
o o
200 B § 200 B E 200
2] 2]
= =
(=) (=)
8 8
100 F 1 2 100 £ 100F
s+t
Ol v v b v v by v e v 0 0L
0 2 4 6 8 10 12 0
month month
Amsterdam Island 38S, 78E At Cape Grim 42S, 145E
0 1 L L R B 100 N T 1 T 77 N IR
b) b vs obs: 0.55 d\) | “bvsabsgi| 77,16
80 R vs obs: 046 | = g ' ! Ruws bbd: 0BT |
[e% M . f
+ o v Fooihy
5 [ P b
eor 1 8 seor | 1,\\|3 St
= V! R A L
) N \‘ | ’I\ J‘/
40 47 § 401 oy ool \‘\/ ]
§ \.\ 'I t ,'/
20} 1 5 20} ’ v E
T+ + 3 ! < N
T4+ F + + T+
Ol v v b v v b v 0 “‘\+‘+\+‘+\+‘+\+‘+\“‘
0 2 4 6 8 10 12 0 2 4 6 8 10 12

month month



Annuel mean SO2 MAsSse Copc.
] I

S02 mass concn (ugS m™>) for model

Annual mean SO2 mass conc.

HadGEM3UKCA_AKWXS_2000 Vs EMEP,CASTN

Amﬁbuqbome@ muﬁ@?n 9SS 7dC OB

(ugs m™)
10.000

5.000
2.000

1.000
0.500

0.200
0.100
0.050

0.020

0.010
0.005

0.002
0.001

S02 mass concn (ugS m™>) for model

10.000 T ‘ —
- ¢) ﬁ g
| b vs obs: .9 ﬁl‘ﬂ%+ j
100 R vs obs: 0.6 # ) E
: + i* - z
+
0.100 E
0.010F E
0.001 Ll Lol P | L
0.001 0.010 0.100 1.000 10.000
02 moss oncn _i_ugS m™) for observations
Annual mean SO2 mass conc.
10.000 )‘ T
L b vs obs: 79 +#
100k R vs obs: ﬁ #F J
0.100 E
0.010F E
0.001 Ll Lol P | L
0.001 0.010 0.100 1.000 10.000

S02 mass concn (ugS m™) for observations



Ju

n mean SO2 mass conc.

—30JUBo Medn SOZo MaSS $0N&.
— —

r [T] WO.OOOE T T A
a : ' e + .+ 3
) o ) . T,
T I bvsobs: 2.05 S
"""""" € ;0L R vs obs: 0.59 e |
3 ‘ T ]
"""""" ‘2 i + A ]
777777777 e [ Ras ]
% 0.100¢ ’ + E
é 0.010F E
5 ;
0001 L e it

0.001 0.010 0.100 1.000 10.000

02 mossfoncn _i_ugS m™) for observations

HadGEM3UKCA_AKWXS_2000 Vs EMEP,CASTNE

(ugS m™) Jun mean SO2 mass conc.

10.000 10.000 T T =
d) EN
bvsobs: 1.05 4 .~
1oL R vs obs:  0.77 F+

5.000

2.000
1.000

0.500

0.200
0.100 0.100

0.050

0.020

0.010 0.010

S02 mass concn (ugS m™>) for model

0.005

T
ol

0.002

0.001 0.001 Ll | M| L
-130 -120 -110 0.001 0.010 0.100 1.000 10.000
S02 mass concn (ugS m™) for observations




Decmmea
—

=130

=120 -110

HaodGEM3UKCA_AKWXS_2000 Vs EMEP,CAS

5 50 2-ofNA®S GO NGo
I I

-100

(ugs m™)
10.000

5.000
2.000

1.000

0.500

0.200
0.100

0.050

0.020

0.010

0.005

0.002
0.001

S02 mass concn (ugS m™>) for model

S02 mass concn (ugS m™>) for model

10.000 F " T T T T T T
E ’H’ |
F + ]
r C) - =i
|l b vs obs: 1.52 i P
1000k R vs obs: 0.75 J”ﬁ, i
? L S
I + 1
O.WUO? E
0.0WO? E
0.001 PR Ll M | N
0.001 0.010 0.100 1.000

10.000 T
) A
| b vs obs: -0.24 na 4

1000k R vs obs: J0.4‘875 f J

O.WUO? E

0.0WO? E

0.001 Ll Ll PR | L

0.001 0.010 0.100 1.000

Dec mean SO2 mass conc.

02 mossfoncn _i_ugS m™) for observations

NE

Dec mean SO2 mass conc.

10.000

S02 mass concn (ugS m™) for observations

10.000



Annsalsnean SO4 310ss CORC. (ugsS m™) Annuel mpean SO 0SS CopC. (ugsS m™)
g T T g

10.000 R— — 10.000
5.000 bg 5.000
2.000 2.000

g
1.000 1.000
0.500 B 0.500
0.200 ol 0.200
8
0.100 0.100
ol
0.050 © 0.050
0.020 2 0.020
0.010 5 0.010
E
0.005 0.005
3
0.002 0.002
0.001 0.001

(ugS m™) Annual mean SO4 mass conc.
10.000 10.000 f— T

d)
b vs obs: -0.23 /
1000 R vs obs: 0.85 L

W
LR

5.000

2.000

1.000

0.500

0.200

0.100 0.100

0.050

0.020

0.010 0.010

S04 mass concn (ugS m™>) for model

0.005

T

0.002

0.001 0001 Lt
-130 -120 -110 -100 -90 -80 -70 -60 0.001 0.010 0.100 1.000 10.000
S04 mass concn (ugS m™) for observations




Jign e dns SO MigSS of O Nis.

HodGEM3UKCA_AKWXS_2000 Vs

Jdyn_mneas 304-sNasS GO Nt
I I I

(ugs m™)
10.000

5.000
2.000

1.000

0.500

0.200
0.100

0.050

0.020

0.010

0.005

0.002
0.001

S04 mass concn (ugS m™>) for model

EMEP,IMPRQOV,U.Miami

Jun mean SO4 mass conc.

10.000 T T T T T I
- d) s
| b vs obs: —-0.16 + A ]

1000 R vs obs: 0.74 LA
E . 7¢ ]

o.wuoz— - 3

0.0WO? E

0.001 Ll Ll PR | L

0.001 0.010 0.100 1.000

S04 mass concn (ugS m™) for observations

10.000

(ugs m™)
10.000




Dac means SO4 MgssaCong. (ugS m™) —3DeGo Medn oS04y MaSS HLONgG. (ugS m™)

10.000 10.000
5.000 bg 5.000
2.000 2.000

g
1.000 1.000
0.500 B 0.500
0.200 ol 0.200
8
0.100 0.100
ol
0.050 © 0.050
0.020 2 0.020
0.010 5 0.010
E
0.005 0.005
3
0.002 0.002
0.001 0.001

(ugS m™) Dec mean SO4 mass conc.
10.000 10.000 f— T

d)

b vs obs: -0.30

;o000 R vs obs: £,55
N s dy g

+ AR
e

5.000

2.000
1.000

0.500

0.200

0.100 0.100

0.050

0.020

0.010 0.010

S04 mass concn (ugS m™>) for model

0.005

T

0.002

0.001 0001 i i i
-130 -120 -110 -100 -90 -80 -70 -60 0.001 0.010 0.100 1.000 10.000
S04 mass concn (ugS m™) for observations




) Annual mean EC mass conc.

10,000 T g
- ¢C) :
T l b vs obs: -0.41 i
3
€ 100 R vs obs: 0.42 4
3 i + tr E
2 0.100F i 4
c £ ]
5 F 1
e
o r 4
2
¢ [ ]
2
g oolog E
O E ]
[} r ]
o —— 0.001 Ll Lol | L
—-130 =120 -110 -100 -90 -80 -70 -60 0.001 0.010 0.100 1.000 10.000

s concn (ugC m™) for, observations

HadGEM3UKCA_AKWXS_2000 Vs IMPROVE and Van' Bingenen

surfacepECramass Goncw (SepOnt Cﬁ‘uﬁ) (ugC m™) surface EC mass conc. (SepOct mean)
] — e 10.000 10.000 T

d)
b vs obs: -0.00
1000k R vs obs: 0.36

5.000

2.000

1.000

0.500

0.200

0.100 0.100

0.050

0.020

0.010 0.010

EC mass concn (ugC m™) for model

0.005

T

0.002
0.001

0001 i i i
0.001 0.010 0.100 1.000 10.000
EC mass conen (ugC m™) for observations




) Annual mean OC mass conc.
10.000 T

c)
b vs Obs: ##*xx#
1000k R VS ODS: #####+

T
T

OC mass concn (ugC m™) for model

0.100F 4
0.010F 4
0.001 ri i il i et
0.001 0.010 0.100 1.000 10.000
QC mass conc gC m™) for observations
HadGEM3UKCA_AKWXS_2000 Vs IMPROVE™ 2600
(ugC m™) Annual mean OC mass conc.
10.000 10.000 T g
5.000 r d) L b
2.000 3 [ b vs obs: -0.52 + ]
1.000 € 100k R vs obs: 0.56 jﬁﬁ E
0.500 2 r s 1
0.200 E F 1
(&)
0.100 5 0100 E
0.050 5 F . ]
2
o F 4
3
0.020 - t f
2
0.010 g oolop g
0.005 8 F ]
0.002 t .
0.001 0.001 ri i il i et
-120 -110 -100 0.001 0.010 0.100 1.000 10.000

OC mass conen (ugC m™) for observations



) Jun mean OC mass conc.
10.000 T

c)
b vs oObs: ###%+#
1000k R VS Obs: ###s#+

0.100

0.010

OC mass concn (ugC m™) for model

T

0001 i i i
0.001 0.010 0.100 1.000 10.000
onen %QC m™) for observations

HadGEM3UKCA_AKWXS_2000 Vs IMPROVE 200

“daninedn o BnaSs CoNCeo (ugC m™) Jun mean OC mass conc.
- E— — I
& 3 ‘ ‘ ‘ ; 10.000 10.000F T T T
b} a LA 5.000 5 d) . 3
® ' y g g 2.000 T l b vs obs: -0.20 + ++ E
g WLy e S " L
1.000 € 1o00r R vsobs: 0.67 AT J
< 5 £ + ]
< 0.500 2 5 K ]
; ) ! 4 [ ]
ol - - - 0.200 £ F 1
(&)
0.100 S 0.100f E
e T - AR R G ~ £ E
0.050 5 5 . ]
g
N DR ... WY AR 8 [ ]
" 0.020 . t f
2
© o 0.010 g oolop E
o £ ]
0.005 8 F ]
N “F - [ ]
0.002 r .
0.001 0.001 PR | | N
-130 -120 -110 -100 0.001 0.010 0.100 1.000 10.000

OC mass conen (ugC m™) for observations



) Dec mean OC mass conc.
10.000 T

c)
b vs oObs: ###%+#
1000k R VS Obs: ###s#+

0.100

0.010

OC mass concn (ugC m™) for model

T

0001 i i
0.001 0.010 0.100 1.000 10.000
onen %QC m™) for observations

HadGEM3UKCA_AKWXS_2000 Vs IMPROVE 200

(ugC m™) Dec mean OC mass conc.
10.000 10.000 f— T

d)

b vs obs: -0.75 .
R vs obs: 0.50 s

1.000 7 J’:}Q

e TR

5.000

2.000

1.000

0.500

0.200

0.100 0.100

0.050

0.020

0.010 0.010

OC mass concn (ugC m™) for model

0.005

T

0.002

k \ 0.001 0.001 Ll | Ll L
—-130 -120 -110 -100 0.001 0.010 0.100 1.000 10.000
OC mass conen (ugC m™) for observations




dN/dlog,er / cm™?

dN/dlog,gr / cm™?

MBL sizdis (—90.0,—75.0)
10000 ¢ 3
1000 ¢ 3
100 ¢ 1
10¢ E
1 Il L
10 100
dry radius (nm)
MBL sizdis (—45.0,—30.0)
10000 ¢ 3
1000F 7N ]
N
// \ s \
100 ¢ \ 3
/l '
10¢7 Y
I
1 Il L
10 100

radius (nm)

dN/dlog,er / cm™?

dN/dlog,er / cm™?

MBL sizdis (—75.0,—60.0)
10000 ¢ 3
1000 ¢ ~ 3
7N
/ \
100y AN
/ \
/
10 ]
l
1 Il L
10 100
dry radius (nm)
MBL sizdis (—30.0,—15.0)
10000 ¢ 3
N
/ N\, \
100r ! N
/ \
/ \
10¢ ]
1
1 I L L
10 100
dry radius (nm)

dN/dlog,or / cm™?

dN/dlog,or / cm™?

MBL sizdis (—60.0,—45.0)
10000 ¢ 3
1000f - .
100 L ' \ 7 -7 N\ 4
/ \
/ \
10 \
/
1 Il L
10 100
dry radius (nm)
MBL sizdis (-=15.0, 0.0)
10000 ¢ 3
1000 ¢ 3
Y - ~ _ 7N \
100 ¢ / \]
/
/
10¢ E
1 I Il L
10 100

dry radius (nm)



dN/dlog,er / cm™?

dN/dlog,gr / cm™?

MBL sizdis ( 0.0, 15.0)

10000

1000

100

10

MBL sizdis ( 45.0, 60.0)

10000

1000

100

10

10 100
dry radius (nm)

10

dry

100
radius (nm)

dN/dlog,er / cm™?

dN/dlog,er / cm™?

MBL

10000

1000

100

10

MBL sizdis ( 60.0, 75.0)

10000

1000

100

1

sizdis ( 15.0, 30.0)

10 100
dry radius (nm)

10
dry

100
radius (nm)

dN/dlog,or / cm™?

dN/dlog,or / cm™?

MBL sizdis ( 30.0, 45.0)

10000 :
1000 :
~ N /\
/ N \
100y 7/ \
/ \
/
10+ :
/
1 I L L
10 100

dry radius (nm)

MBL sizdis ( 75.0, 90.0)

10000 ¢ 3
1000 ¢ E
; - N
100F 7/ -~

/ \
/
10 E
1/ L L
10 100

dry radius (nm)



dN/dlog,er / cm™?

dN/dlog,gr / cm™?

MBL sizdis (—90.0,—75.0)

10000

1000

100

10

MBL sizdis (—45.0,—30.0)

10000

1000

100 &

10

10 100
dry radius (nm)

10 100
dry radius (nm)

MBL

10000 ¢
1000 ¢
100

10

dN/dlog,er / cm™?

Jan Apr

10 100
dry radius (nm)

L

10 100
dry radius (nm)

sizdis (=75.0,-60.0)

sizdis (—30.0,—15.0)

dN/dlog,or / cm™?

dN/dlog,or / cm™?

MBL sizdis (—60.0,—45.0)

10000

1000

100

10

Oct

Nov

D
WBL sizdis (-15.0, 0.0)

10000

1000

100

10

10 100
dry radius (nm)

1

10 100
dry radius (nm)




dN/dlog,er / cm™?

dN/dlog,gr / cm™?

MBL
10000 ¢

1000 ¢

100

o

1000 ¢

100K

10¢

10 100
dry radius (nm)

MBL sizdis ( 45.0, 60.0)
10000 ¢ 3

10 100
dry radius (nm)

sizdis (0.0, 15.0)

dN/dlog,er / cm™?

Jan
Feb

Mar

dN/dlog,er / cm™?

MBL sizdis ( 15.0, 30.0)

10000 ¢

1000 ¢

100

100

Apr

10 100
dry radius (nm)

10000 ¢

1000 ¢

100 ¢

o

MBL sizdis ( 60.0, 75.0)

10 100
dry radius (nm)

dN/dlog,or / cm™?

dN/dlog,or / cm™?

MBL sizdis ( 30.0, 45.0)

10000 ¢

1000 ¢

100

o

Oct

Nov

1000 ¢

100

10¢

10 100
dry radius (nm)

D
WBL sizdis ( 75.0, 90.0)
10000 ¢ 3

10 100
dry radius (nm)



CN num conc (ocean points) (HeintzOOFig2): HadGEM3UKCA_AKWXS_2000
1500 ‘ T T T T ‘ T T T T ‘ T

1000 ]

number concentration (cm™)

500

Latitude



number concentration (cm™)

1500

1000

500

CN num

conc (ocean
T T

points) (HeintzOOFig2): HadGEM3UKCA_AKWXS_2000
T T ‘ T T T T ‘

Latitude



number concentration (cm™)

Aitken mode num conc (modes —— ocean points): HadGEM3UKCA_AKWXS_2000
1000 T T ‘ T T T T ‘ T T T T ‘ T T T

800 —

600

400 N

200

0 \

-50 0 50
latitude




number concentration (cm™)

Aitken mode num conc (range —— ocean points) : HadGEM3UKCA_AKWXS_2000

1000 ‘ ‘ \ \

800

600

400

200

‘ L
-50 0 50
latitude




number concentration (cm™)

T

500

400

300

200

100

Accumn mode num conc (modes —— ocean
T ‘ T T T ‘ T

points) : HadGEM3UKCA_AKWXS_2000

latitude

50



number concentration (cm™)

L

500

400

300

200

100

0

1

Accumn mode num conc (range —— ocean points) : HodGEM3UKCA_AKWXS_200
T T T ‘ T T T _-\ ‘ T T T

-50 0 50
latitude



pressure (hPa)

pressure (hPa)

Mode\ cf PZOQ obs med\om N Dp> 5mm)

¥
x

400 —

I ¥
: *
600 — *
[ ¥
BOO;
- a) —%
1000 . 1 Ll A

M M| N
10 100 1000 10000
N (em™) [ambient]

Model cf PzO2 obs. median N(Dp>120nm)
T T oo T oo

M LN M
10 100 1000 10000
N (em™) [ambient]

pressure (hPa)

Model cf Pz02 obs. median N(Dp> 15nm)
T T N T T oo

200

400 —

600 —

800 —

1000

o M| M
100 1000 10000
N (em™) [ambient]

HadGEM3UKCA_AKWXS_2000
Profiles of size—resolved Num C

Vs Aircraft Obs(PetzoId et al 2002)
month:July, August




pressure (hPa)

pressure (hPa)

200

400

600

800

2007

Model cf Pz02 obs. median N(Dp> 5nm)
T e —— s

N (em™) [ambient]

Model cf PzO2 obs. median N(Dp>120nm)
T T oo T oo

X ;é‘ T

L N
1000 10000
N (em™) [ambient]

pressure (hPa)

Model cf Pz02 obs. median N(Dp> 15nm)
T . T J T T oo

200

400 —

600 —

800 —

1000

v

N (em™) [ambient]

HadGEM3UKCA_AKWXS_2000

Profiles of size—resolved Num Conc
Vs Aircraft Obs(Petzold et al,2002)
All months




altitude (km)

altitude (km)

Model cf CKO2 obs. mean CNprof in tropics (20S—20N)

15 T

- a) ]

! R ]
10—

s
0 | . N | |
10 100 1000 10000
CN (cm™) [at STP]
Model cf CKO2 obs. mean CNprof in S.H. (20—70S)
15 T —— T —— ‘

- ¢) ]
10— -
s _

L ¢ 1

L — 1
0 | N/ | | P
10 100 1000 10000

CN (ecm™) [at STP]

altitude (km)

Model cf CKO2 obs. mean CNprof in N.H. (20—70N)

b)

100 1000 10000
CN (cm™) [at STP]

HadGEM3UKCA_AKWXS_2000

Profiles of Ultrgfine CN .
Vs Aircraft Obs(Clark & Kapustin,2002)
Annual Mean




Model cf CKO2 obs. mean CNprof in tropics (20S—20N) Model cf CKO2 obs. mean CNprof in N.H. (20—70N)
T T T oo T oo T T T AR T oo T T - y

15 T 15 ~N
- a) ]
10
B Tor
=< < L
) )
° ° L
= =
E N
5
i 0 L L
10 100 1000 10000 10 1000 10000

CN (cm™) [at STP]

CN (cm™) [at STP]

Model cf CKO2 obs. mean CNprof in S.H. (20—70S)
T T T oo T L T

15
HadGEM3UKCA_AKWXS_2000
Profiles of Ultrgfine CN
Vs Aircraft Obs(Clark & Kapustin,2002)
All months

10

G
5
(¢} ‘ N

10 100 1000 10000
CN (ecm™) [at STP]



