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Fig. S1. (a) The vertical profiles of CO and O3 (mean+c) in 400m altitude bins; (b) the CO/O3
ratio as a function of height; (c) the lowest 5™ percentile of CO in each altitude bin, with the
black line showing the CO background values as used to calculate ACO in this study.



Flight B759
1 AS

1 NA

I T T T T T T T :
20;1)%}%%13 date and time 15:00

B
2000 Flight B760
B AS —— ey
S -
£6000 .
I sl
2 4000 o
<2000 :
I C0R S
0
200
o II‘
S50
£100 - ]‘ ‘ r'l |
g | \ L
a i A[¥)/ -
m 50 | R ‘ i "i ; It I.l
0 T T T T T T T T T T T T T T E!
09:00 12:00 . 16:00
21/03/2013 date and time
C
— 7 Flight B761
I i m AS
6000 AS
. H NA
S sl
£ 4000 s
S j—ii
o u
0
— 1400
200
— Org —12008
"E 150 , —— S04 1000 &
& | N 800 o
2 100 SR RN i g
g WY | | ,‘ 600 3
Q504 . ‘*""m."' | LI 400 g
' ' ) i 200
\ ikt wm wqu
0 e e R Lo

12:00 13:00 14:00 15:00 16:00
22/03/2013 date and time



—_ Flight B762
. - B AS
6000 EU
= 1 NA
;4000 Sl
.S — CL
=
2000
0
— 2000
— | [0}
e 60 — 1500 g
2 o
g 2
= 40 — 1000g
& | 1 b
£ Q
f o)
% 20 — ‘ I v — 500 i“
Nl
0 T T —— =0
12:.00
23/03/2013 date and time
E
N e
EGOOO —
@
E 4000 —
< 2000
0 ~— I
Flight B763 .
o H AS I
E 150 — EU S04 20009
& —— Org
=i H NA 15005
+ 100 — | sl b=
E | cL [ 10002
o 50 — g | u «M“ o L ) o . £ 5 I m} 500 EE’?
2 L L T T q 5
[ e e e e I o e ESLL L L Y D O e e e e e e T 0 LI L N O o 0
10:00 11:00 12:00 13:00 14:00 15:00
26/03/2013 date and time

Fig. S2. In each graph, top panel shows the altitude and FLEXPART FPES fractions for each
source region, the plume locations during SLR are marked as Roman numerals along the
flight altitude track; the bottom panel shows the time series of BC mass, CO concentration,
mass of organic matter and sulphate. (a) to (e) represents the data for different flights. Note
that the AMS data was not available for the flight B759 and B760.
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Fig. S3. The BC anthropogenic emission inventories in Mar. 2010 from HTAPv2 for the

following sectors (a) residential activity, (b) transport, (c) industry, (d) energy and (€) flaring
. Note the (b), (c) and (d) use the same legend

colour scale.
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Fig. S4. A summary of all plumes and profiles. Columns (a) to (e) show the BC mass, ACO, BC D,/D,, the mass of sulphate and organic matter
respectively. The larger markers with error bar show data collected in plumes during straight and level runs and the small markers show data collected
during profiles. Each marker shape denotes the flight index and these shapes are applied to all of the plumes and profiles. Note for Clean Air periods,

the altitude scale extends to only 3km.
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Fig. S5. Average characteristics of sampled air parcel plumes arriving at receptor locations
along 12 day backward trajectory pathways, using the identical legends of Fig. 9. Al is EU
plume in the UT (corresponding to plume B761 iv in Table 2); A2 is EU plume in the LT
(B761 ii); B1 is NA plume in the UT (B760 i) and B2 is NA plume in the LT (B762 i).



Plumeindex  Source region Latitude/Region BC (ng sm‘3) ACO (ppbv)
B759 plumes RE TR IN EN  OBB fl RE TR IN EN oBB I
i AS 30-40°N; Japan, E China 170 053 104 001 0.15 [} 011 004 009 000 002 @
i AS 30-40°N; Japan, E China 26.58 13.96 1844 009  2.57 [} 189 107 222 006 041
ii AS 40-60°N; N China 2468 861 1335 009 039 P64 187 073 156 005 006 {1126
iv AS 30-50°N; Nand E China, Japan ~ 8.08 543 552 012 051 524 063 065 063 003 007 25e%
v NA 30-50°N; N US 1686 3730 1996 156 395 |24 289 630 151 015 063 0
vi AS 20-40°N;Sand E China, Japan ~ 60.46 28.20 4036 017 13.03 [} 415 219 440 012 211 @
B760 plumes
[ NA 20-40°N; S US, Mexico 317 1121 654 127 219 [} 055 158 022 041 032 §
i AS 40-60°N; E and N China, Japan ~ 17.06 625 846 008 028 |[2e4 134 056 103 003 004 0
ii AS 40-75°N; N China, ERussia 1036 327 3.78 010 020 [6l0ed 080 029 047 002 003 [I9e%
iv NA 20-40°N; S US, Mexico 092 217 103 015 020 [} 013 031 005 002 003 @
B761 plumes
i EU+NA 30-60°N;E US, N Europe 545 11.03 528 058  2.19 ] 0.84 177 032 003 034 @
i EU 50-80°N; W and N Europe 1580 1489 356 055 211 Bi8ed 111 138 033 005 032 PHe%
ii EU 50-80°N; N Europe 555 336 028 006 003 {69 025 023 007 002 000 BB8ew
iv NA 35-60°N; E and S US 640 97 7432 064 0.8 ] 072 13 053 014 003 §
v EU 50-80°N; N Europe 51.23 4329 6375 2357 111 ] 32 22 075 019 012 @
B762 plumes
i NA 40-60°N; E and N US 2038 3461 2018 1.82 028 [M5ed 34 662 168 007 004 [2e%
i NA 40-60°N; E and N US 386 29 171 011 011 B@788 o034 035 017 002 002 [H5ES
i NA 40-60°N; E and N US 19.88 1885 7.08 157 030 [2l66e:d 144 157 057 0.09 005 [2e5
iv EU 45-75°N; N and S Europe 5433 3642 4183 10.86 041 BB5ed 338 198 046 018 003
B763 plumes
i AS 30-60°N; N and E China, Japan ~ 72.85 33.94 5379 025 107 P¥47e8 530 253 572 018 0.16 [H7e%
i NA 35-50°N; E US 075 143 084 005 001 [} 011 023 005 000 000 @
ii AS 30-55°N; E and N China, Japan  169.84 66.00 106.33 048 140 |[74e¥ 1195 445 1011 033 020 Jl6e%




Table S1. BC and CO source attributions for all of the encountered plumes by FLEXPART FPES, in source sectors: residential (RE),

transport (TR), industry (IN), energy (EN) and open biomass burning (OBB). [The modelléd flaring contributionis deemed o be zero i
less than 1e™ ng m™ for BC or less than 1e”" ppbv for CO.



Source origin BC/ACOmeasured  BC/ACOsource SFac
(ng sm> ppbv'l) (ng sm> ppbv'l)
B759 plumes
AS 2.06+1.55 13.14 0.84+0.12
AS 5.66+3.68 10.94 0.62+0.34
AS 2.17+0.78 11.05 0.80+0.07
AS 3.33+2.09 9.76 0.66+0.21
NA 1.95+1.58 6.93 0.7240.23
AS 2.05+1.66 10.97 0.81+0.15
B760 plumes
NA 7.92
AS 2.61+1.76 10.73 0.76+0.16
AS 2.23+0.72 11.00 0.80+0.07
NA 8.20
B761 plumes
EU+NA 2.05+0.69 7.44 0.72+0.09
EU 2.12+0.93 11.55 0.821+0.08
EU 4.15+1.78 16.04 0.7410.11
NA 0.37+0.28 8.95 0.96+0.03
EU 0.26+0.18 16.16 0.97+0.01
B762 plumes
NA 0.3610.27 6.54 0.941+0.04
NA 1.60+1.06 9.64 0.83+0.11
NA 1.21+0.73 12.81 0.91+0.06
EU 0.59+0.63 17.61 0.96+0.03
B763 plumes
AS 1.75+1.39 11.67 0.8510.12
NA 1.25+0.70 7.90 0.84+0.09
AS 1.94+1.39 12.73 0.8510.11

Table S2. Measured and modelled BC/ACO, and derived SFg¢ for each of the plumes.
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