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Supplementary. A posteriori modeled concentration and '30

Since observed concentrations are expressed as (Equation 4), the relationship between the measured
and optimized modeled concentrations can be expressed as:

y=Kx+e (A1)

where Kx the optimized concentrations () and € is a posteriori error matrix.
Updating the modeled isotope ratios with the optimized source information is more complicated
because isotope ratio () is the 'relative' abundances of the two isotopologues. The implementation of
the a posteriori isotopic source signatures to the optimization of modeled [C'®0] and [C'®O] is shown

in below.
Modeled concentrations of isotopologues are expressed as:

a= Z/:Ka,_/xa._/’ b= ;Kb,ij,/ (A2)

where i is an index for major and minor isotope (a: major isotope, b: minor isotope) and j is an index
for the sources. We assume two sources for simplification.
The abundance of major and minor isotope can linearly related by using isotopic source ratio (y;).

Xaj = VX, (A3)

The concentration of @ and b can be rewritten in a matrix form:
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a 2 a2 a; fl (A4)
K, lxal/ b, Zxa/ b, b £,
f, and f, : a unit source strength factor

where, a1", a2, b1”, and b2 represent the modeled concentration.
The optimized fi ( f;) can be obtained by the inversion analysis. Then, a posteriori a can be

expressed as:

a= zKa,j’ACa,j = ZKa,jxa,jfj (A5)

The a posteriori linear relation between the major and the minor isotopes is:
Xaj = V%, (A6)

Also, using the updated isotopic source ratio (;/; ), a posteriori b can be expressed as a function of

a priori modeled concentration (K, ;x, ).

7/, A
b= Z 5 = Z 7,1 K, %,

7/,
I8 - =1 (7)

NS y./'

If isotopic source signatures are well defined, y;/y; * should be close to 1 and no further treatment for
updating a posteriori source signature information is necessary. For the oxygen isotopes of CO, in
comparison with the fixed isotopic source ratios, a posteriori 3'30 is closer to the observation with the
updated isotopic source information (Section 5, Table S6). This implies the joint inversion analysis
provides more useful results if a posteriori source information is applied along with the optimized
source strengths when isotopic source signatures contain large error.

Table S1. Estimates of the global tropospheric CO budget (TgCO/year).

Sources Duncan et al. [67] IPCC 2001
Oxidation of CHy 778-861 800
Oxidation of Isoprene 170-184 270
Oxidation of Terpene 68-71 ~0
Oxidation of industrial NMHC 102-106 110
Oxidation of biomass NMHC 45-57 30
Oxidation of Methanol 95-103 -
Oxidation of Acetone 21 20
Vegetation - 150
Oceans - 50
Biomass burning 406-516 700
Fossil and domestic fuel 550-570 650
Total sources 2236-2489 2780
Sinks

OH reaction 1500-2700
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Table S2. Isotope Composition of CO sources.

Sources 830, %o 13C, %o
+23.5%0 +24¢, +224
Fossil fuel combustion +25.3¢ (gasoline) —27.5%

+15.1¢ (diesel)
+16.3%, +18+1¢

Biomass Burning +3~+18.4f (smoldering) —21.3, —24.5
+16.2 ~ +26.0 (flaming)
Methane oxidation 0bd +15¢ —52.6%
NMHC oxidation 04, +14.9¢ —32.2¢
Biogenic 7 I&
Oceans +15h —40"

@ Stevens et al. [65]; ® Brenninkmeijer [42]; © Stevens and Wagner [62]; ¢ Brenninkmeijer and Réckmann [10];
¢ Tsunogai et al. [64]; ¥ Kato et al. [83]; & no data has been reported; " Nakagawa et al. [66];
" Conny et al. [85]; 7 Conny [86]; ¥ Values based on the 83Ccns (—47.2 %o [Quay et al., [87]], and the
fractionation in CH4 + OH (5.4 %o).

Table S3. Data availability during the model simulation period (April 1996—-December 2004).

Year Month model SCO BHD ICE ZEP ALT MLO IZO RPB

96 4 spin-
~ up
96 10 0 0 0 0 0 0 0
~ 0 0 0 0 0 0 0
97 0 0 0 0 0 0 0
97 9 0 0 0 0 0 0
97 10 0 0 0 0 0
97 11 0 0 0 0 0 0
97 12 0 0 0 0 0 0 0
98 1 0 0 0 0 0 0 0
~ 0 0 0 0 0 0
98 10 o 0 0 0 0 o 0
~ 0 0 0 0 0 0 0
99 4 0 0 0 0 0 0 0
99 0 0 0 0 0 0
99 6 0 0 0 0 0 0
~ 0 0 0 0 0
99 12 0 0 0 0 0
~ 0 0 0 0
00 0 0 0 0
00 0 0 0
00 0 0 0 0
~ 0 0 0 0
01 3 0 0 0 0
~ 0 0 0
01 12 0 0 0
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Table S3. Cont.
Year Month model SCO BHD ICE ZEP ALT MLO IZO RPB

02 1 o 0
02 2 0 0
02 3 0 0 0
~ 0 0 0
03 8 0 0 0 0
~ 0 0 0 0
04 1 0 0 0 0 0
~ 0 0 0 0 0
04 9 0 0 0 0 0
04 10 0 0 0 0
04 11 0 0 0 0
04 12 0 0 0 0 0

Table S4. Influence of emissions (FF, BF, BB) of each hemisphere at each station. For
each source, the first two rows show the fraction of the SH emission of the source and the
total concentration and the last two rows show the fraction of the NH’s.

Station ALT ZEP ICE 1ZO MLO RPB BHD SCO
SH-[CO]ff/total-[COJff  0.3%  02% 02% 09% 19% 14% 66.0% 60.4%
SH-[CO]ff/total-[CO] 01% 0.1% 01% 02% 03% 02% 98.3% 98.3%
NH-[CO]ff/total-[COJff  99.7% 99.8% 99.8% 99.1% 98.1% 98.6% 34.0% 39.6%
NH-[CO]ff/total-[CO]  99.9% 99.9% 99.9% 99.8% 99.7% 99.8% 1.7%  1.7%
SH-[COJbf/total-[COTbf  1.6%  1.4%  1.6% 3.5%  3.9% 52% 473% 47.2%
SH-[COJbf/total-[CO]  0.1%  0.1% 0.1% 04%  05% 05% 98.1% 98.0%
NH-[COJbf/total-[COTbf  98.4% 98.6% 98.4% 96.5% 96.1% 94.8% 52.7% 52.8%
NH-[COJbf/total-[CO]  99.9% 99.9% 99.9% 99.6% 99.5% 99.5% 1.9%  2.0%
SH-[COJbb/total-[COTbb ~ 8.1%  7.7%  8.9% 19.1% 213% 26.0% 83.7% 82.4%
SH-[COJbb/total-[CO]  0.8%  0.8% 0.8% 19% 23% 29% 97.9% 97.7%
NH-[COJbb/total-[COJbb ~ 91.9% 92.3% 91.1% 80.9% 78.7% 74.0% 163% 17.6%
NH-[COJbb/total-[CO]  99.2% 99.2% 99.2% 98.1% 97.7% 97.1% 2.1%  23%

Table S5. Model-observation difference, correlation and chi-square of each station
(forward model results).

Difference Correlation Chi-square

[CO] &80 [CO] &B0 [CO] &80
Alert 82°27'N 14973 1.034 0.933 0978 0.391 0.129
Spitzbergen 78°54'N 12.220 0.986 0917 0.961 0.226 0.123
Iceland 63°15'N  9.028 1.929 0926 0.929 0.171 0.709
Izafia 28°18' N 13.555 1.321 0921 0.928 0.561 0.364
Mauna Loa 19°32'N 12.017 4.832 0.694 0.656 0.730 5.109
Barbados  13°10'N 18.140 4.621 0.721 0.704 1.655 4.576
Baring Head 41°18'S  6.400 3.253 0.789 0.555 0.831 5.299
ScottBase  77°51'S  6.195 2491 0.843 0.728 0.606 1.976

Station Latitude
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Table S6. A4 priori (modeled) and a posteriori (optimized) model-observation difference (ppbv).

RPB 1997 1998 2004
[CO] Observation
Modeled 15.35 27.60
Optimized ([CO] only) 893 1746
Optimized (Joint Simultaneous) 840 1745
Optimized (Joint Sequential) 854 17.42
d180 Observation
Modeled 371 488

Optimized (Joint Simultaneous)-adjusted isotopic source ratio 1.79  3.08
Optimized (Joint Sequential)-adjusted isotopic source ratio 2.02 452

Optimized (Joint Simultaneous)-fixed isotopic source ratio 233 541

Optimized (Joint Sequential)-fixed isotopic source ratio 227 532
120 1997 1998 2004

[CO] Observation

Modeled 10.39 17.85

Optimized ([CO] only) 885 4.86

Optimized (Joint Simultaneous) 9.03 4.71

Optimized (Joint Sequential) 9.09 4.69
d180 Observation

Modeled 1.73  1.18

Optimized (Joint Simultaneous)-adjusted isotopic source ratio  1.04  0.56

Optimized (Joint Sequential)-adjusted isotopic source ratio .11 0.94

Optimized (Joint Simultaneous)-fixed isotopic source ratio 1.29  1.79
Optimized (Joint Sequential)-fixed isotopic source ratio 1.30 1.70
MLO 1997 1998 2004
[CO] Observation
Modeled 12.72
Optimized ([CO] only) 11.97
Optimized (Joint Simultaneous) 11.67
Optimized (Joint Sequential) 11.76
d180 Observation
Modeled 4.90
Optimized (Joint Simultaneous)-adjusted isotopic source ratio 2.52
Optimized (Joint Sequential)-adjusted isotopic source ratio 4.00
Optimized (Joint Simultaneous)-fixed isotopic source ratio 5.01

Optimized (Joint Sequential)-fixed isotopic source ratio 4.96
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Table S6. Cont.

ZEP 1997 1998 2004
[CO] Observation
Modeled 15.65 13.53
Optimized ([CO] only) 9.17  8.11
Optimized (Joint Simultaneous) 8.86 7.26
Optimized (Joint Sequential) 8.60 6.78
d180 Observation
Modeled 076 1.24

Optimized (Joint Simultaneous)-adjusted isotopic source ratio  0.84  0.90

Optimized (Joint Sequential)-adjusted isotopic source ratio 1.74  0.70

Optimized (Joint Simultaneous)-fixed isotopic source ratio 143 097
Optimized (Joint Sequential)-fixed isotopic source ratio 146 094
ALT 1997 1998 2004
[CO] Observation
Modeled 16.91
Optimized ([CO] only) 7.87
Optimized (Joint Simultaneous) 7.83
Optimized (Joint Sequential) 8.01
d180 Observation
Modeled 1.47

Optimized (Joint Simultaneous)-adjusted isotopic source ratio  0.78

Optimized (Joint Sequential)-adjusted isotopic source ratio 0.75

Optimized (Joint Simultaneous)-fixed isotopic source ratio 1.14
Optimized (Joint Sequential)-fixed isotopic source ratio 1.14
ICE 1997 1998 2004
[CO] Observation
Modeled 9.74
Optimized ([CO] only) 8.27
Optimized (Joint Simultaneous) 7.72
Optimized (Joint Sequential) 7.51
d180 Observation
Modeled 1.94
Optimized (Joint Simultaneous)-adjusted isotopic source ratio 0.92
Optimized (Joint Sequential)-adjusted isotopic source ratio 1.52
Optimized (Joint Simultaneous)-fixed isotopic source ratio 2.41

Optimized (Joint Sequential)-fixed isotopic source ratio 2.35
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Table S6. Cont.

BHD 1997 1998 2004
[CO] Observation
Modeled 971 583 954
Optimized ([CO] only) 4.84 4.00 3.06
Optimized (Joint Simultaneous) 492 401 3.09
Optimized (Joint Sequential) 488 423 3.17
d180 Observation
Modeled 493 353 248

Optimized (Joint Simultaneous)-adjusted isotopic source ratio 1.34 0.86 0.63
Optimized (Joint Sequential)-adjusted isotopic source ratio 3.04 192 0.63
Optimized (Joint Simultaneous)-fixed isotopic source ratio 450 3.65 1.90

Optimized (Joint Sequential)-fixed isotopic source ratio 450 3.60 194

SCO 1997 1998 2004
[CO] Observation
Modeled 534 566 774
Optimized ([CO] only) 276 260 1.74
Optimized (Joint Simultaneous) 271 2358 1.70
Optimized (Joint Sequential) 299 249 1.78
d180 Observation
Modeled 338 3.18 1.63

Optimized (Joint Simultaneous)-adjusted isotopic source ratio 0.93  0.82  0.43
Optimized (Joint Sequential)-adjusted isotopic source ratio 1.53 185 042
Optimized (Joint Simultaneous)-fixed isotopic source ratio 291 331 1.15

Optimized (Joint Sequential)-fixed isotopic source ratio 290 326 1.17

Table S7. A priori and a posteriori oxygen isotope source signatures of CO. The
a posteriori values are obtained from the standard inversion run of this study (simultaneous
inversion).

Fossil Biomass CH4 NMHC Biofuel Ocean Biogenic

97NH 215 18.2 2.9 1.3 14.7 18.2 -0.4
98NH 215 14.1 24 5.0 22.5 17.5 -1.5
04NH  21.5 12.5 2.5 5.0 15.4 16.0 5.0
97SH 235 12.5 3.0 5.0 18.1 20.0 5.0
98SH 23.8 12.5 2.2 5.0 18.5 19.2 4.5
04SH 232 12.5 0.9 5.0 16.2 17.7 2.7

apriori _ 23.5 17.5 0.0 0.0 17.5 15.0 0.0
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90"

ALT Alert, N.W.T., Canada 82 27'N 62 31'W MLO Mauna Loa, Hawaii 19 32'N 155 35'W

ZEP Spitsbergen, Norway/Sweden 78 54‘'N 11 53'E RPB Ragged Point, Barbados 13 10'N 59 26'W
ICE Heimaey, Iceland 63 15'N 20 09'W BHD Baring Head, New Zealand 41 18'S 179 54'E
1ZO Tenerife, Canary Islands 28 18N 16 29'W

SCO Scott Base, New Zealand 77 51'S 166 46'E

Figure S1. Measurement stations for [CO] and isotope ratios. Alert, Canada (ALT),
Spitsbergen, Norway (ZEP), and Izana, Canary Islands (IZO) are measured by Max Plank
Institute for chemistry, Germany [27,88], Baring Head, New Zealand (BHD) and Scott
Base, Antarctica (SCO) are measured by National Institute for Water and Atmospheric
Research, New Zealand [42,89], and Mauna Loa, USA (MLO), Ragged Point, Barbados
(RPB), and Heimaey, Iceland (ICE) are measured by Stony Brook University [36].

Total [C O] @ [A| e rt]LAT: 814286

LON: 298.125
200 C T T T T T ‘ T
C ) MOZART: 1+
L *« CMDL: - :
150 L'_ Lab. data: ==-- :'
Ko §
IS A g vy i
100 = . b i g
G & x W
50— -
Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec
19%6 1996 19997 19%8 1998 1999:) 20%0 2000 200% 20%2 2002 200% 20%4 2004

1996 ~ 2004
8"°0 of COMEI @[A'ert]LAT:m.Azae

LON: 298.125
15_ T T T T T T T T ]
= o ; ; i
re 2 : S g (. _
o J;}u\! TR ,ﬁ\t 2 -
— [ 3 K i \‘4 L ;; Y P i & ;
2 CE 8 x‘ £ \ { VooE -fm Y 7
- ¥ Y e H ; H . ¢ I =
SRR AR S A IR BT RS B Y
E Y . s \ oy v
C LY (4] ) Y u:’il
-5 # % \d!; ¥ ]
ST S . . . . . . . . . . . . ]
Apr  Nov. Jun Jan Aug% Mar  Oct Ma Dec  Jul Feb S%) Apr  Nov Jun Dec
1996 1996 1997 1998 19 1999 1999 2000 2000 2001 2002 2002 2003 2003 2004 2004
1996 ~ 2004

Figure S2. Cont.

S8



Atmosphere 20185, 6

S9

200 Total [CO] @[Spitsbergen]ion’ o
E : k : i MOZARTJ»J‘ E
i . «*, CMDL: -~ =
150 Fe . ‘: iy % Lab. data: - i
8 3 5
B ool i e
g, 100 @ . —
& C % : .
50— —
oL . | . . . . ) | . ; L ]
Apr Dec Augg/ Apr Dec A%% Apr Dec A%g Apr Dec Au Apr Dec
1996 1996 19 1998 1998 19 2000 2000 2001 2002 2002 20 2004 2004
1996 ~ 2004
s 80 of CO,., @[Spitsbergen]iy iz
10 15 ; 7
. s Y . . 2
~ : H A\ iy
3 sk VooE i
Ca N { A 4
3 o N
o -y
4 B
H ]
un an Au Mar  Oct Ma)é Dec  Jul Feb  Se Apr  Nov Jun Dec
1997 1998 19 1999 1999 2000 2000 2001 2002 2002 2003 2003 2004 2004
1996 ~ 2004
200 Total [CO] @[Iceland]iy %5
E : LIS * ‘MozagT:
L .. CMDL: -
150 ‘; ¥ Lab. data: -
[
N I R
g, 100 g
Q, ®
50
0 \ . . . . . | A . :
Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec Au Apr ec
1&%6 1996 19&% 19%8 1998 19&% 2&%0 2000 206% 20%2 2002 206% 2&%4 2004
1996 ~ 2004
§°0 of CO... @[Iceland]icn s
o
-
£
M
()
o]
Apr  Nov. Jun Jan Au Mar Oct Ma Dec  Jul Feb Seoo Apr Nov Jun Dec
1996 1996 1997 1998 19 1999 1999 2000 2000 2001 2002 2002 2003 2003 2004 2004

1996 ~ 2004

Figure S2. Cont.



Atmosphere 20185, 6

Total [CO] @[lzana]4L .2,

200 T T 5
r . MOZART: - m
[ CMDL: ---- —
150 C Lab. data; == ]
2 100 : MR
3, Féas i
Q 3 e gl
P Hghald
C ]
50—
oL s s ‘ s s s s ! ‘
Apr Dec Aé% Apr Dec A%% Apr Dec Au Apr Dec Dec
1996 1996 19 1998 1998 19 2000 2000 20 2002 2002 004
1996 ~ 2004
8”0 of CO... @[lzana]:o v’
15 O T T T T T T T T T
10—
e
o 5R
£ oy .
4 C 5 kK
¢ 0 ek H
- r " kS i
C s xg" :'.'Z' ""
S i
q0E_ . ‘ ‘ . . . . . . ‘ ‘ , .
Apr  Nov. Jun Jan Au Mar  Oct Ma Dec  Jul Feb S?P Apr  Nov Jun Dec
1996 1996 1997 1998 19 1999 1999 200 2000 2001 2002 2002 2003 2003 2004 2004
1996 ~ 2004
Total [CO] @[Maunaloa] weer
200 T T T T T T T T 7
r 2 MOZART: *--- 7]
- 2 CMDL: - : -
150 L . o :; Lab. data: - |
3 : : ]
& 100 g‘ . r
[ .
50 — -
(I ‘ s s , . . \ i . ]
Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec
19%6 1996 195% 19%8 1998 19§% 20%0 2000 20&% 20%2 2002 206% 20%4 2004
1996 ~ 2004
- 80 of CO... @[MaunalLoa]is wesrs
10—
3 5
E B
o [
2 Ofﬁ
m3
-5 —
q0b . . . ‘ . . ‘ . .
Apr  Nov. Jun Jan A%)% Mar  Oct Ma}() Dec  Jul
1996 1996 1997 1998 19 1999 1999 2000 2000 2001

1996 ~ 2004

Figure S2. Cont.

S10



Atmosphere 20185, 6

ppbv

200

Total [CO] @[Barbados]iox sose

150

100 fi

T

MOZART: ----
CMDL: ===
Lab. data: ----

-‘-—\\III\\\\

0 . . I . . . | | \ ; .
Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec Au Apr Dec
1996 1996 19 1998 1998 19 2000 2000 20 2002 2002 20 2004 2004
1996 ~ 2004
80 of CO,., @[Barbados]ioy o
15 O T T T T T T T T T T T T T ]
10— T -
o 5[ 4
E G ]
Y 53 . % " ]
50 jv '?-%.; A E
o LA ¥ A
5 ‘Q‘_ g ‘%’é’“:':t
C g P
q0b . . ‘ . . . , . . ‘ . . .
Apr  Nov Jun Jan A%% Mar  Oct Ma)6 Dec  Jul  Feb S%p Apr  Nov Jun Dec
1996 1996 1997 1998 19 1999 1999 2000 2000 2001 2002 2002 2003 2003 2004 2004
1996 ~ 2004
Total [CO] @[BaringHead] 4y, i,z
200 T T T T T T T T T T i
MOZART: - 7
CMDL: - |
150 Lab. data: ---- ]
B
Q
[oR}
[oN

per mil

i\?:; :,'.t:' 1,#‘,!“%‘"

4

L A

Au Apr Dec
199% 20%0 2000

1996 ~ 2004
6”0 of CO,.. @[BaringHead]:ox 15000

Dec
1998

Au Apr
ZOOQI 20%2

TTTTTETTT

-10

o
“g‘iﬂ\|\\\l‘ll\\

Apr
19%6

Ju

Oct Ma De |
2001

C
1999 2000 2000
1996 ~ 2004

Jun
1997

Nov
1996

Au Mar

eb
19 1999

Jan F
1998 2002

Figure S2. Cont.

Se Apl

r  Nov Jun
2002 2003 2003 2004

Dec
2004

S11



Atmosphere 20185, 6

S12

Total [CO] @[ScottBase] oy s

200 C T T T T T T T i
- MOZART: - 7
L CMDL: ---- |
150 L Lab. data: ---- ]
2 10of ]
s, 100 — 7
Q C .
50 /\ N //\\ “ N / e A A
I ~ SN oS - O S e Wl
ol . . . . . . | . ! i \ ]
Apr Dec ALég/ Apr Dec Au Apr Dec Al.(l)g Apr Dec Au Apr Dec
1996 1996 19 1998 1998 19 2000 2000 2001 2002 2002 20 2004 2004
1996 ~ 2004
8"0 of CO,., @[ScottBase]ia feees

1 5 C T T T T T T T T T T T T T 7]
10— =
9 5 =
= b 7
§ooF :
& O : ° . . 3 ]
= o ‘ . eee’ o o . . . 98N =

C 4 \ e/ g .

q0E . . . VAR AP R

Au Mar Oct Ma Dec  Jul

O

1996 ~ 2004

Apr  Nov Jun Jan Feb S%J Apr  Nov  Jun
1996 1996 1997 1998 19 1999 1999 2000 2000 2001 2002 2002 2003 2003 2004

Figure S2. MOZART-4 simulation results; the gray dots are modeled [CO] and §'30, the green dots

are NOAA [CO] and the blue dots are [CO] and 8'%0 used in this study.
Alert

Sources of [CO] @[Alertl;) S
I I

100 ‘\ \ \ \
r Methane: - T
80— a —
Bio. Burn: ----
L ‘l |
[ H -
\
Ilt
60— \ i —
!
[
2 [
a L 4
a | 1
L I _
[
01— [ —
B
L N -
e ] e S e

1996 ~ 2004

Figure S3. Cont.

0] 9
Apr Nov un an A Mar Oct Ma Dec ul Feb Sef Apr Nov un
lé‘JJG 1996 £997 £998 199% 1999 1999 20(% 2000 ZJOOl 2002 20(?2 20%3 2003 3004

Dec
2004



Atmosphere 20185, 6

30

per mil

-10

-20

nic (15 p%'""-': )i === ‘

(15 per mil): ===

er mil):

§°0 of CO,, @[Alert]oy 5
I I I I

A\

AN e -
£ - T ~ 4
:'/I 1 11 ‘ I 0 -

\|\||||\|\\};I';l

i

|
15 1% 88 18

MNov
1996

Dec ul
2000 001
~ 2004

Oct
1999

!
203
1996

| |
Feb Se Apr
2002 20(;32 20%3

Nov J un
2003 004

Dec
2004

[COf] by regional enission @IAl

S

o

o
o
o
= Totall: -
Now un A Mar ] Lt Dec ul Febh 5 Apr Nov un
1556 55 15 fr=1 1559 1555 20th 050 i 3] Fiiis 2 2003 ks
1966 ~ Z0Morbly meen
[CObf] by regional errission @[Alert
oL ]
o B
o =
o B
= i
A Now un Al Mar [} n, Dec ul Feb 5 Apr Nov un
e 1556 55 15 fr=1 1559 1555 20th 2050 i 2002 Fiiis 2 2003 ks
1566 ~ Z004Momhly mean
[CObb] by regional erission @[Alertl
o B
o =
40— —_
o B
> v R i M
A Now un an Al Mar [] , Dec ul Feb 5 Apr Nov un
1% 1556 55 oy 1950 1535 1555 ot 5 i 2002 Fii i) 2603 L5,

2 X
1996 ~ 200 cthly meen

Figure S3. Cont.

W

S13



Atmosphere 20185, 6

Spitzbergen

S14

100

80—

60

Sources of [CO] @IS pitsbergen] . o
] I

80 of CO, @IS pitsbergen, 1
I I I I

Oct M% Dec ul Feb
1868 20 2000 001 2002
1996 ~ 2004

Dec
2004

>
e}
[=%
o
40
20
0F
Apr. Nav
19%6 1996
30 C
20{—
=
—
E
.
[
o

20

Methane (0 per mil): -

T
I

Sl e O N

’(’)\\'P-;{I\\‘III\\\I""

oM
Y

Apr Nav
1!;%6 1996

| |
Oct M% Dec 2] ul Feb
1998 20 2000 001 2002
1996 ~ 2004

Figure S3. Cont.

B0
Oﬂ)
EO



Atmosphere 20185, 6

prk

ppbv

Feby

[COff] by regional emission @[Spitsbergenlimmim,

S-Ameri

N -Arﬁer#ca m———

ca:

55 1%

aa n Dec
5% 20ih Py
1866 ~ 200Morthly mean
1CObfl by regienal emission @ISpH

[
A Nor n o . Mar a " o Feb 2 [T ) e
e 13% 57 % 5% 1985 155 2 E 2002 20t 202 20tz X
1966 ~ 2008 crthly mean
ICObY) by regional emission @ [Spitsbergenliyaim

i

o
n
o - =i el
e A b 1% - e -y § ;:s mma‘%%‘o X i i A p) S

. e

Iceland
Sources of [CO] @[lceland]s) 5o

100 I

80—

oo |

Methane: -

Bio. Burn: ----

| i

| i

0
15

Nov
1996

155 156

18

Mar
1999

Oct Ma Dec
1889 200% 2000
1996 ~ 2004

81

Figure S3. Cont.

Feb Se|
2002 20(?2

Apr Naov
2(:'())3 2003

J un Dec
004 2004

S15



Atmosphere 20185, 6

ppby

ppby

PPy

per mil

30 of CO,. @[lceland]%, Sian
[

30 T | I \ \ 1

nic (15 permil): ---- l

er mil)

(0 per mib): =

20l Bio. Burn (17.5 periqil): -+

\||\||\||\|||.'i'

N e
10— i
200 | | | | | | | I | | | | | | ]

Apr MNav un an Au Mar. Oct Ma Dec ul Feb Sel Apr Nov un Dec
19’&336 1996 £997 £998 199% 1999 1999 200% 2000 2JOOl 2002 20(532 20%3 2003 2’004 2004

1996 ~ 2004

[c f by regional ervission @[iceland

N-America: ~

o

Nov un an A Mar Oct L1t Dec ul Feb H Apr. Mav wn

155 351 5% 5% 1355 1355% 208 i E 0z prt Fri 2% i
1566 ~ Z00Morthly mean

[CObf] by regional emission @[lcelandkl:

B
S
A

» 5 ry

196 ~ ly mean
[CObb] by regional emission @celand]yiim

o

55 1%

i
4

-
]
§
&
;
i
E3

§

|

»
zn
o :77 . —
un an ar ul eh, " ov wn Jec
e 156 £5) e 5% 5% 5% 3 & 0 7 F] ] P 5

) 260
1566 ~ ZOMerrhly mean

Figure S3. Cont.

8

%
&
3
E

S16



Atmosphere 20185, 6

Izana

Sources of [CO] @[lzanal}, St

100 | ‘ ‘\ | \ | | \
L Biofuel: ---- O
Biogenic: ----
r Methane; - T
80— e —
Bio. Burn: ----
60— —
=
o | _
a
a
40— —
ot |
Apr Nov un an AL Mar Oct Ma Dec ul Feb Sef Apr MNov un Dec
19%6 1996 £997 fQQB 199% 1999 1999 200% 2000 ZJOOl 2002 ZO(f'Z 20%3 2003 JOO4 2004
1996 ~ 2004
§*0 of CO,, @[lzanalsy % o
30r [FRIPS B | | \ | | ]
Ocearic (15 per mil): -
. Biofuel (15 per mil): === .
C Biogenic (0 per mil); = 7
— Methane (0 per mil): ---- b
20— ]
—
-
E
.
U)
o

-10 ;

200 |
Apr Nov
19%6 1996

|
{58

165 18

Mar

1999

SF

| | | |
Oct Ma Dec ul Feb Se Apr Nov un C
1999 200% 2000 2001 2002 20(% 2(}8)3 2003 3004 2004

1996 ~ 2004

Figure S3. Cont.

S17



Atmosphere 20185, 6 S18

[COff by regional envission @lizanaly

ol
o —
iz NN O NI R O N I IR IO DN AT AN D DN AN I O O e
.
o it il il gl
A B Wm0 M0 B % M S 4 @m0 @ W M M W
[CObflby regional a’nssicn’@.\zana].
ol 1
ol 3
o ]
P =i
86 5 355 1% ) 15 % ) = ) 2 ) o [ A
[CObE] by ragional emission @lzanalinzs
w =
wl _
o =i
P =
o B - > e _ m—_—]
8 i 5 % 58 i3 %5 B & e i i ) 13 5 5
P —2
Mauna Loa
T: 18.5714
Sources of [CO] @[Maunaloaly; 5
100 \ ‘ ‘| T | | | \ \ T
L Biofuel: ---- 7
Biogenic: ----
r Methane: - T
80— A —
Bio. Burn
60— —
>
o | -
a
a

i : i
0 .| ] | | |

Apr Nov un an AL Mar Oct Ma Dec ul Feb Se| Apr Nov un Dec
1&%6 1996 f997 £998 199% 1969 1999 200% 2000 ZJOOI 2002 20(% ZCEJB 2003 3004 2004
1996 ~ 2004

Figure S3. Cont.



Atmosphere 20185, 6 S19

"0 of CO,, @[MaunalLoaliy 5o
I I

30 T \ T T \ 1

Oceanic (15 pe
Biofuel (15 per mil}: ===

Biogenic (0 per mil): -

Methane (0 per mil): -

TTlTTTTT
I I |

MHC (0 per mil)
o] R Bio. Burn (17.5 per mil): -
- Fossil Fuel (23.5 per m *
L _
J\I_ —
—
-~
E
C
]
a Jan
C P
20[C | | | | | | | | | | | | | | 7
;y)r Naov ]! un ]!an ALé% Mar Oct M%% Dec 2J ul Feb S%J ;'—E\)pr Nov J un Dec
1996 1996 997 998 19 1999 1999 20 2000 001 2002 2002 2003 2003 004 2004
1996 ~ 2004
[CO] by regional emission @[Maunaloal=m:
r N-Amerfca: wr’
SDE* S-America: =---
@ —
e e
o —
o o S x
b2 5 5 15 4% 5 =) - I £ ] % 5 5 5 B
[CObf] by regional emission @,[MMBLDEJ:::.
a0
)

Al - - Now un. an - A 2 Mar - Oct [ - Dec ul Feb - S Ay - Nav un Dec
e 155 35 % 19h 155 55 20%h i) E pi 2002 Frl poicd A e
1566 ~ onthly e
[CCbb] by regional emission @IM. fier
T T T T T T T — T T T T T

Figure S3. Cont.



Atmosphere 20185, 6

Sources of [CO] @[Barbados]

Barbados

LAT: 128571
LON: 300.938

S20

100

80—

60—

ppbv

40—

Biofuel: ---
Biogenic: -
Methane: -

Bio. Burn: ----

L | |

B T

R

| | |
un an AL Oct Ma Dec ul Feb Se| Apr Nov un Dec
£997 £998 199% 1999 200% 2000 ZJOOl 2002 20(% 2(}8)3 2003 2004 2004
1996 ~ 2004
3"0 of CO,, @[Barbadosly, hee
30C P P \ T \ I ]
Oceanic (15 pel

- Biofuel (15 per m -

B Biogenic (0 per mil): -—-- 7

~ Methane (0 per mil): --=- *

20— Bio. Burn (17.5 per mil): - _

L Fossil Fuel (235 pe _
[ /i e
= - .- N /-
= ; : /

. r A
2 L : A
o i

: v -‘./—\'/,, / . i \.\ﬂ_:ﬂ‘ N - o ‘,.\‘ Y \/‘f. :

20[ | | | | | | l | | | | | | 1
Apr Nov un an AL Oct Ma Dec ul Feb Se Apr Nov un Dec
IJ%G 1996 f997 £998 199% 1999 200% 2000 2001 2002 20(% 20%3 2003 3004 2004
1996 ~ 2004

Figure S3. Cont.



Atmosphere 20185, 6

[COf by regional emission @(Barbadeskuam

C N-America: — .
awf— S-Americ —
E Europe: .
= N-Afri - —
aol— S-Afr |
w e —
= Totall: - -
o — —
N ’ T "
o4 %% 35 1% 45 Jt-3 %5 i ) EEY ) o) ) E ) B
1556 ~ 2004M crthly mean
Ic0bf by regional ervission
ol — —
- _
ol — —
o — ]
148 1% 35 15 1% 155 P} th e 4 i 22 i ] i e
1996 ~ 2009M cnthly mean
I y regional errission e
100, T T T T T T T T T
o 1
o — —]
ol — —
o —
o - I —— A - : dl
I+ 5 138 15 5 5 i e i E) S - i 5

[ Dec
2080 2060
1866 ~ 2004 thly mean

Baring head

Sources of [CO] @[BaringHead ], 1ow

ppbv

Biofuel: ----
Biogenic: ---

Methane:

Bio. Burn: ===

0
Apr Nov
19%6 1996

Ma Dec
200)6 2000
1996 ~ 2004

fun ]!arw ALé% Mar Oct
9G7 ge8 19 1989 1999

2] ul Feb
001 2002

L
300

Figure S3. Cont.

|
205

Nov J un Dec
2003 004 2004

S21



Atmosphere 20185, 6

LAT: -41.4286
ILoN: 180.000

30 T

20

.'III!//}III\\I

10

per mil

\ 1

Oceanic (15 pes
Biofuel (15 per mil): ----

Biogenic (0 per mil):

mil): ===- l

Methane (0 per mil): —--

MHC (0 per mil): =-—

Bio. Burn (17.5 per mil):

5”0 of CO,, @[BaringHead]
| | I

O

L \'/{/’

O R W B

-10 ;

20[C |
Apr Nav
19%6 1556

|
1% {8

168

Mar
1999

|
Ma Dec
200\6 2000
1996 ~ 2004

Oct
1999

21

[pe]
=
=0

\ |
Feb Se| Apr MNoy un
2002 20&’2 268)3 2003 2’004

Mar
159

[COffl by regional emission @[BaringHeadkiT 4
T T T —

" Dec
2086 2000
1566 ~ 2000 arthly mean
[CObfl by regional emission @B aringHaad]w52

Qe
1359

N -ATTIIGI'#CB e

S-America: ----

Mar
159

th R =
1566 ~ 00 orrthly mean
[CObb] by regional emission @[B aringHeadlEi
T T T T

ac
1359

FA E] Eo] ] e i

Figure S3. Cont.

5% 8% e

3 E
1956 ~ Z0M erthly meen

S22



Atmosphere 20185, 6

ppbv

per mil

Scott Base

T 785714

Sources of [CO] @[ScottBasel;, s

Oceanic

Biofuel: ----
Biogenic: ===
Methane: —

Bio. Burn: ----

.|-a/.)|||.||||

\I\\I\l-l-‘l"‘f’

0] | | | I
;%;:\r Nov f un ian Aug% Mar Oct M%)é Dec ZJ ul Feb 5%1 Nov J un Dec
1996 1996 997 998 19 1999  19%9 20 2000 001 2002 2002 2003 004 2004
1996 ~ 2004
50 of CO,, @[ScottBaseq, e
30C N S RS R | \ \ | \ T ]
Oceariic (15 permil): ===
L Biofuel (15 per mil): ---- |
C Biogenic (0 per mil) 7
- Methane (O per mil): ---- -
:\_ NMHC (O —

Bio. Burn (17.5 per mil):

T O AR R R A

Nov f un
1996 997

|
e

Mar
1999

Oct
1999

M%% Dec
20 2000
1996 ~ 2004

AL \ |
ul Feb 250%% 2%%

Figure S3. Cont.

Nov
2003

266

S23



Atmosphere 20185, 6 S24

1O by regional emission @[S cottBase T
T T T T

E N-America: —
wE-
=
03 I e
=
#8 - pE 1= 4% i3 5% i 55 EEY

2 20
1856 ~ 200M oy mean
[CObA by regional emission

5 e
| LLLLLLLLL LLLALLLL
i

prby

)
|

1 g % pri] 2o Hh
1986 ~ 200Monthly mean
by regional emission @15 cottB aseliyain
T T T

i;a
B
&
B
S

[CObb;

B
3
i =
i 8
ol s . . _ = < L
4 e i 185 % it 55 S e h i ) 3 3 15 S

3 o
166 ~ 2000 orbly mean

Figure S3. MOZART-4 simulation results: contribution (concentration) of CO sources at
each station (the first panel of each station), time series of 8'%0 by each source at each
station (the second panel of each station) and contribution of CO sources for each
geographic emission region (FF, BF and BB only). For the time series of §'0, the isotopic
source signature of each source are shown in the legend.
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Figure S4. Comparison of a priori (brown line) and a posteriori (blue line) modeled

surface [CO] with measurements (blue dots).
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Figure S5. Comparison of optimization factors calculated from joint simultaneous
inversion ([COJ+86'%0), [COJ-only inversion and [COJ-only inversion using NOAA GMD
[CO] (GMDI[CO]). To get the [CO]NOAA inversion results, the following 11 NOAA
GMD sampling sites are selected: Christmas Island, Republic of Kribati (lat 1.7°,
lon —157.17°), Mariana Island, Guam (lat 13.43°, lon 144.78°), Cape Kumukahi, Hawaii,
United States (lat 19.52°, lon —154.82°), Assekrem, Algeria (lat 23.18°, lon 5.42°),
Key Biscayne, Florida, United States (lat 25.67°, lon —80.20°), Sede Boker, Negev Desert,
Israel (lat 31.13°, lon 34.88°), Terceira Island, Azores, Portugal (lat 38.7°, lon —27.38°),
Ulaan Uul, Mongolia (lat 44.45°, lon 111.10°), Park Falls, Wisconsin, United States
(lat 45.93°, lon —90.27°), Baltic Sea, Poland (lat 55.35°, lon 17.22°), Barrow, Alaska,
United States (lat 71.32°, lon —156.60°).
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