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a t m o s p h e r ic a n d o e e a n i。 in e r e a s e a e e o u n t s fo r 7 2 % e m is sio n
,

a b o u t Z / 3 o f th e to ta l
,

the

s o u r e e s in elu d e the fo s sil Pr o d u e t io n
,

d e fo r e s t a t io n a n d th e la n d u s e
.

B e fo r e w e d is e u s s the r e g io n a l d is t r ib u t io n s o f o e e a n ie C O
Z u p t a k e

,

w e fir s t g iv e t he

fo llo w in g d efin it io n s :

△aPCO
Z
= △PC O

Z
一 △PCO

Z o
= 占PCO Zoc 一 占PC O

Z o t。
,

(5 )

△PC O
Z
= PCO

Z
oc 一 PCO

a tm
,

(6 )

占PC O
Z
= PCO

Z
一 PC O

Z 。 (7 )

w he r e 占PC O
z 15 the e u m u la t iv e eh a n g e a t tim e t r e la t iv e t o p r e 一 a n th r o p o g e n ie

,

△PC O
Z 15

the a ir
一 s e a d iffe r e n e e

,

a n d △6PC O
Z 15 th a t p o r t io n o f the a ir

一s e a d iffe r e n e e a t t im e t
.

T h e a ir
一s e a flu x o f C O

: 15 m a in ly d e te r m in e d b y the a ir
一 s e a d iffe r e n e e

,

△如CO
Z

,

a t

tim e t
.

F ig u r e 3 s h o w s th e m a p o f th e a ir
一 s e a d iffe r e n e e

,

△aPCO 2
.

T he p a tt e r n o f △己PC O
Z

d e r iv e s p r im a r ily fr o m th e d iffe r e n t ty p e o f e o n v e e t iv e o v e r t u r n in g a n d u p w ellin g
.

T h e r e

a re s t r o n g e q u a t o r ia l a n d s u b p o la r u p w e llin g a s w e ll a s h ig h
一

la t it u d e e o n v e e t io n
.

C o m p a r e d w ith th e m a p s o f v e r t ie a l v e lo e it y
,

w e e a n e o n elu d e tha t th e
big h v a lu e s o f a ir

-

s e a d iffe r e n e e △6PC O
Z e o r r e s p o n d w ith th e in t e n sity o f v e r tie al m o t io n in the s e r e g io n s

,

e
.

9
. ,

th e r e a r e h ig h v a lu e s in th e e q u a to r ia l a n d s u b p o la r u p w e llin g r e g io n s
.

Fig u r e 4 sh o w s th e z o n a l m e a n a n n u al a n thr o p o g e n ie CO Z a ir
一 s e a fl u x in 1 9 9 0 in o u r

m o d e
.

T h e o e e a n u p ta k e o f a n th r o p o g e n ie CO
Z 15 d iffe r e n t in d iffe r e n t la t it u d e s

.

T h is

r e s u lt 15 sim ila r to th a t o f th e o the r 3
一

D o e e a n g e n e r a l e ir e u la t io n m o d e l s t u d ie s o f o e e a n ie

u p t ak e in w h ieh th e bio lo g ie a l p r o e e s s 15 n o t in elu d e d (S a r m ie n to a n d S u n d q u is t 1 9 9 2 )
.

T he r e a r e m a x im u m v a lu e s in th e e q u a t o r ia l a n d s u b t r o p ie s r e g io n s
.

T his 15 b e e a u s e th a t

the w a t e r tha t u pw e lls a t th e e q u a t o r h a s b e e n o u t o f e o n ta e t w ith the a t m o s p h e r e fo r a

e o n s id e r a b le a m o u n t o f t im e a n d th u s h a s o n ly a s m a ll e x e e s s a n th r o p o g e n ie CO z lo a d
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T he z o n a l m e a n a n n u a l a ir 一s e a flu x in 1 9 9 0 in o u r m o d e l
.

p i e k e d u p w he n it w a s la s t in e o n t a e t w i t h th e a t m o s p h e r e ( Sa r m ie n t o a n d S u n d q u is t

1 9 9 2 )
.

T he m a x im u m v a lu e in th e s o u t he r n o e e a n r e g io n e a u s e d m a in ly by th e fa e t t ha t

t he r e a r e v e r y la r g e o e e a n a r e a s in t h e s e la t i tu d e s
.

O f e o u r s e
,

t h e a n t h r o p o g e n i e CO
Z
w hi e h e n t e r e d in t o t he o e e a n d o e s n o t s im p ly s t a y i n

t he r e g io n w he r e it 15 a d d e d t o t h e o e e a n
,

b u t 15 r e d is t r ibu t e d ho r iz o n t a lly
.

F ig u r e 5 s ho w s

th e m a p s o f t he e u m u la t iv e in p u t a n d s t a n d in g e r o p in o u r m o d e l
.

Fig u r e 6 s h o w s t h e z o n a l

in t e g r a l flu x a n d s t a n d in g e r o p in o u r m o d e l
.

W
e e a n s e e fr o m t he fig u r e s th a t th e

a n t h r o p o g e n i e C O Z in th e o e e a n 15 lo s t fr o m t h e e q u a to r ia l r e g io n s a n d s u bp o la r g y r e s a n d

a e e u m u la t e p r im a r ily in t he s u b t r o p i e a l g yr e s
.

T his m e r id io n a l r e d is t r ib u t io n 15 e o n t r o lle d

p r e d o m in a n : ly b y u p w e llin g o f w a t e r s in t he e q u a to r ia l r e g io n a n d s u b p o la r g y r e
.

A u s e fu l d ia g n o s t i e o f ho w

b u d g e t s 15 th e a ir b o r n e fr a e tio n

m u e h t he o e e a n i e u p ta k e e o n t r ib u t e s t o t he t o t a l e a r b o n

fo r th e

A F
a。

一

e o m b in e d a tm o s Ph e r e a n d o e e a n

(I 尽
,m 一 I 息

, m )

(I? tm 一 I 李m) + (I 黔 一 I黔)
(8 )

w he r e I
a‘m a n d l仪 a r e t he a t m o s p h e r ie a n d o e e a n i e in v e n t o r y in P g o f e a r b o n s e p a r a t e ly

,

t = 0 15 t he b e g in n in g o f t he s im ti la tio n
.

T a b le 2 g iv e s a e o m p a r is o n o f o u r m o d e l w it h t he

b o x d iffu s io n m o d e l (S i e g e n t h a le r a n d O e s e hg e r 1 9 8 7 ) a n d 3
一

D m o d e l (S a r m i e n t o a n d

S u n d q u is t 1 9 9 2 )
.

T h e a ir b o r n e fr a e t io n s g iv e n by t h e b o x 一

d iffu s io n a n d o u t e r o p
一

d iffu s io n

m o d e ls a r e 0
.

5 8 1 a n d 0
.

4 7 9
,

r e sP e e t iv e ly
,

fo r t he Pe r io d 1 9 5 9 一 1 9 8 3
.

B o t h a r e lo w e r th a n

th e v a lu e o f o u r m o d e l ( 0
.

6 0 8 )
,

a n d th e v a lu e o f 3
一

D ( 0
.

6 1 7 ) 15 a lit tle la r g e r t h a n o u r s
.

T h e m o d e lin g r e s u lt fo r th e p e r io d 1 9 8 0 一 1 9 8 9
,

a n n u a l m e a n o e e a n ie u p t a k e o f

a n t hr o p o g e n i e CO
Z 15 2

.

0 5 G tC
,

w hi e h e o r r e s p o n d s w it h t h e v a lu e in T a b le 1
.
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6 0

3 0

3 0

6 0 0
5

6 0 0
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w

g o o
N

嗡�(b)飞
6 0

3 0

30

60 0
5

6 0 O
E 1 2 0 1 8 0 12 0 60

o

w

F 19
.

5
.

A m a p o f th e e u m u la t i v e I n p u t (m o l m 一 2 ) o f a n t hr o p o g e n ie CO Z (a ) a n d a m a p o f t h e s t a n d in g

e r o p (m o l m 一 2 ) e a le u la t e d b y o u r m o d e l (b )
.

T a ble 2
.

A ir b o r n e Fr a e t io n (Pr e s e r ib e d A t m o s Phe r ie C O : C o n e e n t r a t io n ) fo r D zffe r e n t M
o d e ls

B o x d iffu s io n O u t e r o p d iffu s io n 3
一D O u r m o d e l

1 9 7 0 一 1 9 8 0 0
.

5 1 0 0
.

4 0 5 0
.

5 8 2 0
.

5 5 1

1 9 5 9 一 1 9 8 3 0
.

5 8 1 0
.

4 7 9 0
.

6 1 7 0
.

6 0 8

I t 15 d iffi e u lt t o g e t a n o b s e r v a t io n m a p o f o e e a n i e u p ta k e o f a n t h r o p o g e n i e CO
Z ,

fo r

t he q u a li t y a n d n u m b e r o f o e e a n o g r a p h ie e a r b o n s y s t e m m e a s u r e m e n t s a r e s e v e r e ly

1im it e d
.

H e r e w e e o m p a r e d th e m o d e l r e s u lt s w i t h t he o b s e r v a t io n o n e in a fe w la t it u d e

r e g io n s
.

T a n s e t a l
.

( 1 9 9 0 ) e s t im a t e s o e e a n ie u p t ak e o f C O
Z
b a s e d o n m e a s u r e m e n t s o f a ir

-

s e a CO
:
d iffe r e n e e fo r t h e p e r lo d b e tw e e n 2 9 7 2 a n d 1 9 8 9

.

T a b le 3 g iv e s t h e e o m p a r is o n o f

o u r m o d e l r e s u lt a n d t h e e s t im a t e s o f T a n s e t a l
.

T he fe a t u r e o f t he o e e a n ie u p t a k e o f C O
Z

g iv e n by o u r m o d e l 15 in a g r e e m e n t w i t h th e d a ta
一

b a s e d e s t im a t e s
.

T h e r e 15 a s tr o n g s o u r e e

in e q u a to r ia l b a n d
.

T h e r e 15 a s t r o n g s in k in s u b t r o p i e s o f t he S o u th e r n a n d N o r t h e r n

H e m is p he r e s
.

O u r m o d e l g iv e s a n a v e r a g e u p t a k e o f 1
.

8 1 G t C / a fo r t h e p e r io d b e tw e e n
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Flu x t o O eea n

众
e a n In v e n t o ry

妇
。

8 00 5 6 0 4 0 20 2 0 4 0 6 0 8 0 o
N

F ig
.

6
.

z o n a l in te g r a l (3 d e g
.

) flu x a n d s t a n d in g e r o p fr o m o u r m o d e l
.

1 9 7 2 a n d 1 98 9
,

in g o o d a g r e em e n t w ith th e d a t a 一

b a s e d e s t im a te s
,

1
.

8 8 G tC / a
.

H o w e v e r
,

a la r g e S o u th e r n H e m is p h e r e s in k 15 in e o n s is t e n t w ith r e s u lt s o b t a in e d fr o m a tm o s p he r ie

m o d e ls
.

T a b le 3
.

C o m p a r is o n o f T a n s e t a l
.

(1 9 9 0 ) A ir
一

S e a Flu x e s w ith O u r
M

o d e l R e su lts

R e g io n s

) 1s
o
N

T a n s O u r m o d e l

一 0
.

5 9 一 0
.

9 5

1 5
0

5一 1 5
o

N + 1
.

3 0 + 0
.

8 5

5 0 一 1 5
0

5 一 2
.

3 9 一 1
.

2 0

9 0 一 5 0
0

5 一 0
.

2 0 一 0
.

5 1

T o t a l 一 1
.

8 8 一 1
.

8 1

T h e la r g e S o u th e r n H e m is p he r e o e e a n ie s in k w h ie h 15 s u g g e s t e d by d a t a 一

b a s e d

e s t im a t e s r e q u ir e s a la r g e in t e r h em is p he r ie CO
Z t r a n s p o r t w ithin th e a tm o s p he r e fr o m

fo s sil CO Z s o u r e e s in the N o r the r n H e m is p he r e
,

e v e n a ft e r th e g e o g r a p hie a l d is t r ib u t io n o f

t e r r e s t r ia l b io t a s o u r e e s a n d s in k s 15 t a ke n in t o e o n s id e r a t io n
.

S u e h a t r a n sP o r t 15 n o t

s u Pp o r te d b y 3
一

D a tm o s p h e r ie t r a n s p o r t m o d e ls e o n s t r ain e d w ith the o b s e r v e d

in te r h e m is p he r ie C O
Z g r a d ie n t (T a n s e t al

.

1 9 9 0 )
.

T a n s e t a l
.

(1 9 9 0 ) s o lv e this d iffie u lty in the ir s e e n a r io s 5 to 8 b y ig n o r in g th e d a t a -

b a s e d So u th e r n H e m is p h e r e a ir
一 s e a e x e h a n g e flu x e s tim a t e s

,

w h ile a e e e p t in g tho s e in the

N o r th e r n H em is p he r e
,

a r g u in g tha t th e fo r m e r 15 r a the r p o o r ly e o n s t r a in e d by t h e d a ta

(S a r m ie n t o 1 9 9 2 )
.

T he s e s e e n a r io s g iv e a t o t a l o e e a n ie u p t a ke o f o n ly 一 0
.

3 t o 一 0
.

8

G tC / a fo r th e p e r io d s 1 9 8 1 一 1 9 8 7
.

H e n e e T a n s e t a l
.

Co n e lu d e th a t th e o e e a n i。 u p t a ke 15

a t m o s t 一 1 G tC / a
.

T h is 15 in e o n t r a s t to the r e s u lts o f T a ble 1
.
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K e e lin g e t a l
.

(1 9 8 9 b) 3
一

D a tm o s p h e r ie CO
Z t r a n s p o r t m o d e l 15 n o t a b le t o s u p p o r t a

la r g e in t e r h em isPhe r ie t r a n s p o r t o f C O
Z e ith e r

.

H o w e v e r
,

p u tt in g a la r g e flu x o f CO Z in t o the N o r th e r n H e m is p he r e

th ey s o lv e the Pr o ble m by

o e e a n P r im a r ily by a dju s tin g

th e ir p r e 一

in d u s t r ia l a ir
一s e a flu x e s t im a t e s

.

T he ir fin a l s e e n a r io ha s a to t a l O C e a n lC

flu x fo r 1 9 8 4 o f 一 2
.

3 0 G tC / a
,

a n d n e t t e r r e s t r ia l sin k o f o n ly 一 0
.

4 6 G tC / a
,

u Pt a k e

b o th o f

w h ieh a r e elo s e t o th e v a lu e s in T a ble l
,

a n d in g o o d a g r e e m e n t w ith o u r
O C e s n m o d e l

r e s u lt s
.

K e e lin g e t a l
.

a r e als o in a g r e em e n t w ith S e e n a r io s 1 a n d 2 o f T a n s e t a l
.

T a ble 4
.

C o m p a r is o n o f T a n s e t a l
.

(1 9 9 0 ) A ir
一

Se
a Flu x e s w ith K e e lin g e t a l

.

(1 9 8 9b )

T a n s K e e lin g (1 9 8 9 b )

R e g io n D a t a
S e e n a r io s

1 a n d Z

Se e n a r io s

5 tO S
R e g io n S e e n a rio

> 1 5
O
N

1 5
0
5一 1 5

o
N

5 0 一 1 5
0

5

一 2
.

4 一 0
.

6

+ 1
.

一 1
.

+ 1
.

一 1
.

) 1 5
.

6
o
N

1 5
.

6
0

5 一 1 5
.

6
o
N

一 2
.

3

+ 1
.

1

3 9
.

1一 1 5
.

6
0

5

9 0 一 5 0
D

S 一 0
.

2

一 1
.

6

十 0.

一 2
.

+ 0 5 9 0 一 3 9
.

1
“

S

一 1
.

1

干 0
.

0

�b�h月任n�110山

一+一

t o t a l 一 0 5 t o t a l 一 2
.

3

尸011

A n a ly z in g t h e is s u e s o f T a n s e t a l
.

a bo u t th e e a r b o n e y e le
,

T o g g w e ile r ( 1 9 9 5 )

e o n e lu d e d t ha t t h e o e e a n 15 n a t u r a lly t r a n s p o r t in g e a r b o n a e r o s s la t it u d e e ir e le s o r b e t w e e n

t he h e m isPh e r e s
.

M e r id io n a l tr a n sP o r t s w ith in t he o e e a n im p ly t h a t t he r e a r e n a t u r a l CO
Z

flu x e s b e t w e e n t he o e e a n a n d a t m o s p h e r e w h ie h in flu e n e e a tm o s p h e r i e C O
Z g r a d i e n t

.

T h e

o e e a n a n d la n d a ls o e x e ha n g e e a r b o n (v ia r iv e r s )
.

T he s e a s p e e t s o f t he n a tu r a l e y e le a r e

n o t ta k e n in to a e e o u n t in t he T a n s e t a l
.

a n aly s is
.

T h e e o n e lu s io n o f K e e lin g e t a l
. ,

w h ie h

t h e o e e a n 15 n a t u r a lly tr a n s p o r t in g e a r b o n a e r o s s la t i t u d e e i r e le s fr o m N o r t h e r n

H e m is p h e r e t o S o u t h e r n H e m isPhe r e
,

15 b a s i e a lly e o r r e e t
.

W
e e o m Pa r e o u r m o d e l r e s u lt o f p r e 一

in d u s t r ia l a ir
一 s e a flu x w it h t h e a s s u m Pt io n o f

K e e lin g e t a l
.

(a s in T a b le s) w h i e h 15 t o s ay th a t a n th r o p o g e n i e CO
:
15 b e in g a d d e d to a

s ys t e m in w h i e h t he a t m o s Ph e r e n a t u r a lly t r a n s Po r t s CO
Z
fr o m th e So u t h e r n H e m isPh e r e t o

t he n o r t h a n d t h e r e le a s e o f fo s s il fu e l CO
Z in t h e N o r t he r n H e m is Ph e r e e u r r e n t ly

o v e r w he lm s t he n a t u r a l in t e r he m is p h e r ie e y e le a n d r e v e r s e s t he a t m o s p h e r ie g r a d i e n t
.

O u r

m o d e l r e s u lts a r e in g o o d a g r e e m e n t w it h t h e o n e o f K e e lin g e t a l
.

b e t w e e n 1 5
.

6
o

N a n d

3 9
.

1
“

5
.

w e d o n o t e o n s id e r t h e r iv e r in P u t o f CO
Z ,

a b o u t 0
.

8 G tC (Sa r m i e n t o e t a l
.

1 9 9 3 )
.

If w e a d d t he r iv e r in p u t in to th e N o r th e r n H e m is p he r e
,

in e r e a s e t he in t e n s it y o f th e

N o r t h A t la n t ie D e e p W
a t e r

.

T h e n t he o e e a n w ill u p t a k e m o r e a n t h r o p o g e n ie C O
z
in t h e

N o r t he r n H e m i sPhe r e a n d th e n t r a n sP o r t s it t o t he S o u t he r n H e m is p he r e
.

T h e r e fo r e o u r

m o d e l r e s u lts o f p r e 一

in d u s t r ia l d e m o n s t r a t e p a r t ly t he a s s u m p t io n o f K e e lin g (1 9 8 9b )
.
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T a ble 5
.

C o m p a r is o n o f O u r
M

o d e l
’

5 R e s u lt in P r e 一
in d u s t r ia l A ir 一

Se a Flu x w it h K e e lin g e t a l

R e g io n s

> 1 5
.

6
o
N

K ee lin g (1 9 8 9 b )

一 1
.

6 9

+ 1
.

8 3

一 0
.

5 8

+ 0
.

4 4

O u r m o d e l

1 5
.

6
0
5 一 1 5

.

6
o
N

3 9
.

1 一 1 5
.

6
0

5

9 0 一 3 9 1
0

5

to ta l 0
.

0

一 0
.

7

+ 1
.

6

一 0
.

6
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