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Hybrid model:

k, =k, +k,

Two parallel pathways expressed as separate

and additive contributions to the total kinetic rate
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Hybrid model:

kw =ko-l-kb

k, direct gas transfer through the unbroken surface

described by ordinary molecular and turbulent transfer
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Whitecap coverage, W

Hybrid model:
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Bubble model

Gas characteristics
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1) Independent bubble model 2) Dense plume model
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Bubbles exchange gas with A collective effect of the gas

surrounding water exchange of bubbles
independently of each other on surrounding water
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§ = air-sea flux measurements using EC
Indian Monsoon, July-August 2014

University of the
Highlands and Islands

Oilthigh na Gaidhealtachd
== agus nan Eilean



@& - __  Empirical whitecap parameterizations

8 ! T T T | | : eri |
2| MAP, 2006 |
M&M, 1980
or _
5r _
o y
X 47 / -
&
'o"
3r _
/ -
2 / / i
| / _
0 | mesanm ~——_ 8 ‘ ! ! 1 !
0 2 4 6 8 10 12 14 16
(ms™) §



DMS

ement

el

support

‘ bceanflux ghg
to scienc

erl

80

o © °
° % ooooo&o.
o®
e . o Sl 1
¢ L o.ooo oﬂo
e« ° ® o %ele d
) ov -3.0. d
i ¢ .. 0o~ i
aw o
° oo' e o
° o.‘o | i
N . )o ° PR i
ST
oP® ®
i * . oo ooo&uo *
° “oﬁ ) 000 d
* So’ooo%”-n
. ©® 3y
. L4 Qo
P
o
7.
i 3 ool
® [ ]
o
o ¥
k.t
o o o o o o o
N~ (o 0o <t ™ AN -—
099
(.4 wo)

Oilthigh na Gaidhealtachd
nan Eilean

versity of the

Highlands and Islands

Uni
agus

12 14
A

10

-1
U10,is (m S )



DMS

bceanflux ghg
t to

¢

80

70

60 -

o0 -

—~~

~—

Y wo)

30

099

-

10

ity of the
Highlands and Islands
Oilthigh na Gaidhealtachd
n Eilean

Univers
agus na

(L

10 12 14

8
-1
L“QS(n1S )



bceanflux ghg

support to science element

@

80 . . . . ~
70k ki ki = kingW PRI
kw kb = kindW o o
60 r °’ .
= Kind e %.°

RN
o
|

University of the
Highlands and Islands

Oilthigh na Gaidhealtachd
== agus nan Eilean



‘ beeanflux gh:e — D M S

v support to science element Pe

(o
@
!

70}

A A
|

A A A
]

A A
o

‘T’-\ o0 r . : i
L o . o
c . . Y
S/ 40 B L P o e -
() .. °
S
xC) 30 = _

0 2 4 6 8 10 12 14 16

University of the
Highlands and Islands

-1
U 10is (m S ) (\.«G Oithgh na Gacheatachd



‘ oceanflux ghg D M S
suppo e elemen

G surpor to science element o
100 . . . , | | | eri-

A

80

o
()
T
L

0 2 4 6 8 10 12 14 16

University of the
Highlands and Islands

U -1
1 O |S (m S ) NG ?é'ﬁ?'ﬁ?n"%gifhe"'tac"d
7



@

bceanflux ghg

support to science e

100

80

lement

efi e

14

16

University of the
Highlands and Islands
N Oilthigh na Gaidhealtachd
& agus nan Eilean

I n Eil



bceanflux ghg

\- support to science element

-1
kW 560 (cmh)

100

80

60

> 40

20

co,

k,=k,+k,
k, =k, +k,

W o

16

University of the
Highlands and Islands

' = Oilthigh
m a Iusﬁa

8!

na

n Eil

Gaidhealtachd
ilean



‘ bceanflux ghg C O ,

support to science element

100 . . . . . . . en:-

80

A
=3
1|
A
o]
+
A
o

0 2 4 6 8 10 12 14 16

University of the
Highlands and Islands
Oilthigh na Gaidhealtachd
agus nan Eilean

3
Vs



@

bceanflux ghg C O
support to science element 2
1 OO T T T T T T T

E»
1|

o»
+
A

o

80

- 40_

-1
kW 560 (cmh)

20|




bceanflux ghg

@

-1
kw 560 (cmh)

support to science e

100

80

60

> 40

20

lemen

co,

eri-

k,=k,+k,
k, =k, +k,

k, =k, + k, (WW3)

14

16

University of the
Highlands and Islands
N Qilthigh na Gaidhealtachd
~ agus nan Eilean

8!



bceanflux ghg

' support to science element

co,

100

80

60 -

-1
kw,660 (cmh)

k, =k, + k, (MAP) independent

14

16

University of the
Highlands and Islands
€= 0ilthigh na Gaidhealtachd
@ 2515 ran Eilean

8!



bceanflux ghg

&« Known empirical relationships
150 I T T T T T T

LM86

environmental
research
insfitute

WM99
MO1

100  Noo :
HO6
W09

P10

kwﬁ60 (cm/h)

G12- DMS
50 | :

0 —— 1 1 1 1 I

0 2 4 6 8 10 12 14 16

University of the
Highlands and Islands

1 0,|S (m/ S) &E g);llﬁgiggnnaggi[?healtachd



bceanflux ghg

' support to science element e |
environmental
_D;Qd!ﬁwl

wes MAP, 2006
M&M, 1980

WM99
MO1
100  Noo
HO6
W09

P10

560 (cm/h)

w,

G12 - DMS

K

50

0 2 4 6 8 10 12 14 16

University of the

m/S) & Highlands and Islands

Oilthigh na Gaidhealtachd
m agus nan Eilean



bceanflux ghg

support to science element

150 1 | I | er| v

wes  MAP, 2006 O CO,

. M&M, 1980 ®DMS /
/

100  Noo

—
L HO6
-
(&) W09
N

o

3 P10

%4

= G12 - DMS
X<

50r .

16

University of the
Highlands and Islands
Oilthigh na Gaidhealtachd
agus nan Eilean



«® - eri-

' support to science element

The retrieval of air-sea gas transfer velocity from
space using the hybrid model

k_ from satellite altimeter o, , (and o) or U,

k, from bubble model and W

W from satellite U,,, brightness temperature, or model
kw = ko + kb
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Bubble model

Key assumptions and simplifications

Bubbles rise after injection to a shallow depth

Each bubble rises freely at terminal velocity for only 0.1 m

Free and mobile bubble surface, i.e. “clean” bubbles

The assumed bubble distribution
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