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1. Introduction

In the last several decades the interest in sea salt aerosol has grown, partly
because it is essential for explanation a large portion of the difference in 
clear sky top of the atmosphere irradiance between the observation (CERES)
and modeling study over ocean. 

Global averaged, sea salt dominates the radiative transfer in the marine 
atmosphere compared to all other aerosols.

Sea salt is important for understanding both past and future climate changes.
to the end of this century, IPCC scenarios are predicting an additional 
-0.8 W/m2 direct sea salt solar forcing as increasing of sea salt burden
(Penner et al. 2001).

Therefore it is important to a correct parameterization to evaluate the sea salt 
optical properties accurately.



2. Sea salt growth and size distribution 

From observations, all sea salt particles 
(diminish) in size as relative humidity 
increase (decrease) (Tang et al 1997)

Sea salt is generated at ocean surface by 
various mechanisms including bubble 
bursting and the generation of spume 
droplets

The growth factors is function for both of 
the relative humidity and dry particle size. 
However for dry size larger than 0.1  the 
dependent on dry size is very weak, except 
for relative humidity close to 1



CCCma aerosol model did good job in
simulating salt size distribution. It is
single mode for sea salt only!



μ

μ

μ



1.
 P

ar
am

et
er

iz
at

io
n 

of
 se

a 
sa

lt 
op

tic
al

 p
ro

pe
rti

es

N
ow

 C
C

C
m

a
ae

ro
so

l m
od

el
 c

an
 si

m
ul

at
e 

th
e 

se
a 

sa
lt 

si
ze

 d
is

tri
bu

tio
n 

pr
op

er
ly

 b
y 

PL
A

 m
et

ho
d 

 (S
al

ze
n

20
05

), 
no

t j
us

t u
si

ng
 tw

o 
dr

y 
si

ze
 m

od
es

. 
Th

is
 is

 th
e 

m
ai

n 
m

ot
iv

at
io

n 
fo

r g
en

er
at

in
g 

a 
ne

w
 p

ar
am

et
er

iz
at

io
n 

w
hi

ch
 c

an
 

de
al

 w
ith

 se
a 

sa
lt 

ae
ro

so
l d

is
tri

bu
tio

n 
w

ith
 a

ny
 v

al
ue

s o
f e

ff
ec

tiv
e 

ra
di

us
. 

Th
er

e 
ar

e 
tw

o 
ap

pr
oa

ch
 fo

r g
en

er
at

in
g 

th
e 

pa
ra

m
et

er
iz

at
io

n 
of

 o
pt

ic
al

 p
ro

pe
rty

 
fo

r s
ea

 sa
lt

B
as

ed
 o

n 
w

et
 si

ze
 d

is
tri

bu
tio

n 

B
as

ed
 o

n 
dr

y 
si

ze
 d

is
tri

bu
tio

n,
 fi

rs
t u

si
ng

 p
ar

am
et

er
iz

at
io

n 
as

so
ci

at
in

g 
th

e 
w

et
 si

ze
 to

 d
ry

 si
ze

 fo
r d

iff
er

en
t r

el
at

iv
e 

hu
m

id
ity

)
,

(
RH

r
a

e
i

i
iψ

ψ
∑

=

)
,

(
~

RH
r

a
De

i
i

iψ
ψ

∑
=



Pa
ra

m
et

er
iz

at
io

n 
ba

se
d 

on
 

th
e 

w
et

 si
ze

 d
is

tri
bu

tio
n,

 

5 
pr

ev
io

us
 c

al
cu

la
te

d 
re

su
lts

 
Fo

r e
ff

ec
tiv

e 
ra

di
us

 0
.7

3,
 

17
5,

 2
.7

5,
 4

 a
nd

 6
.1

3 
um

Th
e 

re
su

lts
 fo

r o
th

er
 

ef
fe

ct
iv

e 
ra

di
us

 a
re

 o
bt

ai
ne

d 
th

ro
ug

h 
La

gr
an

gi
an

in
te

rp
ol

at
io

n

1.
5 

um
3.

0 
um



Pa
ra

m
et

er
iz

at
io

n 
ba

se
d 

on
 

th
e 

dr
y 

si
ze

 d
is

tri
bu

tio
n,

 

8 
pr

ev
io

us
 c

al
cu

la
te

d 
re

su
lts

 
Fo

r e
ff

ec
tiv

e 
ra

di
us

 0
.3

5,
 

0.
5,

 0
.7

3,
 1

.2
, 1

.7
5,

 2
.7

5,
 4

 
an

d 
6.

13
 u

m

Th
e 

re
su

lts
 fo

r o
th

er
 

ef
fe

ct
iv

e 
ra

di
us

 a
re

 o
bt

ai
ne

d 
th

ro
ug

h 
La

gr
an

gi
an

in
te

rp
ol

at
io

n



4.
 P

hy
si

cs
 a

ss
oc

ia
te

d 
w

ith
 se

a 
sa

lt 
ra

di
at

iv
e

fo
rc

in
g

U
si

ng
 si

ng
le

 c
ol

um
n 

m
od

el
 w

ith
 st

an
da

rd
 a

tm
os

ph
er

ic
 p

ro
fil

e 
to

 c
al

cu
la

te
 

th
e 

se
a 

sa
lt 

fo
rc

in
g 

ba
se

d 
on

 th
e 

ne
w

 p
ar

am
et

er
iz

at
io

n.
 It

 is
 m

uc
h 

ea
si

er
 to

 
un

de
rs

ta
nd

 th
e 

im
po

rta
nt

 fa
ct

or
s d

et
er

m
in

in
g 

th
e 

se
a 

sa
lt 

fo
rc

in
g 

by
 u

si
ng

si
ng

le
 1

-D
 c

ol
um

n 
m

od
el

.

U
si

ng
 G

C
M

 to
 e

va
lu

at
e 

th
e 

se
a 

sa
lt 

gl
ob

al
 fo

rc
in

g



A
lm

os
t l

in
ea

r i
n 

so
la

r a
nd

 in
fr

ar
ed

 fo
rc

in
g 

co
rr

es
po

nd
in

g 
to

 th
e

se
a 

sa
lt 

lo
ad

in
g.

 
Si

nc
e 

th
e 

op
tic

al
 d

ep
th

 o
f  

se
a 

sa
lt 

is
 fa

r l
es

s t
ha

n 
th

e 
ga

se
ou

s o
pt

ic
al

 d
ep

th
, 

pe
rtu

rb
at

io
n 

th
eo

ry
 c

an
 w

el
l e

xp
la

in
 th

e 
lin

ea
r r

es
ul

ts
.



So
la

r f
or

ci
ng

 a
t s

ur
fa

ce
 to

 v
ar

ia
tio

n 
of

 su
rf

ac
e 

al
be

do

Se
a 

sa
lt 

ov
er

 h
ig

h 
al

be
do

(li
ke

 se
a 

ic
e)

 
C

ou
ld

 h
av

e 
dr

am
at

ic
 im

pa
ct

 o
n 

th
e 

fo
rc

in
g.

D
im

in
is

hi
ng

 ra
pi

dl
y 

as
 su

rf
ac

e 
al

be
do

cl
os

e 
1

N
et

 so
la

r f
lu

x 
at

 su
rf

ac
e 

ap
pr

oa
ch

 to
 z

er
o



So
la

r f
or

ci
ng

 to
 v

ar
ia

tio
n 

of
 so

la
r z

en
ith

 a
ng

le

Fo
r s

ol
ar

 z
en

ith
 a

ng
le

  l
es

s t
ha

n 
30

 d
eg

re
e 

th
e 

se
a 

sa
lt 

so
la

r f
or

ci
ng

 b
ec

om
es

 p
os

iti
ve

, o
pp

os
ite

 
to

 c
om

m
on

 a
cc

ep
te

d 
co

nc
ep

t t
ha

t a
er

os
ol

 so
la

r 
fo

rc
in

g 
is

 a
lw

ay
s n

eg
at

iv
e.

 

Th
is

 c
an

 b
e 

us
ed

 to
 p

re
di

ct
 a

 lo
w

er
 fo

rc
in

g 
in

 
tro

pi
c 

re
gi

on
 w

he
re

 th
e 

ch
an

ce
 fo

r s
m

al
l s

ol
ar

 
ze

ni
th

 a
ng

le
 is

 la
rg

er
 th

an
 e

xt
ra

-tr
op

ic
s

Fo
r s

m
al

l s
ol

ar
 z

en
ith

 a
ng

le
 th

e 
st

ro
ng

 fo
rw

ar
d 

sc
at

te
rin

g 
pe

ak
 c

au
se

s p
ho

to
ns

 to
 h

av
e 

a 
hi

gh
 

pr
ob

ab
ili

ty
 to

 p
en

et
ra

te
 th

ro
ug

h 
th

e 
se

a-
sa

lt 
la

ye
r a

s t
he

y 
w

ou
ld

 d
o 

in
 a

bs
en

ce
 o

f t
he

 se
a 

sa
lt.





JJ
A

D
JF

1.
34

 W
/m

2

1.
54

 W
/m

2



5.
  C

on
cl

us
io

ns

Pr
ev

io
us

 a
ss

um
pt

io
n 

fo
r d

ry
 se

a 
sa

lt 
di

st
rib

ut
io

n 
 w

ith
 tw

o 
dr

y 
ef

fe
ct

iv
e 

ra
di

i 
is

 in
co

rr
ec

t 

It 
is

 b
et

te
r t

o 
pa

ra
m

et
er

iz
e 

th
e 

se
a 

sa
lt 

op
tic

al
 p

ro
pe

rti
es

 b
as

ed
 o

n 
w

et
 si

ze
 

di
st

rib
ut

io
n.

 T
he

 n
ew

 p
ro

po
se

d 
pa

ra
m

et
er

iz
at

io
n 

w
or

ks
 v

er
y 

w
el

l f
or

 
co

nt
in

uo
us

 si
ze

 d
is

tri
bu

tio
n 

w
ith

 a
ny

 v
al

ue
s o

f e
ff

ec
tiv

e 
ra

di
us

.

B
ot

h 
th

e 
se

a 
sa

lt 
so

la
r a

nd
 in

fr
ar

ed
 fo

rc
in

g 
w

er
e 

sh
ow

n 
to

 re
sp

on
d 

lin
ea

rly
 to

 
th

e 
se

a 
sa

lt 
lo

ad
in

g

It 
is

 in
te

re
st

in
g 

to
 n

ot
e 

th
e 

se
a 

sa
lt 

ca
n 

ge
ne

ra
te

 a
 p

os
iti

ve
 so

la
r f

or
ci

ng
 w

he
n 

so
la

r z
en

ith
 a

ng
le

 is
 le

ss
 th

an
 3

0 
de

gr
ee

 a
nd

 a
ls

o 
it 

ca
n 

ge
ne

ra
te

 n
eg

at
iv

e 
in

fr
ar

ed
 fo

rc
in

g 
w

he
n 

th
er

e 
is

 a
 te

m
pe

ra
tu

re
 in

ve
rs

io
n.

 


	Parameterization of Sea Salt Optical Properties and Physics of the Associated Radiative Forcing�

