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Background

Ocean-produced sea-saltaerosols are the most numerous
naturally emitted aerosols.

Effects:
 Air quality and visibility of the coastal cities
e Direct andindirect climate effects

* Related with the salinity upperboundary layerin the Ocean
Generation Circulation Model (OGCM), the small quantity
perturbation of salt flux can modify the ocean’s meridional
circulation (Bryan, 1986; Marotzke et a/. 1988, 1991; Weaver,
1991; Hofmann and Rahmstorf, 2009)
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( Textoretal., 2006, Analysis and quantification of the diversities of aerosol

life cycles within AeroCom, ACP)
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What we do?

Goals:
e Parameterization

e ModelSupport

Characteristics e 0273
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Outline

1. Atmospheric Boundary Layer (ABL)
observations and analysis

2. Methodology

3. Results

4. Conclusions



BL Observatlons and analysis

% Northern Hill Station

Observation statior"l'
on Zhizi Island

Observation
Platform

Marine Meteorological Science
Experiment Base
(Bohe, Guangdong, China)
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Instruments settled on the platform




Two typical cases

* Typhoon: Hagupit, September 2008, data from Zhiziisland
& observation platform;

on Zhizi Islan

TR GO v o . ey L 10-min average:
3-secinstant: 64
- 'm/s
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trajectory of Typhoon Hagupit

e Coldsurge:Jan.-May 2012, data from Observation
o atfR9aars: 10 m/s; 103 hours: 12 m/s

Observations are continued...
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ABL characteristics analysis
Hagupit: Cold surge:
60 m UA from Zhizi tower Two levels UA from Observation platform
™ u, mean33.4m/s :d ; ._ :8111 T |
60 1 ¥, mean2.8m/s 12 i
:g 40-‘ ' q ulnal i (i IJ.J|| ..i_ . .hl'|J| AL ' IIL 4 I'.'n i WA P ; . TI‘
E soTAmRT L A _ . 1Y i | ! ! e
2 Bl 1 | | L
8% | | x e e : e
0 10 20 30 40 50 60 4 [

20085F9 H24H 453 _ AT
Time series of vand wduring S LA i, e L
0400-0500 BST 24 September 2008 ” e
Timeseriesof vand wduring
2100-2130BST 23 March 2012

Cl: ABL nearthesea surfaceis not the classical Kolmogorov
turbulence, not completely random or isotropic.
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C1: there exists coherent gusty disturbances

u-u  Gustydisturbances: anisotropic with
rather strong coherency

velocity (m/s)

u, (m/s)

.15] Turbulent fluctuations: nearly randomand isotropic
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energy spectrum of the high-frequency turbulences
at different wind speeds
(black: cold surge; blue & red: Hagupit)

C2: Theenergyspectrum of the high-frequency turbulences
still follow the Kolmogorov’s law




Timeseries of the vand wprofiles
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C3: the 10-min average horizontal wind speed wvisalmost
independent of height
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Parameterization of friction velocity



- 2. Method of the transport of particles
in high-wind ABL

Why consider coherent gusty wind?
ABL: turbulence

Werner Heisenberg: "When | meet God, | am goingto askhimtwo
questions: Why relativity? And why turbulence? | really believe he will
have an answerfor the first."

Two progresses: intermittency & coherent structure

Brown-Roshko structur: T (Coherent.
in the mixing layer “@flriat, #4550 structurein ABL?
i ok Complex
underlying
surface)

Coherent structures are important to the maintenance and evolution
of turbulence, and alsoto the particle & energy transport.



The current transport method of the sea-spray droplets
is based on the classical turbulence theory

e Seasaltaerosols are usually lessthan 20 um;

* Thelarge size droplets would fall back into the ocean relatively quickly in
the absence of wind.

Water Sdmp(rﬂl) > V
——@: Water

Spray  Vapor X2 However, the large size spume are

Salt = Td(ror) > to(ror) Vapor
i usually generated because of the
Flux r(.:sdmp(r{}:) >S h|gh‘W|nd
o o..'_ .® Ti(T02) <.:':l‘-(.r;2)

Veron (2015): Annu. Rev. Fluid Mech.
* Transport & effects of large size spume are
stillin debate;

* The current schemes are notsuitable for

Salinity =S
Salt

4

Thelargesize (>20 um)
spume?

strong wind

15
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- The modified methodis
based onthe new characteristics of ABLin high-wind:

T /
U=u-+u
Ui . makes particlediffuse
| Transportin
+ high-wind
conditions

U, cause “mini-scale” advection



Vertical transport of the spume considering gusty wind

Modified Lagrangian stochastic model
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3. Resutls

* For ry,€l9, 12, 16, 20, 30, 40, 50, 60, 80, 90,
100] um and U,,€[10, 15, 20, 25,30,35] m s,
each size-velocity case

* 1,000 particles are calculated and the uplifting
ratios are obtained statistically



Can the large-size spume fly into the 100 m height in ABL?
Usingthe observationdatain coldsurge,
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e
The Uplifting Ratio for Spume during Strong Winds (10-35m s1)

o(m)

Uso 9 12 16 20 30 40 50 60 80 90 100

(m/s)
10 50.7 547 515 517 445 373 289 20.3 8.5 4.5 2.6
15 694 699 653 664 669 636 572 53.3 440 378 345
20 711 7338 71 714 713 721 6338 59.3 509 46.6 402
25 100 100 100 100 100 100 100 100 803 732 710
30 100 100 100 100 100 100 100 100 100 99.6 965
35 100 100 100 100 100 100 100 100 100 100 100

parameterization: 1=U2/(r,9)

-15.74°7 +79.35,
100 (BB0E> @= €00=0©0 8 =0 &= = = = =& = = =
_ ' hurricane (10ms*<U, <20 ms™ and 0.1< 2 <4.5)
$ 80F ]
~ 83.564 + 15.9,
S 60t cold surge l K =
x * ® |(20ms*<U,,<35ms* and 0.5< 2 <1)
® | 100.
20 (20ms*<U,,<35ms* and 1< 1 <14)
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Effective SSGF

The original SSGF for spume
(Andreas, 1998)
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Size spectrum of the uplifted spume
droplets at different wind speeds
(dotted line: original; solid: effective)




"Concentration
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Mass concentration & comparisons
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spume mass concentration for different

windspeedsat 100 m
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. Conclusions

e Transportsof sea-spray spumein high-wind
considering the coherent gusts are studied

e Large-sizespumecanflyintothe 100 m height
in the atmospheric boundary layer

e Thevertical fluxand mass concentration of
spume are estimated and comparable with the
current observations
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Characteristics
] = Analysis
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The ocean generation circulation model

o S22 ] -
g o Vs

= @

|3 e

=

55

= 3

(9.8)




= A TR
- b k]
.‘ E

Thank you for
your time and attention
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Mass flux of Sea-Salt aerosol using Monthly MEAN U, (SEP2008) (Tg/month)
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