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Rationale —

ICAP Ensemble Sea Salt AODS

*Despite being one of the oldest areas of
aerosol research, there is much divergence
In published measurements and model
results.

*Despite similarities in source functions and
| meteorology, there is more spread/mean

| diversity in sea salt components in the

| ICAP multi-model ensemble than any other
| specie.

| «“Closure” of sea salt observations with
optics is thwarted by large measurement
uncertainty on both the microphysical and




AEROCOM Sea-Salt Emissions
Climate models are in worse shape.




Gong et al., [1997]
Order of magnitude =

uncertainty in
concentration

Porter and Clarke [1997]
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Sometimes Dilbertis a

bit close to home
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*Extra tropical cyclones

drive global sea salt

verification statistics in

aerosol models, but _
maybe not most relevant .
global sea salt budgets. S

*But, these are the most e
challenging regions to
measure, or even

define.

NOAA P-3
on landing




Particle Formation
Is it as simple as this?

Regardless, volume and
number controlling
processes are likely

decoupled.
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A Current Challenge Reconcule
microphysical and optical properties

First we must come to grips that coarse mode marine aerosol
systems are perhaps the most complex observability
problems in aerosol science. Ask yourself what problem are
you trying to solve? Because right now one size fits none.

For ICAP’s problems, at the moment we need to reconcile
remote sensing and model views of the coarse mode sea salt

aerosol system. Questions include:
What are we measuring? In situ measurements of particle size,
chemistry, source/sink.

What are we seeing? Satellite and surface remote sensing of
aerosol properties.

How do we bridge the two? Thermodynamics.
These will be demonstrated through examples from

ONR field campaigns. Usually | am not so Navy
centric, but this is the stuff you need to know.




Start with measurements:

All Coarse Mode -Measurements Have Issues
See Reid et al., 2006 for-a full discussion.

Sea Salt; Reid et al, 2006

Reid et al, 2003

Reference Region MVODWD  Geo. S Dev.
m (@)
Aerodynamic Vethods
DAneidaet al., [1987] Stera 3+ 21
Gomeset dl., [190] Algpria 3405 18
Goes and Glllette, [1993] Tedzikistan 3-6 -
Qiluetal., [19%) Tutey (fromLibye) T+ -
Meentawt, et al., [1999] Negev Desart 5+ -
Maringet al., [2000] Carary Islands 5+
Patterson and Gllette[1977] Teas 6+l 22
Reidetal., [194] Oners (Dy) Laketed 4+ 23
Siricerkovet al., [1993] Tedzikistan 5+ 19403
Tabatet ., [1989] Barbecks 32408 25
PRIDE Sty RetoRio(Sheran) 35+ 20
Vean 44112 21402
Optical IVethods
Ademenand Cox [1987] Avabian S 1242 ~2
Cahilletal. [1994] Oners (Dy) Lake >5 -
Carlsonand Caverly [1977] Capo \erce 1312 21
Gdllirs et al., [2000] Tenerefe >8 -
Levinetal., [1980] Isreel >5 -
Porter and Qarke [1997] Havaii (Asian) 65+1* 22
Siiricerkovet al., [1993] Tadzhikistan 9+ 20
PRICE Sudy Plerto Rico (Saheran) 9+l 15
Mean >9 20

*Etirrated fromgiven surface median dianeter and geonetric standaros deviation using Hatch-Choet

eqLetios

Aerodynamic Particle
Sizers(dry)

Ivaning etal., [2003]
Quinn et al., [1996]
Thas study

Cascade actors
Hoppel etal. [1989]

Howell and Huebert [1998]

Ivlarks [1990]

WicGovem, et. al, [1994]

Quinn et al., [1996]
Quinn et al.,, [2001]
Reid et al, [2003]
Savoie (unpublished)*

Op tic al Particle Counters

Clarke et al., [2003])
Extonetal, [1986]
Gathraan [1982]

Gras and Axers [1983]

Fairallet al 1963 ]Achactazatal, 1961]

Gerber, [1985]
Horvath et al, [1990]
Horvath et al, [1990]
Kiraetal., [1995]
Reid etal, [2001]

Sievering et al, [1987]
Kiraetal ., [1990]
Shettle and Ferm[1979]
Sievenng et al, [1987]f
Kimmetal., [1990]
Sraithetal ,[1993]
wan Eijﬁ: and De Leeuw
[1992]

wvan Eijjk and De Leeuwr
[1992]*

This study

Irnwersions (amb ient)
Sraimov etal., [2003]
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Deploy EC instruments to starboard boom on FLIP
Campbell Sonic, LICOR H,0/CO,, FSSP, PCASP

Deploy mean aerosol instruments to upper deck
Dried inlet, APS 3320, TSI Neph, CSASP DOA

Use CIRPAS Twin Otter for vertical distribution
Use site as receptor for Hoppel and Co.

Advantages: Stable platform, long fetch




Marine Aerosol Implications

Geochemical Cycles/Model Validation
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Marine Aerosol Size Distribution Issues ——

Do the sizing biases we found for dust extend to sea salt?
Most OPC data in the literature cannot be _trusted at face value.

Particle Sizer Intercomparison Sept. 10 2001
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Optical Particle Counter Biases

Probably needs to be excluded in review paper “means”
See Reid et al., 2006/2007

Response Curve Degeneracy
Channel/Gain Bias
Reporting/Curve Fit Bias
Inlet/Humidity Bias

Sample Volume

Please show me how you can
calibrate around this!
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Vertical Profile/Column Closure Bias:
FSSP: Instrument response to increasing
humidity unphysical. We are getting an
image of the response function back.
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Marine Aerosol Measurement Implications:

Extinction/Column Closure Failures for Cleaner Background:

Environments
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Hygroscopicity Bias: Organics need to be
accounted for. Current algorithms (such as
Gerber or Tang) overestimate hygroscopicity.
Crahan’s results from RED make more sense.
Difference in AOT can be a factor of 2
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RED: Environmental Coh_ditic')ﬁ_s_'._' o
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Naval Researc aDOractory
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Cm versus Wind
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Bill Keene’s Bubble Maker:
Looking at how ocean
properties influences

production

Los Angeles
0 Long Beach
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SST (°C); Salinity (psu)

Sub-pm Flux (cm2s-')

301 —=a7 ﬂ 30
] — Zalinity .'“,r‘ ™ U"*Hi'llr' [
| e i _
] IJ | [
] | : ] '
4 ﬂ L
10 sl oL Y JMI -
] . SO I
-".v_.-J |'l.u_|f'l 'f"""l ‘I"'-._,-
0- . . . - . Lo
; | g
100001 o T - ! \ 500
Sﬂﬂﬂ: ﬁ“f// \[ uﬂhfn“' Y n 5459
60001 = 1300
7 Sub-pm / \ Wl
4000 “fnk“w» 200
: V) Y :
2000+—— Time, hh:mm (UTC, 2-Jun-10) L 100
G- — T T - T - 1 ﬂ
1800 19:00 2000 2100 2200 2300 000

Time, bhvmm UTC, 2 June 2010

Chla (ug L)

Super-pm Flux (cm-2s-1)

500,

400

300

Super-uym Flux (cm

2001

100]

100004

Sub-pm Flux (cm2s1)

8000

60004

Chla (pug L")

3704 1 —

0

10

Chl a,ugL-1

15 20



Number Size Distributions in Head Space
o bubble dynamics converge to stabilize coarse mode si.

Fine (I Frits

Dry GMD (pm)
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Dry Depo;‘,ition _ -

Slinn: “This Is an algorithm o be tested, not a
parameterization to be used....”

Need to distinguish between production and net flux.

Dry deposition is as much as the source problem as the
source.

From a measurement point of view it is seldom considered.

From a modeling point of view it equally defines MBL
concentrations as the source.

| still do not know what to think about Hoppels source
function, but in modeling space his logic seems sound.




actual measurement of source flux inthe —
literature.

Shore Sea
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The Null Hypothesis. Regional variability - —

Do different parts of the world create different particles? Are surf
zone particles like open ocean particles?

Differences by “investigator” is consistent
between regions of the world.

*Very few measurements at high wind
speeds and variable ocean/wave
conditions.

*There are physical reasons why open
ocean and surf particle fluxes could be
different. E—

oIf they are different, then surf would
probably be larger.

*Does relative comparability (order of
magnitude) of recent fluxes imply 1Surf-zone
everything comes out in the wash? Is this — ,]Slrkeetal, 2003

0.01 0.1 1 10

really something we can forward model? o
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problem for data aSS|m_|Iat|on

*S. ocean aerosol anomaly: R 0.1
Fact or cloud bias?

*N. oceans have same
problem, but often attributed
to pollution.

*Cloud issues: Masks, 3d

radiation effects, pixel DA Ver5|0n

sampling, and some reality. AT R
*Model winds helps with lowe

boundary condition.
-Mlcrophysms’? Sampling?




Marine AOD- A Satellite Perspectlve

~Who's satellite obs do_you trust?

‘c ¥
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~ OMI OMAERUVG " OMIOMAEROe -~ OMI OMAERUVG

5 0.075 0.125 0.15 0.2 025 03 04 05 06 0.8
2005 Aerosol Optical Depths
AVHRR (670 nm), MODIS Col 5, Deep Blue SeaWiFs (550 nm), OMI (500 nm)




HEROMET Maritime Perosol Metwork

Cruise tracks and daily averages of aerosol optical depth at 500 nm (squares are colored
with respect to AOD values, i.e. yellow —
0.2<A0D<0.3 orange — 0.3sA0D<0.5




AEROMWET Maritime Aerosol Metwork

Cruise tracks and daily averages of coarse mode aerosol optical depth at
500 nm (squares are colored with respect to coarse AOD values, i.e. grey
— AOD<0.05, yellow —
0.2<A0D<0.3 orange — 0.3<A0D<0.5




RMSE (org. MODIS and AERONET)

0.1

0.01

Over most of the ocean_the AOD is at the

satellite retrieval noise floor.

Aqua-diagnostic

o o
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actually measure mass.
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Lets look at more extreme events!
This Is your lower boundary condition.
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Power loss power to three of
four engines over the northern
Atlantic Ocean at ~800 m altitude

in a powerful extra-tropical
cyclone.

*These failures left insufficient
power for sustained flight and
crew prepared to perform an in-
water emergency landing.

«After passing though a minor
one-minute long rain band, pilots
were able to restart the engines
and return home safely.
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Salt on a P3 after ﬂylng into a North
Atlantic bomb... —




NOGAPS/ IR Image
A classic extra tropical bonb




Dropsonde
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Cold air over the guif streant
enhanced mixing further
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A Two Dimensional View: CALIPSO
Maximum salt altitude 1_.5-'2 km

February 10, 2007, ~4Z Cold
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Summary and Closmg T:hou-g-ht_s_--'

*Despite being one of the oldest fields of aerosol research, uncertainties on
many basic sea salt parameters and hence models remains high.

*Verification statistics are driven in extreme event where
measurement is difficult, and even common definitions
break down. In many cases, they may not even be relevant.

*Based on field data, we have found that most of these uncertainties can be
traced back to specific systematic errors in particle sizing and
thermodynamics. The question is how much legacy data is correctable? Can
this lead to something that can improve prediction?

Remote sensing is a powerful tool (see Travis Toth’s Poster Friday), but
errors are equally large and tend to be positive definite (LBC, Clouds,
Microphysics). Lots of good work has been done studying the effects, but the
native product may not be appropriate.

*But there is hope! Modeling capablility and new observations are making
headway.
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