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Ship Sampling Objectives

 Emissions
« Transport and Transformations

e Aerosol Radiative Forcing




WHOI R/V Atlantis
May 10 — June 8
Depart: San Diego
Arrive: San Francisco
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Instrumentation on O2 Deck

AeroChem

Guest van

NR speciation (WToF-AMS)
Light extinction (CaRDS)
Light absorption (PAS)

Single particle analysis (ATOFS)

Aerosol properties as a function of volatility:

Black carbon and shell composition (SP-AMS, SP2) dual SMPS)

Aerosol properties:
Organic acids (PILS-IC)
NR speciation (Q-AMS)
OC/EC (Sunset labs)
CCN (DMT)
Aerosol volatility (thermal denuder,

S02, O3

i Hygroscopic growth (HTDMA)
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Aerosol properties:

“59 Number size distribution (DMA, APS)

, % Light scattering and f(RH) (Nephs)

52 /T{ Light absorption and f(RH) (PSAP & PAS)

02 DECK, rvananns

Boundary layer dynamics
Updraft velocity

MABEL /
NO; NO2; NOy; PANS; O3; CO;

Light extinction and f(RH) (CaRDS)
Black carbon mass (SP2)
Composition (Impactors)

Radon

Tower
Gas phase inlets
Radiometers (SSFR)

CO2; SO2; jNO2; jO3; jNO3: CINO2; HCI

VOCs
VOCs: GC_FID; PTR-MS
Alkyl N; NO3; N205; HO2/R0O2




Instrumentation on O1 Deck

AlVan \

Aerosol composition (Impactors):
Inorganic ions (ICs)
Organic speciation (LCMS)




Instrumentation on Main Deck

PMEL SW

Seawater DMS :
Chlorophy! (fluorescence) Univ VA

Seawater TOC

Seawater bubble/aerosol generator
Aerosol number size distribution

Cloud liquid water path (microwave radiometer)
Cloud structure, precip (cloud radar)
Cloud height (Ceilometer)







Atlantis Planned Study Regions Emissions, Transport
and Transformation

San Francisco Bay,
Oakland Harbor,
Sacramento River
and Turning Basin

California it Wi
i I| I. -"‘E"‘H :

S. California coast,
Long Beach Harbor,
Santa Barbara
Channel

Aerosol — Cloud
Interactions

Regions of pollution
outflow and stratus
clouds up to 100 nm
offshore




Atlantis Planned Study Regions Emissions, Transport
and Transformation

S. California coast, Long
Beach Harbor, Santa
Barbara Channel

California _sesel/
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« Emissions from Long Beach
Harbor

» Ship emissions

* SOx sources and
transformations

« Urban emissions mixing with
| marine boundary layer air
. _Sa,.",'---ED_iE_.-Q;.j masses during periods of
o) -+ offshore flow

» Characterization of upwind
air masses during periods of
onshore flow

» Marine boundary layer
structure and dynamics



 Surveys of SO, and SO,= in harbor areas and during alongshore transects will help
in the evaluation of sulfur sources and transformations in areas that are difficult to
sample without a ship.

» The ship will be able to assess compliance to the mandated reduction of marine
fuel-S used within 24 miles of shore.
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Southern California Shipping Lanes
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Characterization of ship emissions: Santa Barbara Channel
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Atlantis Planned Study Regions Emissions, Transport
and Transformation

San Francisco Bay,
Oakland Harbor,
Sacramento River
and Turning Basin

* Emissions
» Harbor
* Ship
* Oil refineries

» Marine boundary layer
structure and dynamics




San Francisco Bay, Oakland Harbor,
Sacramento River and Turning Basin
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Ship Emissions

Point to a Ship for Details -+ Paszenger Ship

Fal . ; Cargo Ship
ux e 4 ; = : 5 ; Tanker

: = Tug

# Pilot Boat
Military 2 Law
Pleasure Boat

* Richmon

s = Other Ships
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Sacramento turning basin
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Location - The Sacramento area is the fastest growing fuel market in California
— Cheavron, BR, Shall, and ConocoPhillips gasoline and diesal terminals within a 3-mile radius
- 3 million potential customers within a 50-mile radius

- Shell Oll Company

2 -Arco/BP

Additional Services Available Heating

Land-side loading
Agitation

Monitoring

- Throughput maximization
Monitored weighing scales
Sampling and analysis
Dedicated piping

Mitrogen blanketing

- Floating roofs BEGIN
START OF OPERATIONS
PERMITS COMSTRUCTION .
PRELIMINARY FINALIZED
PORT OF SACRAMENTD  ENGINEERING COMPLETED
SELECTS PRIMAFLIEL
SITE
EVALLIATION ]
: ] :
January May January July Decambser February

2007 2007 2008, 2008 2008 2010



Marine boundary layer structure and dynamics
 Coastal jet

 Coastal oscillations (land-sea breezes)

e Southerly surges

Experimental approach

» Transects parallel and
perpendicular to the coast
(extent and magnitude)

 Time series at fixed locations |

o

(diurnal variations) e s fa
SEL Francisé"é--gﬁ_
* Surveys at key inflow locations S

(Los Angeles basin and the "o
Central Valley through San
Francisco Bay)

0O Sa.ramento

’ ; :
5 CEEIE

(V2

O Fresno




Aerosol Radiative Effects



Radiative Effects of Aerosols

1. Aerosol direct radiative forcing

» Since the concept of aerosol-radiation-climate interactions was first
proposed around 1970, substantial progress has been made in
determining the mechanisms and magnitudes of these interactions.

* Yet aerosols still pose the largest uncertainty in calculations of
radiative forcing of the climate system (IPCC, 2007).

* In situ instruments that have been developed over the past decade
allow for the measurement of relevant aerosol properties with high
accuracy and fast time resolution (AMS, PAS, CRD).

e Theresultis:

e animprovement in regional aerosol chemical, microphysical,
and radiative property characterization and

e strong constraints for satellite retrievals and model simulations
of aerosols and their direct radiative forcing.




The effect of chemical composition on the relative humidity dependence of light

scattering for the NEAQS study region

Increasing f(RH) -2

f,+p(RH) (66, 30)

-

~ _ E. Gulf of Maine

|
0.10
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Increasing organic mass fraction --->




Radiative Forcing Efficiency

Change in broad-band irradiance with aerosol optical depth

Campaign

ICARTT

INDOEX
INDOEX
ACE-Asia
INDOEX
ACE-Asia

895¢

495

Redemann and Pilewskie, et al, 2000

Meywerk and Ramanathan, 1999

8904\ 4901
rg 885+ ) E 4851 @
% 880 %J asof .‘\.\
z 3 L
(] : 0 3
o 875 v 475f <G
870F i 470t ’ \'.\-
832 034 036 038 04 042 044 046 4932 034 036 038 04 042 044 046
AATS-14 AOD(499nm) AATS-14 AOD(499nm)
A Range Mean Std. Dev Reference
(nm) (Wm32) (Wm?)
350-700 -45.8 13.1
350-1670 -82.9 23.1
400-700 -48
400-700 -38.5 4.0 Bush and Valero, 2002
400-700 -42.2 4.8 Bush and Valero, 2003
300-3810 -72.2 55 Bush and Valero, 2002
300-3810 -73 9.6 Bush and Valero, 2003




Atlantis Planned Study Regions

Aerosol — Cloud
Interactions

Regions of pollution
outflow and stratus
clouds up to 100 nm
offshore




Stratus and stratocumulus clouds are expected to persist offshore
during much of the CalNex time period. Regions where local
pollution sources and recirculation events lead to the coincidence
of aerosol and clouds will be targeted.

Ship tracks off the west coast of
the US (Durkee et al., 2001)




Above-cloud aerosol properties, mixing

v s

A
SSFR: eff. radius,

optical thickness, LWP

In-cloud droplet conc, LWC ..
Spectral actinic flux

Below-cloud CCN, aerosol properties

Doppler lidar: w, w'
Cloud radar:

structure, precip
SSFR: cloud optical depth

uwave radiometer: LWP

Below-cloud CCN,
aerosol properties




Cloud
properties
derived from
optical and
H-wave
remote
sensing.

e et e A b

10 100 1000
Neen {‘:m-s}

Aerosol properties derived from ground-
based in situ observations

Determine the albedo response of marine
stratiform clouds to aerosols in the study
region.

» A combination of surface and remote
observations can be used to determine
the magnitude of the effect of aerosol on
cloud optical and microphysical
properties.

» Compare measured and model-derived
cloud drop concentrations where modeled
values are based on measured aerosol
properties.

McComiskey et al., 2008.



Aerosol Indirect Effect

DMS - nss SO,~

Cloud condensation nuclei (CCNﬁ
Dp <200 nm

Sea salt Organics /

4 DMS

nss SO,~




Climate impact of ocean-derived aerosol




Needs before hand:

 Offshore flow — frequency, intensity, and location

* Emission inventory data — source identification, location
« Marine stratus and coastal fog — occurrence, likelihood

Needs during experiment:
» Met forecasting to best position ship
 Satellite images for cloud identification
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