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The far northern coast of California is believed to
be a good location to monitor aerosols being trans-
ported to the US from across the Pacific Ocean. In mid-
April 2002, NOAA/CMDL deployed a mobile aerosol
system and began a year-long effort to measure aerosol
optical properties at Trinidad Head (THD), Califor-
nia. The start of these aerosol measurements coin-
cided with a month-long field program for the Inter-
continental Transport and Chemical Transformations
(ITCT) program, which was designed to investigate
how atmospheric pollutants from one continent can in-
fluence air quality and regional and global climate on
other continents. Although Trinidad Head is a remote
coastal site, during the first six months of deployment,
it was impacted by emissions from a variety of non-
marine aerosol sources. During the ITCT program in
April and May 2002, several incursions of Asian dust
were observed at the site, while in August 2002, smoke
from forest fires in southern Oregon was detected at
THD. Additionally, air mass trajectories show occa-
sional transport to the site from urban Northern Cali-
fornia. While background light scattering and absorp-
tion (for diameter < 10 microns) at the site are ap-
proximately 20 Mm−1 and 1 Mm−1 respectively, dust
events increased the scattering and absorption to a fac-
tor of four higher than the background amount and
the intense smoke events at the site resulted in both
scattering and absorption values an order of magnitude
higher than the background values. The single scatter-
ing albedo is 0.98 for background conditions and 0.97
and 0.94 respectively for the dust and smoke events
observed at the site. Particle hygroscopicity decreased
during the smoke and dust events. While the THD sur-
face site is ideally located for investigating a variety
of aerosol types, the surface-based measurements have
also demonstrated the importance of measuring vertical
profiles of aerosol properties. For example, during one
dust event, the dust resided in a layer aloft which was
detected by the column optical depth instrument but
not by the in-situ instruments at the surface, while dur-
ing another dust event both in-situ and column mea-
surements indicated the presence of dust. Both events
were consistent with predictions from an aerosol fore-
casting model (Navy Aerosol Analysis and Prediction
System (NAAPS)). Long term aerosol measurements at
THD will, in conjunction with radiation and chemistry
measurements contribute to understanding the role of
inter- and intra- continental transport of aerosol parti-
cles in climate forcing and air quality.

URL: http://www.cmdl.noaa.gov/aero/net/thd/
index.html
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Two Aerodyne Aerosol Mass Spectrometers (AMS)

were operated at Trinidad Head, CA, during the ITCT
experiment in March and April 2002. The instruments
deliver quantitative mass loadings of volatile and semi-
volatile components of sub micron particles, including
sulfate, nitrate, ammonium and the volatile organic
fraction. Total mass of these components is delivered
in near real time, together with mass size distribu-
tions of key components. We present preliminary data
from the experiment in a range of clean air periods and
show that the sub-micron aerosol particles are com-
posed primarily of sulfate with a significant and vari-
able contribution from organics that appear to be inter-
nally mixed. There is little nitrate in the accumulation
mode aerosol measured. During the field deployment
several novel modifications were made to the instru-
ments. The heated surface, used to thermally ablate
the aerosol particles in the sample beam, was operated
at a significantly higher temperature in one of the in-
struments than is usual in order to observe sea salt par-
ticles. Sea salt aerosol were measured in a quantitative
way but the heater ablation temperatures and modi-
fications to the ablation/ionisation region resulted in
the instrument response to other components being re-
duced and the organic fraction being considerably more
fragmented. The temperature of the aerosol inlet, an
aerodynamic lens, in one of the instruments was cy-
cled throughout the experiment to both investigate the
water associated with the ambient particles measured.
The experiment also allowed us to investigate the ef-
fects on water on the divergence of the aerosol beam in
the vacuum. The results indicate that adding signifi-
cant amounts of water to the particles by cooling the
lens leads to improved focussing of particles through
the instrument. Lastly, a small Nd-YAG laser was used
to measure the scattered light intensity of the particles
in the vacuum chamber at 532 nm. This extra mea-
surement offers a further method of sizing the particles
by pulse height analysis of the scattered light. From
these measurements information on the extent of inter-
nal mixing of the particles may be obtained. We will
describe how these modifications were implemented and
give examples to illustrate these various modes of op-
eration.
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Continuously sampling 8- and 3-stage rotating

drum impactors (RDI) were deployed from mid-March
through late-May at 5 sites during the 2002 Intercon-
tinental Transport and Chemical Transformation Ex-
periment (ITCT-2K2). These sites include: Trinidad

Head, CA (8-RDI), Trinity Alps, CA (8-RDI), Lassen
National Park, CA (8-RDI), Crater Lake National
Park, CA (3-RDI), and the White Mountain Research
Station, CA (WMRS, 3-RDI). Sampling and analysis
spanned at least March 21 through May 23, 2002 at
all sites. The samplers continuously collect aerosol
on a lightly greased Mylar substrate in either 3 or
8 size modes representing 2.5-1.1, 1.1-0.3, 0.3-0.1 mi-
crons (3-RDI) and 10-5, 5-2.5, 2.5-1.1, 1.1-0.75, 0.75-
0.56, 0.56-0.34, 0.34-0.26, 0.26-0.09 microns (8-RDI).
Quantitative elemental analyses for Na-U in 3-hour pe-
riods using synchrotron source x-ray fluorescence (s-
XRF) were performed on beamline 10.3.1 at the Ad-
vanced Light Source-Lawrence Berkeley National Lab-
oratory. Shorter time intervals (to as little as 45 min-
utes) may be performed for some samples. In all cases
samplers were co-located with other sampling and mon-
itoring equipment to maximize information from these
sites. Three sites, Lassen, Trinity, and Crater Lake,
are existing Interagency Monitoring for Protected Vi-
sual Environment (IMPROVE) sampling sites with rel-
atively long-term records (up to 10 years) for aerosol
data. The Trinidad Head site was a supersite for ITCT-
2K2 with a vast array of coincident gaseous and aerosol
sampling and analysis instruments.

Preliminary results indicate long-range aerosol im-
pact at several sites during ITCT-2K2 as evidenced
by soil and trace species data. The lack of local soil
events at several sites due to precipitation and/or snow
covered ground during much of the sampling period
aids differentiation between local and long-range (e.g.
Asian source) derived impact. Results from our anal-
yses (more than 15,000 samples) in conjunction with
back-trajectory data will be presented.
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In this study, the Lagrangian tracer transport model
FLEXPART is shown to be a useful forecasting tool for
the flight planning during the ITCT 2k2 (Intercontinen-
tal Transport and Chemical Transformation 2002) air-
craft measurement campaign. The advantages of this
model are that it requires only a short computation
time, has a finer spatial resolution and does not suffer
numerical diffusion compared to chemistry transport
models (CTMs). It is a compromise between simple
trajectory calculations and complex CTMs that makes
best use of available computer hardware. During the
campaign FLEXPART provided three-day forecasts for
four different anthropogenic CO tracers: Asian, North
American, Japanese, and European. The forecasts were
based on data from the Aviation model (AVN) of the
National Center for Environmental Prediction (NCEP)
and relied on the EDGAR emission inventory for the
base year 1990. In two case studies, the forecast abili-
ties of FLEXPART are analysed and discussed by com-
paring the forecasts with measurement data, results
from the post analysis modelling, infrared satellite im-
ages, and backward trajectories calculated with two dif-
ferent Lagrangian trajectory models. It is shown that
intercontinental transport and dispersion of pollution
plumes were qualitatively well predicted, and the air-
craft could successfully be directed into the polluted
air masses.
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The Chemical weather FORecasting System
(CFORS) was used in support of the IGAC Inter-
continental Chemical Transport (ICTC) field experi-
ment conducted in the Eastern Pacific during Spring
2002. CFORS consists of 3 major components: 1) 3D
mesoscale calculations of meteorological fields using
the RAMS model with on-line air-mass and emis-
sion markers; 2) detailed 3-dimensional photochemi-
cal calculations using the STEM chemical/transport
model (CTM); and 3) an emissions module that in-
timately links emitted amounts and activities to the
transport and chemistry analysis. During the inten-
sive field campaign period, the model was run in
forecast-mode and we provided a large suite of fore-
cast products to support the execution of the field
experiment (both the aircraft and ground measure-
ments). Details of the emissions work can be found on:
http://www.cgrer.uiowa.edu/people/woojh21/data itct
emission.htm.

In this paper we will describe the modeling system
used and the products produced, and we will present an
analysis of the modeling results. Specifically we present
a comparison of forecasted results with observations
taken on the NOAA P3 aircraft and at the Trinidad
Head surface site. Meteorological and chemical data
will be compared. In addition the model results will
be used to provide an assessment of the relative im-
portance of Asia vs North America influences. Results
from hind-cast simulations using analyzed meteorolog-
ical inputs will also be presented, and used to discuss
how model performance improves with better input in-
formation.

URL: http://www.cgrer.uiowa.edu/people/ytang/
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Observations of CO and ozone were obtained at a
ground site on the western tip of Washington State
(Cheeka Peak Observatory, 48.3◦N; 124.6◦W) from
March 11 to May 31 2002. These observations were
complemented by thirteen flights providing profiles of
CO and ozone up to 6 km altitude. Both ground-based
and airborne measurements were part of PHOBEA-II
(Photochemical Ozone Budget of the Eastern North
Pacific Atmosphere-II) taking place at the same time
as the NOAA ITCT (Intercontinental Transport and

Chemical Transformations) 2002 mission. Here we will
interpret these observations using the GEOS-CHEM
global chemical transport model driven by assimilated
meteorology corresponding to the time of observations.
Our analysis will focus on four elements: (1) validat-
ing the GEOS-CHEM model through detailed compar-
isons with the PHOBEA-II observations; (2) examining
the origin of CO and ozone in the Northeastern Pacific
by using ’tagged’ tracers of source regions; (3) investi-
gating rapid long-range transport events of Asian and
European emissions identified by the model; (4) placing
spring 2002 in the context of ground-based and airborne
observations obtained during PHOBEA and PHOBEA-
II over four previous years (1997, 1998, 2000, 2001).
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NASA’s TRACE-P (Transport and Chemical Evolu-
tion over the Pacific) mission provided measurements
of several key short-lived photochemical species from
both the DC-8 and P-3B aircraft. Measurements also
included the critical longer-lived constituents and phys-
ical parameters necessary to theoretically predict the
concentrations of these short-lived species. Measure-
ments of OH, HO2, and NO2 were conducted on both
aircraft, while CH2O was measured only from the DC-
8. Measurements of these species will be compared
with box model calculations to assess our understand-
ing of fast photochemical cycling. Onboard the DC-
8, additional measurements of H2O2, CH3OOH, and

oxygenated NMHCs were available. Calculations show
the impact of oxygenated NMHCs on photochemical cy-
cling to be significant only for the upper troposphere
at altitudes above 8 km, thus, the examination of HOx
(OH+HO2) measurements from the P-3B, which has
a flight ceiling of 7 km, is not compromised by the
absence of oxygenated NMHC measurements. There
are some biases between model-predicted peroxides and
measurements for the DC8, but a sensitivity analysis
shows that magnitude of these discrepancies have min-
imal impact on HOx predictions. This suggests that
although there are no peroxide measurements available
on the P3B aircraft to use as model constraints, theo-
retical analysis of HOx on the P3B can still be exam-
ined with some confidence. Results will address both
the broad level of model-measurement agreement as
well as evidence for trends in agreement for special en-
vironments, e.g., in-cloud data, pollution plumes, and
stratospheric air.
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A three-dimensional regional-scale chemical trans-
port model, STEM, coupled with a detailed radiation
computation scheme is used to calculate the transport
and chemistry of trace gases and aerosols in Asia dur-
ing the TRACE-P experiment. Extensive comparison
of calculated results with aircraft observations will be
presented, and it is found that many of the important
features observed in the behavior of trace gases and
aerosols are captured by the model. Based on these
results, we evaluate various factors influencing the dis-
tribution of trace gases during the TRACE-P period.

Clouds are shown to have a large impact on pho-
tolysis rates during the observation period of TRACE-
P. Clouds are shown to decrease J[NO2] by 22% be-
low clouds and enhance photolysis rates by 33% from
1 km to 10km. Clouds also exert a dominant influence
on short-lived species, like OH and HO2. For exam-
ple, clouds reduce OH by 23% at altitudes below 1km
and increase OH by 25% above 1km. Asian aerosols
contain large amounts of carbonaceous material, inor-
ganic components such as sulfates, and mineral oxides.
These aerosols significantly influence J-values and pho-
tochemical processes. When averaged over all TRACE-
P DC-8 and P-3 scientific flights, the aerosol influence
via affecting J-values is to reduce OH by 41% below
1km, and by 24% above 1km. Aerosols have a stronger
impact on longer-lived chemical species than clouds do,
because aerosols tend to be co-emitted with precursors
and have a longer contact time with the polluted air
masses than clouds do. The accumulated aerosol im-
pact generally is to reduce O3 concentrations by about
6ppbv in the biomass plumes emitted from Southeast
Asia. In megacity plumes, aerosols can increase NOx
concentration by 40% via reducing its photolytic loss,
and reduce NOz concentration by a similar amount.

Biomass burning plays a very important role dur-
ing March of 2001. Our simulations show that biomass
emissions contributed 15% of CO and 69% of Black Car-
bon during the TRACE-P period. The increasing emis-
sions from Asian megacities compose a distinguished
feature in this region. Nearly all NOx peak values mea-
sured by TRACE-P aircrafts are associated with megac-
ity plumes. Model results are used to classify megacity
influences on the observations, and this information is
used to test regional emission estimates. Results of this
analysis are presented and discussed.


