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This laboratory study focuses on new particle for-
mation resulting from the oxidation of a-pinene. Us-
ing a Teflon reaction chamber (70 L), ultrafine (>3 nm
dia.) particle formation was studied for a-pinene con-
centrations between 1x10~ 10 atm and 2.4x107% atm
at ozone concentrations between 1.2x10~7 atm and
1.4x10~ 6 atm. Experimental timescales of 40 minutes
allowed appropriate time to investigate particle forma-
tion and subsequent growth of nanometer size particles.
New information is presented regarding: 1) the effect of
oxidizing agent (O3 or OH) on aerosol mass yield and
new particle concentration; 2) measurements performed
near atmospherically relevant concentrations; and 3)
the dependence of water vapor on the a-pinene gas-
phase oxidation mechanism and hygroscopic growth of
new particles.
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Secondary Organic Aerosol Formation:
New Insights
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A discussion of some of the important issues related
to secondary organic aerosol (SOA) formation is pre-
sented, and SOA formation is placed in a context of
global fine aerosol sources. Outdoor smog chamber ex-
periments are described for the purposes of exploring
the effects of different types of background aerosols
on SOA formation from the reaction of a-pinene with
NOg in the presence of natural sunlight. Experiments
were carried out by first adding 20 to 200 ,ug/mg of
background aerosols (such as diesel soot, wood smog,
and ammonium sulfate seed particles) into 190m3,
140m?3, and 25m> Teflon film outdoor chambers prior
to the addition of a-pinene and NOg. SOA forma-
tion was monitored using a scanning mobility particle
sizer (TSI-SMPS). Gas and particle phase products
were sampled over the course of experiments using
denuders and filters. Chamber results indicated that
condensed SOA can dramatically alter the chemical
composition of primary diesel soot particles as they
age in the atmosphere. Since particle phase aldehyde
chemistry has recently been implicated as a potentially
large source of SOA (Jang and Kamens, et al., Science
2002), aerosol growth by the heterogeneous reactions
of different organic carbonyls in the presence/absence
of acidified seed aerosols was studied in a flow reactor
and 500-liter Teflon bag system under dark conditions.
The results from unsaturated carbonyl and dicarbonyl
experiments indicate large increases in SOA formation
in the presence of acidified aerosols. This has impli-
cations for both biogenic and aromatic systems that
generate SOA.
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Reactions of volatile organic compounds in acidic
aerosols have been shown recently to be potentially im-
portant for organic aerosol formation and growth. Al-
dol condensation, the acid-catalyzed polymerization of
carbonyl compounds, is a likely candidate to enhance
the flux of organic matter from the gas phase to the
condensed phase in the atmosphere. Until now these re-
actions have only been characterized for conditions rel-
evant to synthesis (high acidities and liquid phase sys-
tems) and remote from atmospheric ones. In this work,
the uptake of gas-phase acetone and 2,4pentanedione
by sulfuric acid solutions has been measured at room
temperature using a Rotated Wetted Wall Reactor cou-
pled to a Mass Spectrometer. The aldol condensation
rate constants for 2,4pentanedione measured so far for
sulfuric acid solutions between 96 and 70 % wt. display
a variation with acidity in agreement with what pre-
dicted in the organic chemical literature. The values
of these constants, however, are much lower than ex-
pected for this compound, and comparable to the ones
of acetone. Experiments are underway to complete this
study to lower acidities and understand the discrepan-
cies with the predicted reactivity.
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Dissolution and Speciation of
Oxygenated Organic Compounds in
Sulfate Particles: Acetaldehyde
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The uptake of small organic compounds by sul-
fate particles is enhanced by the speciation of the
compounds in acidic aqueous solution. Acetaldehyde
[CH3CHO] exists in such solutions in several forms:
molecular, hydrated, enolized, and protonated ac-
etaldehyde. The contribution of these various disso-
lution pathways to the heterogeneous interactions of
acetaldehyde with upper tropospheric sulfate solutions
will be evaluated. The uptake of acetaldehyde by aque-
ous sulfuric acid has been studied via Knudsen cell
experiments over ranges of temperature (210-250 K)
and acid composition (40-80 wt. %) representative of
the upper troposphere. The Henry’s law solubility co-
efficients for acetaldehyde calculated from these data
range from 102 to 10° M atm—! Results from the
interaction of acetaldehyde with solutions of formalde-
hyde in sulfuric acid will be presented as well. The
physical and chemical processes that affect organic up-
take by aqueous aerosols will be explored, with the aim
of evaluating organic species not yet studied in low tem-
perature aqueous sulfuric acid.
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Acid-catalyzed Heterogeneous Reactions
in SOA Formation
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4476; ethelmae@caltech.edu); Jason Surratt! (626
395 4476; surratt@caltech.edu); Flagan C Richard!
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The importance of heterogeneous reactions in sec-
ondary organic aerosol (SOA) formation has recently
excited a great deal of interest in the aerosol com-
munity. Jang and Kamens (2001) showed enhanced
aerosol yield from aldehydes, which can be produced
by atmospheric photochemical reactions, in the pres-
ence of acidic seed. They suggest that the carbonyl
functional groups of the aldehydes further react in the
aerosol phase via hydration, polymerization, and hemi-
acetal/acetal formation with alcohols at an acceler-
ated rate in the presence of acid. Jang et al. (2003)
demonstrated similar results using a flow reactor and
Czoschke et al. (in press) qualitatively showed in-
creased yields for isoprene and alpha-pinene ozonoly-
sis in the presence of acidic seed. While these find-
ings are intriguing and important, the conditions un-
der which the experiments were carried out were at-
mospherically unrealistic. A series of SOA formation
experiments have been carried out in the Caltech In-
door Chamber Facility, which is comprised of dual 28
m3 FEP Teflon chambers, with the flexibility to carry
out both dark ozonolysis and photochemical OH oxida-
tion reactions. Cycloheptene and alpha-pinene were ox-
idized in the presence of neutral seed under dry (<10%
RH) and humid (50% RH) conditions and in the pres-
ence of acidic seed under humid (50% RH) conditions.
The SOA yields for these experiments will be presented,
and the extent of the influence of acid-catalyzed reac-
tions on SOA yield will be discussed. Reference List
1. Cocker, D. R. III. and R. C. Flagan and J. H.
Seinfeld, State-of-the-art chamber facility for studying
atmospheric aerosol chemistry, Environmental Science
and Technology, 35, 2594-2601, 2001. 2. Czoschke,
N. M., M. Jang, and R. M. Kamens, Effect of acid
seed on biogenic sceondary organic aerosol growth, At-
mospheric Environment, In press. 3. Jang, M., S.
Lee, and R. M. Kamens, Organic aerosol growth by
acid-catalyzed heterogeneous reactions of octanal in a
flow reactor, Atmospheric Environment, 37, 2125-2138,
2003. 4. Jang, M. S. and R. M Kamens, Atmospheric
secondary aerosol formation by heterogeneous reactions
of aldehydes in the presence of a sulfuric acid aerosol
catalyst. Environmental Science and Technology, 35,
4758-4766,2001.
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Partitioning of Nitric Acid to Nitrate by
NaCl and CaCOj; and Its Effect on
Nitrogen Deposition
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Nitrogen oxides produced by combustion in auto-
mobile engines, power plant boilers, and industrial pro-
cesses are transformed to nitric acid in the atmosphere.
This nitric acid then deposits to land or water and may
be a significant nitrogen input to sensitive coastal es-
tuaries. The sodium chloride from sea salt spray and
calcium carbonate from mineral dust react in the at-
mosphere with nitric acid to form sodium nitrate or
calcium nitrate, respectively. The nitrate particle de-
position velocity can be substantially lower than that
of nitric acid, which may lower the atmospheric nitro-
gen deposition rate near the urban sources of nitrogen
oxides but raise the deposition rate over the open wa-
ter. The relative effects of different ambient air con-
centrations of sodium chloride and calcium carbonate
on nitrogen atmospheric deposition rates were exam-
ined by using the EQUISOLVII model to estimate the
partitioning of nitric acid to nitrate combined with the
NOAA buoy model and Williams model to calculate the
gas and aerosol deposition velocities.
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Nitrate Aerosol Partitioning in the 2003
Bay Regional Atmospheric Chemistry
Experiment (BRACE) : Aloft and
Surface Comparisons
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The Bay Regional Atmospheric Chemistry Exper-
iment (BRACE) field intensive in May 2003 was de-
signed to help understand nitrogen chemistry and cy-
cling in the airshed of Tampa, FL and included gas-
phase and aerosol measurements at two downwind ur-
ban locations (Sydney and Tower Dairy) and a bay
shoreline location (Gandy) as well as aboard the NOAA
Twin Otter aircraft. The Twin Otter made 21 flights in
the greater Tampa region over urban, suburban, and ru-
ral areas, Tampa Bay, and the Gulf of Mexico. Among
these flights were several vertical profiles extending
from 60 to 3000 m MSL over the Bay, the Gulf, and the
ground sites. Aerosol samples on the Twin Otter were
made with high flow rate filter packs followed by IC
analysis; surface measurements for aerosols were made
with a combination of filter packs, MOUDI samplers,
annular denuders, and near-real time wet denuder col-
lection followed by IC analysis. The degree of nitrate
partitioning observed with the Twin Otter filter pack
samples onto fine (2.5u and smaller) and large aerosols
is examined separately for the three flow regimes that
predominated during the intensive: strong synoptic,
when local effects were overwhelmed; synoptic shift,
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with wind shifts due to changing synoptic features; and
sea/bay breeze, when local effects of the sea and bay
breeze forced wind shifts. Analysis of these aloft re-
sults are then compared with nitrate aerosol values on
the ground.
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Determination of the Boundary Layer
Characteristics in the Tampa Bay
Area During the Bay Region
Atmospheric Chemistry Experiment
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Variability in boundary layer structure is to be ex-
pected in a coastal environment. It is necessary to de-
termine the regional structure of the boundary layer to
relate the chemical concentrations upwind and down-
wind of the urban area and to account for differences
in the vertical concentration structure. NOAA’s Air
Resources Laboratory, using the NOAA Twin Otter,
made meteorological and chemical measurements dur-
ing 21 flights in and around the Tampa Bay area as part
of the Bay Region Atmospheric Chemistry Experiment
(BRACE). One or more vertical profiles were flown dur-
ing each flight. The profiles were made from approxi-
mately 60 to 3000 m (200 to 10,000 ft) MSL, both over
land and over the Gulf of Mexico. NOAA’s Environ-
mental Technology Laboratory (ETL) deployed three
surface-based 915-MHz radar wind profilers equipped
with radio acoustic sounding systems (RASS) dur-
ing the experiment. The wind profiler/RASS sys-
tems were installed at Ruskin, Sydney and St Peters-
burg. The National Weather Service Office in Tampa
(NWS/TBW) also released rawinsondes twice daily
from the Ruskin site. The measurements of temper-
ature, dew point, potential temperature, wind speed,
and wind direction acquired during the aircraft pro-
files are analyzed and compared with the profiler and
sounding data in order to determine the structure of the
boundary layer over the Tampa Bay region and the tem-
poral and spatial changes that occurred in that struc-
ture during the flights.
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Fast GC-Luminol Instrument for PAN
and Nitrogen Dioxide Measurements

Nancy A. Marley! (marley@anl.gov)
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Fast gas chromatography (GC) with luminol detec-
tion was used to determine nitrogen dioxide and per-
oxyacetyl nitrate (PAN) levels onboard the National
Oceanic and Atmospheric Administration Twin Otter
during the Bay Region Atmospheric Chemistry Experi-
ment (BRACE) in Tampa, Florida, in May 2002. Nitro-
gen dioxide concentrations measured by the fast GC-
luminol technique were compared with simultaneous
onboard NO2 determinations made by photolytic con-
version to NO with subsequent ozone chemilumines-
cence detection. Use of photon counting (Hamamatsu
HC-135) and an automated gas sampling valve enabled
PAN measurement at 30-sec intervals. The fast GC-
luminol system with photon counting will be described
briefly. We recently improved the instrument and mod-
ified the outflow of the luminol carrier gas to minimize
luminol spillage. Results will be presented for PAN
during BRACE, and calibration data will be shown for
the latest version of the instrument. The potential for
luminol modification to improve sensitivity to PAN will
also be discussed. This work was supported by the
U.S. Department of Energy’s Atmospheric Science Pro-
gram.
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Heat Fluxes in Tampa Bay, FL
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Sherryl A. Gilbert! (727-553-1036;
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usf.edu)

lUniversity of South Florida College of Marine Sci-
ence, 140 7th Ave. South, St. Petersburg, FL
33701, United States

For the period of May 2002 to present, as part of
the Bay Regional Atmospheric Chemistry Experiment,
an observational tower has been maintained in Mid-
dle Tampa Bay that is equipped with sensors measur-
ing meteorological and air-water turbulent flux param-
eters. Data acquired from this tower include air tem-
perature, humidity and horizontal wind velocity mea-
sured at two heights, precipitation, incoming radiation,
and barometric pressure. A SeaGauge sensor moni-
tors water temperature, salinity, and water level, and a
sonic anemometer measures the three-dimensional wind
speed and the turbulent flux of momentum and sensible
heat. Using data gathered from the tower, sea surface
albedo and upwelling and downwelling long- and short-
wave radiation fluxes are determined. Heat flux due to
precipitation is calculated and the directly measured
sensible heat flux is compared with the sensible flux
derived using bulk formula and gradient-flux methods.
Latent heat flux is also computed via the latter two
methods. Temporal and vertical variations, including
trends connected with seasonal and shorter signal scale
events, are examined. Components of the heat budget
of Tampa Bay are determined through a variety of path-
ways in order to constrain the error associated with the
calculation of these parameters.
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An earlier estimate of the direct deposition of ni-
trogen to Tampa Bay was 7 kg-N/ha/yr and included
the wet deposition of rainfall nitrate and ammonium
and the dry deposition of nitric acid, ammonia, ni-
trate and ammonium. Rainfall and ambient air con-
centration measurements were made at an urban site
within 50 m of Tampa Bay. Rainfall samples were ob-
tained daily from a wet-only precipitation collector,
which was part of the NADP AIRMoN. Ambient air
concentrations of gases and fine particles were deter-
mined from an annular denuder system, operated at 10
1/min for 24-hr/day on a 1-in-6 day schedule, and dry
deposition velocities were calculated with the NOAA
buoy model using over water meteorological data. This
estimate is revised upward to 8 kg-N/ha/yr and in-
cludes corrections for nitric acid collection inefficien-
cies, the addition of coarse particle nitrate based on
mircoorfice impactor measurements, and improved fine
and coarse particle deposition velocity estimates from
an integrated NOAA buoy/Williams model. With gas,
fine aerosol and coarse particle measurements made at
a peri-suburban site coupled with deposition veloci-
ties from a resistance model, and rainfall concentration
measurements from a rural NADP NTN site in Sarasota
County, the estimated total nitrogen deposition to the
surface of the watershed is 16 kg-N/ha/yr. The ratios
of dry to wet deposition rates are 1:1 over water and
4:1 over land.
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Organic Composition of PM2.5 and
Size-Segregated Aerosols During the
2002 Bay Regional Atmospheric
Chemistry Experiment (BRACE),
Florida, USA
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Aerosol samples were collected for the analysis of
organic source markers using a Tisch Environmen-
tal PM2.5 high volume sampler and two Micro Ori-
fice Uniform Deposit Impactors (MOUDIs) as part of
the Bay Regional Atmospheric Chemistry BExperiment
(BRACE) in Tampa, Florida. PM2.5 samples were col-
lected at ground level on quartz fiber filters (QFF)
while size-segregated samples were collected 12 meter
above ground level on aluminum foil discs. MOUDIs
with aerodynamic cut diameters of 18, 10, 5.6, 3.2,
1.8, 1.0, 0.56, 0.32 and 0.17 um were used. Sam-
ples were collected on a 24 hour schedule. The col-
lected samples were solvent extracted using a mixture
of dichloromethane/acetone/hexane, concentrated and
then analyzed using a gas chromatograph/mass spec-
trometer (GC/MS) operated in single ion mode. PM2.5
extracts were analyzed using conventional splitless low
volume injections (1 ul). Size-segregated aerosol ex-
tracts were analyzed using a Hewlett-Packard Pro-
grammable Temperature Vaporizing inlet (PTV) com-
bined with large volume injections (80ul). Excellent
chromatographic resolutions were obtained with either
a 30 or 60 meter long RTX-5MS, 0.25 mm I.D. column.
Target compounds were chosen to cover the range of
potential sources and included alkanes and polycyclic
aromatic hydrocarbons (PAH). Investigation of poten-
tial aerosol sources for different particle sizes using
known organic markers and source profiles will be pre-
sented. Relationship between the collected PM2.5 and
size-segregated samples will be studied. Size distribu-
tions of carbon preference indices (CPI), percent wax
n-alkanes (%WNA) and concentration of selected com-
pounds will be discussed.
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Spatial and Temporal Changes in Air
Pollution Along the Gulf Coast
Observed During BRACE: A Case
Study of the Land-Sea Breeze
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NOAA’s Air Resources Laboratory conducted air-
borne measurements of trace gases and aerosols in
the Bay Region Atmospheric Chemistry Experiment
(BRACE) using the NOAA Twin Otter. The Twin Ot-
ter flew more than 90 hours in 21 flights in and around
the Tampa metropolitan region in May, 2002, at alti-
tudes of 60-3000 m MSL. Flights were conducted over
rural and suburban areas, over the centers of Tampa
and St. Petersburg, and over Tampa Bay and the Gulf
of Mexico. One objective of the aircraft flights was to
investigate the role of the sea breeze circulation in de-
termining patterns of nutrient deposition and pollutant
loads in the Tampa Bay watershed. Results will be pre-
sented from a May 8 flight designed to investigate the
effect of the sea breeze recirculation upon Tampa’s air
quality. The Twin Otter took off at 1425 UTC and af-
ter performing a spiral ascent over the Sydney ground
site, proceeded to fly north, at 200 feet above mean
sea level (MSL) just off the Gulf coast, west of St. Pe-
tersburg. Back trajectory analysis suggested the dom-
inance of a northerly rotation in the sea breeze; thus,
air sampled over the Gulf passed some hours earlier to
the south of the Tampa metropolitan area, in an area
largely devoid of major pollution sources, before being
advected eastward in the afternoon return flow. Ozone
levels in this air mass ranged from 40 to 50 ppbv. Far-
ther north the Twin Otter encountered the advected
urban plume from Tampa, displaced to the north by
the combination of southeasterly sea breeze flow and
westerly return flow, and tracked this plume inland.
Ozone levels quickly jumped to 60 ppbv, and increased
to as high as 90 ppbv as photochemical processing con-
tinued in the advected plume. Nitric acid levels, which
approached 4 ppbv in the aged urban air at the coast,
dropped rapidly to as low as 1 ppbv inland. A final
flight leg to the east of downtown Tampa encountered
fresh anthropogenic pollution from the afternoon rush
hour; ozone was rapidly produced in the brief transit
time from emission to sampling by the aircraft. Anal-
ysis of the data will focus on the efficiency and rate of
photochemical ozone production in the clean air, aged
polluted airmass, and fresh pollution, and on the at-
tendant extent of NOX oxidation and NOY loss.
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Prediction of Coarse Particle Nitrate
From Fine Particle Measurements in a
Coastal Environment
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1University of South Florida, College of Engineer-
ing 4202 E. Fowler Ave., Tampa, FL 33620, United
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2University of South Florida, College of Public Health
13201 Bruce B. Downs Blvd., Tampa, FL 33612,
United States
Nutrient induced algal growth is one cause of de-
creased seagrass in the Tampa Bay Estuary. This influx
of nutrients arises from the presence of fixed nitrogen
in various flows and discharges to the estuary and from
atmospheric deposition. One of the goals of BRACE
(Bay Regional Atmospheric Chemistry Experiment) is
to obtain improved estimates of the atmospheric nitro-
gen deposition to Tampa Bay. Previous estimates of
atmospheric dry deposition of nitrogen to Tampa Bay
have been based on Annular Denuder System (ADS)
measurements of gaseous nitric acid and ammonia and
fine particle (PM2.5) nitrate and ammonium, which ex-
tend back to 1996. However, recent coarse particle mea-
surements indicate that, while ammonium primarily ex-
ists in fine particles, nitrate is preferentially found in
the coarse fraction. The goal of this study is to examine
whether the historical data for fine particle nitrate can
be used to predict the amount of nitrate in the coarse
fraction so as to obtain a more accurate estimate of dry
particle deposition of nitrate to the Tampa Bay BEstu-
ary. Specifically, it is shown that averaged nitrate dis-
tributions obtained from recent micro-orifice impactor
data can be used to predict the coarse to fine ratios
observed for dichotomous samplers and the fine parti-
cle concentrations obtained from the Annular Denuder
System. This provides some confidence that the im-
pactor results may be used in conjunction with earlier
fine particle data to obtain an estimate of coarse par-
ticle nitrate concentrations, and therefore an improved
estimate of nitrate flux to the estuary.
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Ammonia Flux at the Air-Water
Interface of Tampa Bay

Connie A. Mizak! (cmizak@hsc.usf.edu)
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1 University of South Florida College of Public Health,
13201 Bruce B. Downs Blvd., Tampa, FL 33612,
United States
Recent nitrogen deposition research in the Tampa

Bay Estuary indicates that ammonia deposition domi-
nates the total dry nitrogen flux to the bay. Gaseous
plus aerosol ammonia contribute approximately 450
tons per year or 60% of the total nitrogen deposition of
760 tons per year to the estuary. Research data also in-
dicate that during the summer months, Tampa Bay may
act as a source for atmospheric ammonia as water tem-
perature and ammonium concentrations increase. Am-
monia flux estimates will be derived from thirty days
of daily summer air and water sampling at the Gandy
Bridge air monitoring site located adjacent to Tampa
Bay. Ammonia concentrations were measured at two
heights with a URG, Inc. dual-pump annular denuder
system (ADS), and water grab samples from two depths
were analyzed in the laboratory for ammonium concen-
tration. Hourly relative humidity, air and water tem-
perature, pH and salinity were recorded at this site, and
hourly wind speed and direction were obtained from
the Environmental Protection Commission of Hillsbor-
ough County. Rainwater samples were obtained with
a University of Michigan sequential rainwater collector
and analyzed in the laboratory for ammonium concen-
tration. The direction and magnitude for the ammo-
nia flux will be calculated with a modified NOAA buoy
model from measurements of wind speed, air and water
temperature, air and water ammonia and ammonium
concentrations, relative humidity, water pH and salin-
ity. The results of this research will be used to improve
the NOAA Buoy model, and to compare observed with
modeled ammonia gradients.
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The air quality model, CMAQ-AIM, was used to
simulate the formation of coarse particle nitrate in
coastal areas. CMAQ-AIM adopts USEPA’s Models-
3/CMAQ as the host photochemical model and employs
a mechanistic, fully dynamic, internally-mixed, sec-
tional aerosol module containing twelve aerosol species
in nine size sections spanning 0.03 to 20 pum. The
model’s superior computational efficiency is achieved
by a novel integration scheme and acid-neutrality gas-
particle transport mechanisms, among which the Re-
placement Transport mechanism is particularly suitable
for simulating the displacement of hydrochloric acid
by nitric acid, or vice versa. The modeling results in
Tampa Bay area from June 30 to July 14, 1999 episode
(with sea-salt emission) in USEPA’s Lower 49 State
domain were compared to those produced by Models-
3/CMAQ (without sea-salt emissions and a modal rep-
resentation of the particulate matter). The preliminary
comparison showed that total nitrate concentrations
(gas and particle phase) were compatible between the
two models, but CMAQ-AIM predicted a higher frac-
tion of total nitrate partitioned into particle phase with
over ninety percent of particle nitrate mass (about 1
pgm~3) in the coarse mode, while fine particle nitrate
mass was in the similar magnitude as accumulation
mode particle nitrate simulated by Models-3/CMAQ.
Due to CMAQ-AIM’s ability to simulate sea salt and
the displacement reaction, the importance of sea-salt
emission in ambient air quality in coastal areas was
demonstrated. Given that gas-phase nitrate deposition
is usually reduced over water surface compared to that
over land and coarse particle nitrate deposition remains
unchanged, with high deposition velocity, our simula-
tion indicates direct atmospheric particle nitrate de-
position may significantly contribute to the total ni-
trate deposition into estuary habitats, which is consis-
tent with BRACE measurement results. Since CMAQ-
AIM also predicted coarse particle nitrate formation in
many other coastal regions, our study suggests coarse
mode nitrate needs to be measured in field campaigns
in those areas; otherwise, a major fraction of total ni-
trate deposition would be missed.
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A problem faced by all computational physicists is
the trade off between run time and grid resolution. The
number of time steps and cost per time step drastically
In effort
to combat this dilemma, research areas such as fluid

increases as finer and finer grids are used.

dynamics use a modeling technique known as Adap-
tive Mesh Refinement (AMR). This involves increasing
grid resolution in localized areas of the domain while
preserving the structured nature of the original grid.
The concept of AMR has been around for nearly two

decades, but only in recent years have software pack-
ages become available to aid in many of the details. At-
mospheric and ocean models simulate phenomena with
motion derived from fluid dynamics. This suggests
AMR is feasible for global climate modeling. The suc-
cess of nested regional models also supports this hy-
pothesis.
which will allow AMR. to perform on an existing ocean
model known as the Modular Ocean Model (MOM). Of
particular interest is the ability to use AMR on a stag-
gered grid with centered differencing numerics. These
are two characteristics of MOM which reduce compu-
tational noise and run time respectively. To aid AMR
implementation, the software package SAMRAI (Struc-
tured Adaptive Mesh Refinement Application Infras-
tructure) is used. Refinement is based on solution gra-
dients and possibly other criteria as needed. In addi-
tion, regions of critical topography might be refined if

In this research, techniques are developed

necessary. Current tools include time integrators which
implement Leap Frog, Predictor Corrector, and Runge
Kutta numerics. Velocities are defined at nodes and all
other quantities at cell centers. A bench mark simula-
tion of a barotropic modon will be presented.
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The climate of Eastern Canada is characterized by
atmosphere-ocean-ice interactions due to the closeness
of the North Atlantic Ocean and the Labrador Sea.
Also, there are three relatively large inner basins: the
Gulf of St-Lawrence, the Hudson Bay / Hudson Strait
/ Foxe Basin system and the Great Lakes, influencing
the evolution of weather systems and therefore the re-
gional climate. These basins are characterized by irreg-
ular coastlines and variables sea-ice in winter, so that
the interactions between the atmosphere and the ocean
are more complex. There are coupled general circu-
lation models (GCMs) that are available to study the
climate of Eastern Canada, but their resolution (near
350km) is to low to resolve the details of the regional
climate of this area and to provide valuable informa-
tion for climate impact studies. The goal of this work
is to develop a coupled regional climate simulator for
Eastern Canada to study the climate and its variabil-
ity, necessary to assess the future climate in a double
CO2 situation. An off-line coupling strategy through
the interacting fields is used to link the Canadian Re-
gional Climate Model developed at the ”Université du
Québec aMontréal” (CRCM, Caya and Laprise 1999)
to the Gulf of St. Lawrence ocean model developed at
the ”Institut Maurice-Lamontagne” (GOM, Saucier et
al. 2002). This strategy involves running both simula-
tors separately and alternatively, using variables from
the other simulator to supply the needed forcing fields
every day. We present the results of a first series of sea-
sonal simulations performed with this system to show
the ability of our climate simulator to reproduce the
known characteristics of the regional circulation such
as mesoscale oceanic features, fronts and sea-ice. The
simulations were done for the period from December
1st, 1989 to March 31st, 1990.
pared with those of previous uncoupled runs (Faucher
et al. 2003) and with observations.

The results are com-
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The Alps is famous for its highly three-dimensional
topography that features numerous narrow peaks over
3500 m, deep valleys, and steep mountain slopes. Three
research aircraft were deployed to observe modest-
amplitude gravity waves over the southwestern French
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