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Satellite and aircraft observations of trace species
provide independent top-down constraints on emis-
sions. We examine the consistency of these very dif-
ferent observations. Daily MOPITT satellite observa-
tions and CO data from the TRACE-P aircraft mission
over the NW Pacific are applied here to the regional
estimation of CO emissions from different Eurasian re-
gions for the spring of 2001. We use the GEOS-CHEM
global 3-D model of atmospheric chemistry as the for-
ward model. A priori estimates of Asian emissions are
based on gridded inventories for the observation pe-
riod. We account for the model transport error using
an approach based on paired forecasts of CO as well
as differences between observations and simulated con-
centrations. This method accounts for the daily spatial
correlations of the errors. We examine the sensitivity
of the a posteriori source estimates to the structure of
the error covariance as well as the range of Asian emis-
sion source strengths defined by the combination of the
satellite and aircraft observations. MOPITT observa-
tions indicate that emission estimates are underesti-
mated in regions dominated by anthropogenic sources,
whereas biomass burning emissions are overestimated.
The range of a posteriori solutions provides a better
estimate of the uncertainty of the solution than the a
posteriori errors and can in some cases exceed the a
priori uncertainty on the source. We find that the air-
craft and satellite observations are broadly consistent
in terms of their constraints on regional CO sources,
but that the satellite observations allow for additional
source disaggregation.
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New aerosol particles are formed in atmospheric en-
vironment as a result of the secondary particle produc-
tion, or homogeneous nucleation of gaseous species. Di-
rect emissions of small particles into atmosphere are re-
lated to road traffic, power plants and additional mech-
anisms involving ion-assisted nucleation. These pro-
cesses contribute to ultra-fine particle (UFP) presence
in atmosphere (defined as particles with diameter less
than 100 nm), which can have health effects and can
impact cloud properties. UFP formed in the boundary
layer (BL) need to grow up to a diameter dp ∼ 100
nm to become activated as cloud droplets (CD). The
time required to reach dp=100 nm is about 2-3 days

for a typical growth rate of 5 nm hr−1, while signifi-
cant variability was reported from experimental data.
If precipitation occurs, most UFP are too small to be-
come CD and some particles are removed by scavenging
processes. A model to estimate the UFP wet removal
from the BL by rainfall and coagulation is presented.

The scavenging coefficient that describes the decay of
aerosol mass in various size bins is a function of aerosol
size (dp), rainfall rate (R), and BL background aerosol.
The model is applied to determine the UFP character-
istic removal time during precipitation, due to below-
cloud scavenging by falling raindrops, coagulation with
background aerosol, mixing in-cloud followed by coag-
ulation with cloud hydrometeors. Results show that
during rain events, the 0.5-folding time is t05 ∼ 1 hr

for R ∼ 1 mm hr−1 for newly created particles (dp <
10 nm) and t05 ∼ 1 day for larger UFP (dp ∼ 10-100
nm). The likelihood of UFP removal at locations with
specific precipitation regimes is also illustrated.
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The Canadian Regional Climate Model plus a micro-
physical scheme: two-moments microphysics with three
hydrometeor categories (cloud liquid water, pristine ice
crystals and larger precipitation crystals) is used to test
the simulation in forecast mode using ECMWF data at
0.4 X 0.4 degree.
We are zooming in on cirrus at higher resolutions (9,
1.8, 0.36 km). We are currently using the data set mea-
sured in APEX-E3, measurements of radar, lidar, pas-
sive instruments and interpreted microphysics for some
flights (G-II, C404, B200). The radar and lidar data are
available for high level cirrus. The south west of Japon
is the flight region. The dates are March 20, March
27 and April 2, 2003. We first focus on the March 27
frontal system.
We did a rigorous synoptical analysis for the cases. The
cirrus at 360 m resolution are simulated. The cloud
structure and some similarities between model simula-
tion and observations will be presented.
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The NASA Goddard Earth Sciences Data and In-
formation Services Center (GES DISC), which includes
the GES Distributed Active Archive Center (DAAC),
distributes three major groups of MODIS products:
Level 1 Radiometric and Geolocation data, and Level 2
and higher levels of Atmosphere and Ocean products.
The GES DISC provides a broad spectrum of MODIS
support for the Earth Observing System (EOS) Project,
covering data access, visualization tools, tools for data
search and order, documentation, data content, and
science and software support. To optimize data ac-
cess and usage, the MODIS Support Team (MDST) at
the GES DISC has developed a variety of tools. The
MODIS Multiple Data Ordering Page (MDOP) pro-
vides a convenient way to order several MODIS data
sets simultaneously, including Level 1, Level 2, and

Level 3 products. The MODIS Ocean On-demand Spa-
tial Subsetting tool enables the parameter and spa-
tial subsetting of all MODIS Ocean mapped data prod-
ucts from the GES DAAC Search and Order System.
The MODIS L3 Atmospheric products Online Visual-
ization and Analysis System (MOVAS)addresses the
”HDF-data-order-free“ desire of science users for the
on-line study of aerosols, water vapor, and clouds on
a large regional to global basis, without download-
ing huge amounts of data. To increase the distribu-
tion capacity of the EOS Core System (ECS), the so-
called Data Pool has been added, providing a very
large (50 TB) anonymous FTP area for users to di-
rectly download data of interest, without having to sub-
mit orders to the main tape archive. New information
about MODIS data products, tools, and services can be
found on the Web gateway for MODIS information at
http://daac.gsfc.nasa.gov/MODIS/
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Tracking of the Aerosol Optical Depth (AOD) is
of particular importance in monitoring aerosol con-
tributions to global radiative forcing. Aerosol emis-
sions from forest fires contribute significantly to the
atmospheric AOD. The modelling of the AOD spatio-
temporal evolution using an aerosol transport model re-
quires accurate and dynamic emission inventories. Cur-
rent inventories are largely based on monthly or sea-
sonal climatological averages. Since forest fire occur-
rence is highly variable in time and space, emission
inventories of a climatological nature are clearly in-
adequate as inputs to aerosol transport models. This
is especially true near the time and position of large-
magnitude forest fires events. In this communication
we present a method for improving currrent inventories
of biomass burning aerosol emission. The basic idea is
to exploit the dynamic temporal information contained
in the ATSR open fire counts database to correct or
update monthly databases. Daily temporal variations
in emissions rates are obtained by multiplying the cli-
matological inventories with the ratio of ATSR daily
fire counts over the monthly daily average of ATSR
fire counts. This simple operation results in a daily
aerosol emission inventory which maximizes the use
made of the knowledge resources imbedded in clima-
tological databases. While the information concerning
emission flux and injection height are taken from the
climatological inventories the high frequency temporal
variations are given by the ATSR dataset. We applied
this method to the large Canadian forest fire events of
August 1998. The resulting aerosol biomass burning
emissions were used as an input to the Aerosol Opti-
cal Depth Spatio-temporal Evolution Model (AODSEM
V2.0). Results of AODSEM model runs were compared
with AOD measurements acquired from the AERONET
sunphotometer network and with a control run using
original climatological emission inventory data as in-
put. Our results shows the improvements of our new
method compared to the more classical one.

URL: http://www.graphycs.qc.ca/NOMAD/index.html
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The Soufriere Hills Volcano is located on the
southern half of the Caribbean island of Montserrat.
Montserrat is situated in the northern part of the
Lesser Antilles, which is a volcanic island arc formed
along the junction of the Atlantic tectonic plate and
the Caribbean plate. An eruption of the Soufriere Hills
Volcano began in 1995. Periods of small to moderate
sized explosions followed. On July 12, 2003, a lava-
dome of the volcano collapsed and led to several days
of explosions that rocked the island and injected ash
into the atmosphere. The aim of the work presented
herein is to elucidate the transport mechanism of the
volcanic ash from the island of Montserrat to the south-
western coast of Puerto Rico and its impact on regional
aerosol distributions.
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In October of 2003 seven research flights were car-
ried out over the North Atlantic as a part of the Surface
Ocean Lower Atmosphere Study (SOLAS). Each flight
followed a similar pattern: a vertical profile through
the cloud, sampling above, within and below a stra-
tocumulus cloud layer, as well as 500 feet above the
ocean surface. Aerosol size distributions were measured
using a TSI-APS (Aerosol Particle Sizer - 0.3-20 mi-
cron diameter), a TSI-SMPS (Scanning Mobility Parti-
cle Sampler - 10-300 nm), a PMS-PCASP (Passive Cav-
ity Aerosol Spectrometer Probe - 0.15-3 microns) and
a PMS-FSSP (Forward Scattering Spectrometer Probe
2-40 microns). Aerosol chemistry was measured using
the Aerodyne Aerosol Mass Spectrometer (AMS) and
the Particle In Liquid Sampler (PILS). Cloud and pre-
cipitation microphysics quantities were measured with
a variety of instruments mounted under the wings of the
aircraft, including the FSSP that is also used for mea-
suring the size distribution of the cloud droplets. There
were also two cloud radars on board. Initial results in-
dicate that the aerosol mass in the boundary layer air
feeding the stratocumulus decks was dominated by sul-
phate and sea salt. Above the boundary layer, the air
was found to be extremely clean. Drizzle was present in
almost all of the clouds, despite most being relatively
thin. The size spectra of aerosols and cloud droplets
will be used in conjunction with the precipitation data
and aerosol chemisty data to study the role of sea salt
aerosols in drizzle formation.
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Measurements Of Pollution In The Troposphere
(MOPITT) on board NASA Terra satellite is a sensor
developed for measuring carbon monoxide (CO) from
space. The CO measurements made by MOPITT have
greatly enhanced our understanding of temporal and
spatial distributions of CO in the atmosphere and the
mechanisms governing the distributions. In this study,
the global CO data are statistically analyzed in terms
of CO total column variations with time, latitude, lon-
gitude, and altitude. This statistics provides a new and
comprehensive overview of global CO distributions in a
quantitative way. The information is useful not only to
atmospheric science community but also to other disci-
plines and public, owing to the importance of CO as
a major pollutant, a precursor of ozone, and its ef-
fects on many atmospheric chemical processes. The
CO data have illustrated the combined effects of natu-
ral and anthropogenic factors on the CO distributions
in the atmosphere. The preliminary results from the
analysis are highlighted as follows: (1) The mean CO
of the northern hemisphere usually reaches its maxi-
mum in April-May, mainly because of low atmospheric
oxidation capacity at the time. The maximum CO
of the southern hemisphere often appears in October-
November due to large fire events. As a result, seasonal
variation of global mean CO generally shows two peaks
at a level up to 2.0 1018 molecules/cm2, in April-May
and October-November. (2) As land is a source of CO
and the fraction of land increases with latitude, global
annual mean CO total column increase with latitude
from 1.0 1018 molecules/cm2 in the south pole to 2.1
1018 molecules/cm2 at 0◦, then staying around that
level up to the north pole. When looking at CO over
land only, a peak of 2.3 1018 between -10◦S and 10◦N
and a trough at 34◦N can be found. The former re-
sults from vegetation fires in the tropics and the latter
is due to the Plateau of Tibet. The CO averaged over
oceans increases from the south pole to 50◦N and then
decreases slightly along latitude. The trend of CO with
latitude is similar to that for CO2. (3) Along longitude
circles, global annual mean CO fluctuates from 1.6 to
1.9 1018 molecules/cm2, a variation smaller than that
across latitudes. The fluctuation is larger over land
than that over oceans. (4) Considering both latitude
and time, the rate of CO increase with latitude is the
smallest in June/July ( 0.006 1018 molecules/cm2 per
degree between ±60◦) and the largest in April/May
(one time bigger than that for June/July). The ampli-
tude of seasonal variation of CO is low in the southern
hemisphere at 45◦S and 5◦S (0.4 1018 molecules/cm2
per year). In the northern hemisphere, the amplitude is
0.6 1018 molecules/cm2 per year with a small change
with latitude. (5) CO total column generally decreases
with altitude because of the reduction of air mass. In
terms of the global annual mean, CO total column de-
clines at a lapse rate of 0.3 1018 molecules/cm2 per
kilometer. (6) With a series of daily global mean CO
from 2000 to 2004, a short-time trend of 0.025 1018
molecules/cm2 per year is found. A long-term trend
can be established if MOPITT continues on orbit for
a longer period and other space-borne instrument shall
be available to replace MOPITT when it is not operat-
ing.
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Carbon monoxide (CO) generated from incomplete
combustion of fossil fuel is one of the major pollutants
in the atmosphere. The MOPITT (Measurements Of
Pollution In The Troposphere) instrument, on board
the Terra satellite is now measuring this atmospheric
gas from space for the first time. With the MOPITT
CO data, a phenomenon of large horizontal gradients of
CO at the synoptic scale was observed. The horizon-
tal concentration of CO varied rapidly by 50-100% in
100 km across a noticeable boundary. This phenomenon
lasted one to several days and spanned horizontally 500
-1000 km, appearing at almost all heights of CO re-
trievals from 850 mb to 250 mb. In comparison with

the corresponding NCEP/NCAR Reanalysis meteoro-
logical data, we found that over land this phenomenon
often correlates with a shift in the vertical wind direc-
tion on the two sides of the boundary. The boundary is
mostly aligned with the transition between downward
and upward airflows, with ascending air motion corre-
lating with high CO on one side and descending mo-
tion with low CO on the other side. The shift in the
vertical wind direction is usually associated with syn-
optic weather processes, such as frontal systems. Over
oceans, the phenomenon appears to be related to hori-
zontal wind shear. In addition to case studies, we will
also discuss the significance of these new findings in un-
derstanding the mechanisms of air pollutant transport
and modeling of their spatial distribution patterns.
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The Measurements Of Pollution In The Troposphere
(MOPITT) data products are archived and distributed
by the Atmospheric Sciences Data Center (ASDC) at
NASA’s Langley Research Center. Available MOPITT
data products include Level 1 radiances and Level 2
derived carbon monoxide. The ASDC also provides ac-
cess to tools that aid in the visualization and analysis
of the MOPITT Level 2 data products. The MOPITT
L2 Viewer software package plots images from the MO-
PITT Level 2 data files. Sample read software extracts
data from a MOPITT Level 2 HDF-EOS formatted file
and outputs the data in ASCII. The software also al-
lows subsetting by latitude and longitude. Detailed in-
formation about the MOPITT data products, tools and
documentation are available from the ASDC web site,
http://eosweb.larc.nasa.gov.

URL: http://eosweb.larc.nasa.gov
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MOPITT (Measurements of Pollution In The Tro-
posphere) is a carbon monoxide and methane remote
sounder launched in 1999 on the Terra spacecraft. An
aircraft version of MOPITT (MOPITT-A) has been de-
veloped at the University of Toronto to perform valida-
tion of MOPITT radiances as well as small scale pol-
lution studies. MOPITT-A is based on the engineer-
ing model of MOPITT, modified for flight in NASA’s
ER-2 research aircraft. In August and September 2000,
it participated in the SAFARI 2000 field campaign in
South Africa, monitoring CO emissions from biomass
burning. This talk will describe the method used to re-
trieve carbon monoxide concentrations from longwave
channel radiances. Special attention will be paid to the
September 7th 2000 mission, the highlight of which was
the overflight of a large prescribed fire in the vicinity of
the Kruger National Park. MOPITT-A is financed by
the Canadian Space Agency and the Natural Sciences
and Engineering Research Council.

URL: http://www.atmosp.physics.utoronto.ca


