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ozone and those caused by aerosols and clouds. Sys-
tematic differences in cloud cover are shown to be the
most important factor in determining regional differ-
ences in UV radiation reaching the ground for locations
at the same latitude (e.g., the summertime differences
between Australia and the US southwest). Regional
and seasonal ozone differences are most important at
higher latitudes in both hemispheres for causing high
values of UVB irradiances.

A11G-05 1130h INVITED

TOMS and Volcanic SO2: an Important
aid to the Understanding of
Volcanism and the Atmosphere

William I Rose1 (906 487 2367; raman@mtu.edu)

Gregg J S Bluth1 (906 487 3554; gbluth@mtu.edu)
1Geological Engineering & Sciences, Michigan

Technological University, 1400 Townsend Drive,
Houghton, MI 49931, United States

It is impossible to measure gas fluxes from the
ground in a major volcanic event, but the TOMS instru-
ment provided the first quantitative measurements of
individual stratospheric eruptions, because SO2 could
be measured as well as O3. The measurements were
quickly noticed by scientists, because the masses of sul-
fur erupted often far exceeded what they expected to
find, based on petrology and its supposed constraints,
by surprising factors of 10 to 100. This result is still
not well understood, and is an important driving idea
for volcanologic research. TOMS was applied glob-
ally and the explosive volcanic flux of SO2 to the at-
mosphere was compiled for the first time using direct
measurements –an important input to earth systems
analysis. Comparison of TOMS volcanic cloud SO2
maps with infrared volcanic ash cloud maps showed
that there is often spatial separation of gas-rich vol-
canic clouds emplaced higher in the atmosphere and
ash-rich clouds which are lower and which drift in dif-
ferent directions because of windshears. Sequential ex-
amination of TOMS data showed that SO2 masses in
volcanic clouds increases for 24 hours or more after
eruption. The best explanation of this increase is that
ice which forms early in volcanic clouds captures SO2
which is then released again as the stratospheric ice
sublimes. The presentation will document all of the
best examples of the discoveries listed above. Volcanol-
ogists and those interested in the mitigation of volcanic
cloud hazards have repeatedly suggested that geosta-
tionary SO2 and ash sensing capability at higher spa-
tial resolution would provide important new science op-
portunities. The sensors of the next remote sensing era
(MODIS, ASTER, SEVIRI, OMI, ABI) bring us closer
to achieving these goals.

URL: http://skye.gsfc.nasa.gov/index.html

A11G-06 1150h

Assessing the Ecological Impact of the
Antarctic Ozone Hole Using
Multisensor Satellite Data

Dan Lubin1 (858-534-6369; dlubin@ucsd.edu)

Kevin Arrigo2 (arrigo@pangea.stanford.edu)

Osmund Holm-Hansen1 (oholmhansen@ucsd.edu)
1Scripps Institution of Oceanography, UCSD, 9500

Gilman Drive, La Jolla, CA 92093-0221, United
States

2Department of Geophysics, Stanford University,
Stanford, CA 94305-2215, United States

We have developed a satellite-based numerical sim-
ulation for determining the extent to which enhanced
solar ultraviolet radiation (UVR) under the spring-
time Antarctic ozone decrease affects primary pro-
duction throughout the Southern Ocean. This satel-
lite approach using NASA Sea-viewing Wide Field-of-
view Sensor (SeaWiFS) data for chlorophyll and phy-
toplankton biomass, passive microwave data for sea ice
concentration, and Total Ozone Mapping Spectrome-
ter (TOMS) data for total column ozone and cloud
reflectivity, circumvents many of the limitations in-
volved with extrapolating point field measurements to
larger geographical areas. The satellite data are used
to force a physiology-based model of phytoplankton
growth in response to UV-B, UV-A, and photosynthet-
ically active radiation (PAR). Comparison with field
measurements in the Western Antarctic Peninsula re-
gion shows excellent agreement. UVR-induced losses of
surface phytoplankton production are substantial, al-
though depth-integrated phytoplankton losses are con-
siderably smaller.

A11G-07 1205h

Evaluation of a Multi-Decadal
Siimulation of Stratospheric Ozone by
Comparison with Total Ozone
Mapping Spectrometer (TOMS)
Observations

Anne R Douglass1 (301 614 6028;
Anne.R.Douglass@nasa.gov)

Richard S Stolarski1 (301 614 5892;
Richard.S.Stolarski@nasa.gov)

Steven D Steenrod2 (301 614 6054;
Steenrod@arachnid.gsfc.nasa.gov)

Steven Pawson3 (301 614 6159;
spawson@gmao.nasa.gov)

1Code 916, NASA Goddard Space Flight Center,
Greenbelt, MD 20771, United States

2SSAI, Code 916 NASA Goddard Space Flight Center,
Greenbelt, MD 20771, United States

3Code 900.3 GMAO, NASA Goddard Space Flight
Center, Greenbelt, MD 20771, United States

One key application of atmospheric chemistry and
transport models is prediction of the response of ozone
and other constituents to various natural and anthro-
pogenic perturbations. These include changes in com-
position, such as the previous rise and recent decline in
emission of man-made chlorofluorcarbons, changes in
aerosol loading due to volcanic eruptions, and changes
in solar forcing. Comparisons of hindcast model results
for the past few decades with observations are a key el-
ement of model evaluation and provide a sense of the
reliability of model predictions. The 25-year data set
from Total Ozone Mapping Spectrometers is a corner-
stone of such model evaluation. Here we report eval-
uation of a three-dimensional multi-decadal simulation
of stratospheric composition. Meteorological fields for
this off-line calculation are taken from a 50-year simu-
lation of a general circulation model. Model fields are
compared with observations from TOMS and also with
observations from the Stratospheric Aerosol and Gas
Experiment (SAGE), Microwave Limb Sounder (MLS),
Cryogenic Limb Array Etalon Spectrometer (CLAES),
and the Halogen Occultation Experiment (HALOE).
This overall evaluation will emphasize the spatial, sea-
sonal, and interannual variability of the simulation
compared with observed atmospheric variability.

A11H MCC: 3016 Monday 1020h

Tropical Cirrus Anvils: Properties
and Processes II (joint with SA, AE)

Presiding: E Jensen, NASA Ames
Research Center; D E Anderson,
NASA Headquarters

A11H-01 1020h

The role of cubic ice in dehydration of
cold clouds

Daniel M. Murphy (303-497-5640;
dmurphy@al.noaa.gov)

Aeronomy Laboratory, NOAA, 325 Broadway, Boul-
der, CO 80305, United States

Cubic ice is a metastable form of ice with very sim-
ilar physical properties but different crystal symmetry
than normal, hexagonal ice. Below 200 K, water pref-
erentially nucleates to Ic, then transforms to the more
stable Ih in minutes to days. As a metastable phase,
cubic ice will necessarily have a higher vapor pressure
than hexagonal ice. A cloud parcel model shows that
nucleation to cubic ice, conversion to hexagonal ice,
and the vapor pressure differential together produce
larger ice crystals that can more effectively dehydrate
air. The modeled effect is largest at 180 to 200 K, just
the range most important for the tropical tropopause
and polar stratospheric clouds. The cloud model also
produces a wider size distribution when cubic ice is in-
cluded, in agreement with observations. Past observa-
tions of cubic ice in the atmosphere are consistent with
the modeled behavior.

A11H-02 1035h

Intercomparison of in situ ice water
measurements on the WB-57 with
radar measurements from the ER-2
during CRYSTAL-FACE

David S Sayres1 (617-495-5922;

sayres@huarp.harvard.edu); Jasna V Pittman1

(vellovic@huarp.harvard.edu); Jessica Smith1

(jxsmith@huarp.harvard.edu); Elliot M.
Weinstock1 (elliot@huarp.harvard.edu); James G
Anderson1 (anderson@huarp.harvard.edu); Gerry
Heymsfield2 (gerald.heymsfield@nasa.gov); Lihua
Li2 (lihua@agnes.gsfc.nasa.gov)

1Department of Earth & Planetary Sciences, Harvard
University, 12 Oxford St. Link 261, Cambridge, MA
02138, United States

2Goddard Space Flight Center, NASA, East Campus,
Bld 33, Rm A405, Greenbelt, MD 20771, United
States

One of the major goals of the 2002 CRYSTAL-
FACE mission was to intercompare and validate mea-
surements of microphysical quantities – ice crystal size
distributions, ice mass, and water vapor - by a variety
of remote and in-situ instruments. However, a direct
comparison of remote and in-situ measurements is diffi-
cult because they involve very different fields of view.
CRYSTAL-FACE provided an opportunity for assessing
how well such intercomparisons can be made and for
determining the type of flight plans that will be neces-
sary for validation of future satellite instruments. Dur-
ing CRYSTAL-FACE, remote and in-situ instruments
were placed on different aircraft (NASA’s ER-2 and
WB-57), and the two planes flew in tandem so that
the in-situ payload flew along the field of view of the
remote instruments. We show here, however, that even
with this type of careful flight planning, it is not al-
ways possible to guarantee with certainty that remote
and in-situ instruments are viewing the same air parcel.
We use ice water data from the in-situ Harvard Total
Water and Water Vapor instruments, and the remote
Goddard Cloud Radar System (CRS), for the flight of
July 16, 2002. This date provided the best opportunity
for comparison because the planes made multiple passes
through cirrus thick enough to be detected by CRS. We
show that agreement between Harvard ice water and
CRS is a strong function of the horizontal separation
and the time delay between the aircraft transects. This
type of analysis should guide flight planning for future
intercomparison efforts, whether for aircraft-borne or
satellite instrumentation.

A11H-03 1050h

Evidence That Most Florida Anvil
Crystals Derive From
Midtropospheric Aerosols

Ann M Fridlind1 (ann.fridlind@nasa.gov); Andrew S
Ackerman1 (ack@sky.arc.nasa.gov); Eric J Jensen1

(ejensen@sky.arc.nasa.gov); David E Stevens2

(dstevens@llnl.gov); Donghai Wang3

(d.h.wang@larc.nasa.gov); Andrew J Heymsfield4

(heyms1@ncar.ucar.edu); Michael R Poellot5

(poellot@aero.und.edu); Larry M Milosevich5

(milo@ucar.edu); Darrel Baumgardner6

(darrel@servidor.unam.mx); Paul Lawson7

(plawson@specinc.com); James Wilson8

(jwilson@du.edu); Richard C Flagan9

(flagan@cheme.caltech.edu); John H Seinfeld9

(seinfeld@caltech.edu); Haflidi Jonsson10

(hjonsson@nps.navy.mil); Timothy VanReken9

(vanreken@its.caltech.edu); Varuntida
Varutbangkul9 (tomtor@caltech.edu); Tracey
Rissman9 (rissman@caltech.edu)

1NASA Ames Research Center, Atmospheric Physics
Branch Mail Stop 245-4, Moffett Field, CA 94035,
United States

2Lawrence Livermore National Laboratory, Center
for Applied Scientific Computing, Livermore, CA
94551, United States

3Hampton University, NASA Langley Research Center
Mail Stop 420, Hampton, VA 23681, United States

4National Center for Atmospheric Research,
Mesoscale and Microscale Meteorology Division,
Boulder, CO 80301, United States

5University of North Dakota, Department of Atmo-
spheric Sciences, Grand Forks, ND 58202, United
States

6Universidad Nacional Autonoma de Mexico, Centro
de Ciencias de la Atmosfera Circuito Exterior, Ciu-
dad Universitaria, DF 04510, Mexico

7SPEC Inc., 3022 Sterling Circle Suite 200, Boulder,
CO 80301, United States
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8University of Denver, Department of Engineering
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9California Institute of Technology, Division of Chem-
istry and Chemical Engineering, 210-41, Pasadena,
CA 91125, United States

10Center for Interdisciplinary Remotely-Piloted Air-
craft Studies, 3240 Imjin Road, Hangar #510,
Martna, CA 93933, United States

NASA’s 2002 CRYSTAL-FACE field experiment fo-
cused on the formation and properties of cirrus cloud
systems in southern Florida, including extensive mea-
surements of aerosol number and size distribution
throughout the atmospheric column. Coupling these
field measurements with large-eddy simulations that re-
solve the size distributions of aerosols and cloud par-
ticles, we find several lines of evidence pointing to
the predominance of midtropospheric aerosols as the
seminal cloud nuclei for anvil crystals, in contrast to
the general assumption that boundary layer aerosols
are more important. Turning first to measurements
made during the only penetration of a powerful up-
draft during the campaign, at an altitude of approx-
imately 10 km on July 18, we find that the inclusion of
tropospheric aerosols above 6 km is required to prop-
erly simulate the large number of cloud particles mea-
sured in the updraft. Furthermore, in both model sim-
ulations and observations, peak particle numbers are
found not in the heart of the updraft core at 10 km,
where peak supersaturations are located, but instead
are found in the upwind entraining boundary of the up-
draft. Observed and modeled particle size distributions
also demonstrate that the additional particles in the en-
training region are much smaller than those in the heart
of the core, consistent with cloud particle activation on
recently-entrained tropospheric aerosols. Turning next
to upper anvil ice crystal size distributions, observa-
tions consistently indicate peak crystal numbers in the
20 to 30 um diameter range. Model simulations repro-
duce this peak accurately when aerosols are included
throughout the atmospheric column,but the peak shifts
to 40 to 50 um when excluding aerosols above 6 km,and
further shifts to 90 um when excluding aerosols above
2 km, which well exceeds the boundary layer depth.
While no anvil data are available on July 18, coinci-
dent with the strong updraft measurements, we find
that upper tropospheric aerosols are equally important
to simulated anvil crystal numbers and size distribu-
tions on other days when cumulonimbus systems and
aerosols were simultaneously measured, including July
11, 16, 19, 21, 28, and 29.

A11H-04 1105h

Evidence That Ambient Nitric Acid
Increases Relative Humidity in
Low-Temperature Cirrus Clouds

R. S. Gao1 (303-497-5431; rgao@al.noaa.gov); P. J.
Popp1,2 (ppopp@al.noaa.gov); D. W. Fahey1,2

(dfahey@al.noaa.gov); T. P. Marcy1,2
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(weinstock@huarp.harvard.edu); D. G.
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(pbui@mail.arc.nasa.gov); B. A. Ridley8

(ridley@acd.ucar.edu); S. C. Wofsy9

(scw@io.harvard.edu); O. B. Toon10
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(thomas.peter@ethz.ch); P. K. Hudson1,2

(phudson@al.noaa.gov); A. J. Weinheimer8
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2Cooperative Institute for Research in Environmen-
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80309, United States

3Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, CA 91109, United States

4Atmospheric Research Project, Harvard University,
Cambridge, MA 02138, United States

5Universidad Nacional Autonoma de Mexico, Centro
de Ciencias de la AtmosferaUniversitaria, Mexico
DF 04510, Mexico

6Department of Meteorology, University of Utah, Salt
Lake City, UT 84112, United States

7Ames Research Center, NASA, Moffett Field, CA
94035, United States

8Atmospheric Chemistry Division, National Center
for Atmospheric Research, Boulder, CO 80307,
United States

9Department of Earth and Planetary Sciences, Har-
vard University, Cambridge, MA 02138, United
States

10Laboratory for Atmospheric and Space Physics,
Program in Atmospheric and Oceanic Sciences, Uni-
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States

11Department of Chemistry and Biochemistry, Uni-
versity of Colorado, Boulder, CO 80309, United
States

12Institut für Physik der Atmosphäre, Deutsches Zen-
trum für Luft- und Raumfahrt, Wessling 82234,
Germany

13Laboratorium fuer Atmosphärenphysik, ETH-
Zurich, Zurich CH-8093, Switzerland

In situ measurements of the relative humidity with
respect to ice (RHi) and nitric acid (HNO3) were made
in both natural and contrail cirrus clouds in the upper
troposphere. At temperatures lower than 202K, RHi
values show a sharp increase to average values over
130% in both cloud types. These enhanced RHi val-
ues are attributed to the presence of a new class of
HNO3-containing ice particles. We propose that these
particles have HNO3-trihydrate-like clusters or partial
layers which interfere with the ice-vapor steady state.
These RHi observations alter expected cloud properties
in the upper troposphere and the effectiveness of the
dehydration process. The potential role for HNO3 rep-
resents a new link between natural and anthropogenic
nitrogen oxide emissions and climate change.

A11H-05 1120h

Tropical cirrus lifecycle and relation to
the upper tropospheric water vapor

Zhengzhao Luo1 (970-491-8644;
luo@cira.colostate.edu)

William B Rossow2 (212-678-5567;
wrossow@giss.nasa.gov)

1Cooperative Institute for Research in the Atmo-
sphere, Colorado State University, W. Laporte Ave,
Fort Collins, CO 80523-1375, United States

2NASA Goddard Institute for Space Studies, 2880
Broadway, New York, NY 10025, United States

Tropical cirrus lifecycle, evolution and relation to
the upper tropospheric water vapor (UTWV) are exam-
ined by analyzing satellite derived cloud data, UTWV
data, and NCEP/NCAR reanalysis wind field. Build-
ing upon the existing ISCCP data and the TOVS prod-
uct, a global (except polar region), six-hourly cirrus
dataset are developed from two infrared radiance mea-
surements roughly at 11 and 12 micron. The analysis
in this study is conducted in a Lagrangian framework,
which assumes that cirrus, like other tracers, drift with
the upper tropospheric wind, while at the same time,
going through their lifecycle from formation to mat-
uration to decay. The Lagrangian trajectory analysis
shows that the decay of deep convection is immedi-
ately followed by the growth of cirrostratus and then
the decay of cirrostratus is followed by the growth of
cirrus. Cirrus properties continuously evolve along the
trajectories as they gradually thin out and move to the
lower levels. Typical tropical cirrus systems last for
19 - 30 hours, with a standard deviation of about 16
hours. This is much longer than cirrus particle life-
times (0.8 - 8 hours), suggesting that there are other
processes (e.g. large-scale lifting) that oppose parti-
cle sedimentation to maintain tropical cirrus. Conse-
quently, tropical cirrus can advect over large distances,
about 600 - 1000 km, during their lifetimes. For al-
most all current GCMs, this distance spans more than
one grid box requiring that the water vapor and cloud
water budgets include an advection term. Based on
their relationship to convective systems, detrainment
cirrus are distinguished from in situ cirrus. It is found
in this study that more than half of the tropical cir-
rus are formed in situ. The interaction between cirrus
and UTWV is explored by comparing the evolution of
the UTWV along composite clear trajectories and tra-
jectories with cirrus. Cirrus are found to be associated
with a moister upper troposphere and a slower decrease
rate of UTWV. Moreover, elevated UTWV level has a
longer duration than cirrus. The amount of water in
cirrus is too small for evaporation of cirrus ice parti-
cles to moisten the upper troposphere. Rather, it is
large-scale and small-scale transport that brings water
vapor upward to maintain the high UTWV level. Fi-
nally, the maintenance of UTWV is discussed by using
a simple, conceptual model.

A11H-06 1135h

Drying and moistening by deep
sub-tropical and tropical convection
in large-eddy simulations of
CRYSTAL-FACE and CEPEX field
measurements

Andrew S Ackerman1 (andrew.ackerman@nasa.gov);
Fridlind M Fridlind1 (ann.fridlind@nasa.gov); Eric
J Jensen1 (eric.j.jensen@nasa.gov); David E
Stevens2 (dstevens@llnl.gov); Lawrence M
Miloshevich3 (milo@ucar.edu); Darrel
Baumgardner4 (plawson@specinc.com); Paul
Lawson5

1NASA ARC, address, Moffett Field, CA 94035,
United States

2LLNL, address, Livermore, CA 94551, United States

3NCAR, address, Boulder, CO 80307, United States

4UNAM, address, Mexico, DF 04150, Mexico

5SPEC, Inc, address, Boulder, CO 80301, United
States
Deep convection has been proposed to be a lead-

ing mechanism controlling the moisture in the lower
stratosphere. We evaluate this hypothesis with large-
eddy simulations that resolve the size distributions of
aerosols and cloud particles over 100-km square square
domain using pre-convective Miami and PARSL sound-
ings, initiating convection with enough of a surface heat
source to match the observed anvil altitudes. Differ-
encing the moisture field after the anvils decay with
the initial state, we find that convection predominantly
moistens the transitional tropopause layer (TTL), al-
though some drying is predicted in localized layers. Be-
yond the sub-tropical convection of Florida we also use
frostpoint hygrometer soundings obtained during the
CEPEX mission in the tropical western Pacific, which
show repeated evidence of supersaturated layers within
the TTL. In such cases we find that deep convection
dries out the supersaturated layers while moistening
the air above and below. We also analyze the environ-
mental and temporal dependence of the time constants
of sedimentation, evaporation, and mixing of water.

A11H-07 1150h

Impacts of Nucleating Aerosol on the
Characteristics of Cumulus
Convection and the Associated Anvils
During CRYSTAL-FACE

Susan C van den Heever1 (970-491-8684;
sue@atmos.colostate.edu)

William R Cotton1 (970-491-8593;
cotton@atmos.colostate.edu)

1Atmospheric Science Department Colorado State
University, LaPorte Avenue, Fort Collins, CO
80523, United States

Unusually high aerosol concentrations were ob-
served on 28 July 2002, during the CRYSTAL-FACE
field program conducted over the Florida peninsula.
The impacts of nucleating aerosol on the characteristics
of the cumulus convection and associated anvils that
developed on this day have been investigated using the
Regional Atmospheric Modeling System (RAMS). Sim-
ulations were conducted in which the concentrations of
cloud condensation nuclei (CCN), giant CCN (GCCN)
and ice forming nuclei (IFN) were varied from ”clean”
air concentrations to ”dirty” air concentrations. The
location and strength of the cumulus convection, the
depth and longevity of the anvil, hydrometeor size dis-
tributions, and the amount and distribution of precip-
itation at the surface were all affected by these varia-
tions in nucleating aerosol concentrations.

A11H-08 1205h

Simulations of the July 16 and 21
CRYSTAL-FACE Cirrus Cases Using
a Cloud-Resolving Model Forced by a
Mesoscale Model

Robert W Carver1 (1-814-865-9026;
rwc141@psu.edu)

Jerry Harrington1 (1-814-863-1584;
harring@mail.meteo.psu.edu)

Johannes Verlinde1 (1-814-863-9711;
verlinde@essc.psu.edu)

1Department of Meteorology Pennsylvania State Uni-
versity, 503 Walker Building, University Park, PA
16802, United States

To understand what could influence the evolution
and maintenance of tropical anvil cirrus, we present
results from a paired mesoscale-cloud scale numerical
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modeling system. The mesoscale model is used to sim-
ulate the development of convection over southern FL
during the CRYSTAL-FACE study days and to provide
a guide as to how the atmosphere responds to the con-
vection. Data from these model runs is then used to
provide initial conditions and mesoscale forcing terms
for a LES simulation of detached anvil. Results suggest
that the amount of initial condensate present in the
anvil simulation has a role in the maintenance and evo-
lution of the cirrus layer comparable to the role played
by the mesoscale forcing. Parcel studies and off-line
microphysics models are used to describe the interplay
between cloud microphysics, mesoscale dynamics, and
cloud dynamics.

URL: http://www.meteo.psu.edu/˜rcarver

A11I MCC: 3010 Monday 1020h

Effects of Biomass Burning Plumes on
the Troposphere and Stratosphere II
(joint with B, AE)

Presiding: H Jost, NASA Ames
Research Center; D Rosenfeld,
Institute of Earth Sciences

A11I-01 1020h INVITED

Boreal Forest Fires - Behavior and
Atmospheric Impacts

Brian J. Stocks (705-541-5568;
bstocks@NRCan.gc.ca)

Canadian forest Service, 1219 Queen Street East,
Sault Ste. Marie, Ont P6A 2E5, Canada

Fire is a natural and essential stand-renewing agent
in circumboreal forests, and eliminating fire in this re-
gion is neither economically possible nor ecologically
desirable. In general, boreal fire is managed on the
basis of values-at-risk, with high levels of protection
afforded to economically and recreationally important
areas, while fire is permitted to burn naturally in many
remote areas. Current estimates are that an average of
5-15 million hectares burn annually across the boreal
zone, with at least 50% of the area burning in largely
unmanaged forest. High-intensity crown fires account
for the vast majority of the area burned in the boreal
zone, particularly in North America. These fires typi-
cally consume 20-30 tonnes/ha of fuel, spread at rates
up to 100 m/min, and generate intensity levels (or en-
ergy release rates) approaching 100,000 kW/m of fire
front. Deep forest floor (organic) layers common to
boreal forests contribute significantly to high levels of
fuel consumption and assist in the propagation of crown
fires. When crown fires are sustained through a peak
afternoon burning period, they usually produce tower-
ing convection columns that can reach the upper tropo-
sphere directly. Numerous boreal fires columns reach-
ing 11-14 kilometres in height have been documented
in the fire literature. Given the lower altitude of the
tropopause at boreal zone latitudes it is not surprising
that some boreal fire columns have been recently re-
ported reaching the lower stratosphere. Current global
and regional climate models suggest a significant in-
crease in both the severity and frequency of boreal fires
under a changing climate, with potentially major im-
pacts on terrestrial carbon storage and the global car-
bon budget, as well as hemispheric smoke transport.
Modelling convection column dynamics is essential to
predicting the future transport and atmospheric im-
pacts of boreal fire smoke, and this science requires a
solid understanding of fuel consumption and fire behav-
ior on the ground, presenting a solid opportunity for
mutually-beneficial collaboration between atmospheric
modelers and the wildland fire research community.

A11I-02 1040h

Siberian Biomass Burning Plumes
Across the Pacific: Impact on Surface
Air Quality in the Pacific Northwest

Dan Jaffe1 (425-352-5357; djaffe@u.washington.edu)

Peter Weiss-Penzias1 (425-352-3475;
pweiss@bothell.washington.edu)

James Dennison1 (425-352-3478;
dennison@u.washington.edu)

Isaac Bertschi1 (425-352-3479;
isaacpb@u.washington.edu)

Douglas Westphal2 (831-656-4743;
westphal@nrlmry.navy.mil)

1University of Washington Bothell, Interdisciplinary
Arts and Sciences, Bothell, WA 98011, United
States

2Naval Research Lab, 7 Grace Hopper Street, Mon-
terey, CA 93943, United States

During the summer of 2003, we conducted ground
and airborne observations of CO, O3 and aerosols in
the Pacific Northwest. The airborne data is discussed
by Bertschi and Jaffe. In this paper we discuss the
surface data. Observations were made at the Cheeka
Peak Observatory on the remote northwest tip of Wash-
ington state and we have supplemented this with data
from the regional Puget Sound air quality network. In
two cases we observed significant enhancements in sur-
face CO, O3 and aerosols associated with the large
Siberian biomass fires which occurred during the sum-
mer of 2003. The first episode occurred on June 2-
3, 2003. During this period our aircraft observations
and the NAAPS global model identified significant en-
hancements due to long range transport of emissions
from Siberian fires and this was also seen at surface
sites around the Puget Sound. In some locations the
ozone enhancements were significant and may have con-
tributed to a local air pollution episode two days later.
In the second case, on August 4-5, our aircraft observa-
tions and the NAAPS global model again confirmed the
presence of Siberian biomass burning emissions. This
was seen at our Cheeka Peak site as a substantial ele-
vation in CO and aerosols, but with a more modest en-
hancement in O3. During this period, aerosol concen-
trations were elevated to 10-15 ug/m3 (PM 2.5) around
the Puget Sound. Our observations demonstrate that
long range transport can occur during summer and that
it can have a significant influence on surface air quality
in the western U.S.
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We investigated the emission of smoke from biomass
burning, its regional distribution, and its effects on
cloud microphysics during the LBA-SMOCC experi-
ment in Amazonia, September-October 2002. The
campaign consisted of airborne, ground-based, remote-
sensing, and modeling components. Two instrumented
aircraft investigated trace gases, aerosol properties and
cloud microphysics across a large region that comprised
highly polluted and essentially pristine airmasses. At a
ground site, we made continuous measurements of trace
gases and a large suite of aerosol properties, and col-
lected samples for laboratory analysis. Measurements
spanned from the peak of the burning season, with high
smoke concentrations, to fairly clean conditions in the
early rainy season. We found high loadings of smoke
particles and pyrogenic trace gases in the boundary
layer over vast reaches of Amazonia, and evidence for
efficient vertical transport of smoke into the free tro-
posphere. Smoke aerosols had pronounced effects on
the radiation budget, cloud microphysics and precip-
itation formation over Amazonia, as show by in-situ
measurements and remote sensing data. The campaign
was accompanied by an intensive modeling effort, which
proved very effective in understanding and predicting
the conditions encountered by the field team.

A11I-04 1115h

Multi-platform observations of Siberian
forest fires

Steven Massie1 (303-497-1404; massie@ucar.edu);
John Gille1 (gille@ucar.edu); David Edwards1

(edwards@ucar.edu); Louisa Emmons1

(emmons@ucar.edu); Merritt Deeter1

(mnd@ucar.edu); Alyn Lambert1

(alambert@ucar.edu); Hyunah Lee1

(halee@ucar.edu); Omar Torres2

(torres@tparty.gsfc.nasa.gov); Michael Fromm3

(fromm@poama.nrl.navy.mil)

1National Center for Atmospheric Research, PO Box
3000, Boulder, CO 80307, United States

2NASA Goddard Space Flight Center, Code 916,
Greenbelt, MD 20771, United States

3Computational Physics, 2750 Prosperity Ave, Fair-
fax, VA 22031, United States

Observations of aerosol in the lower stratosphere
during northern summer indicate that aerosol is trans-
ported from the lower troposphere into the stratosphere
due to intense Boreal fires. Observations of Siberian
fires in the Spring of 2003 are discussed to illustrate
how multi-platform data can be used to study these
events. MODIS aerosol optical depths,MOPITT CO
mixing ratios, and POAM aerosol extinction data are
used in an analysis of the Spring 2003 fires. Aerosol
and CO is injected into the troposphere, and enhanced
POAM aerosol appears in the lower stratosphere, in
May. A historical perspective is given based upon
POAM, SAGE, and TOMS data for years between 1985
and 2000, excluding 1991-1995(the period of time in
which Pinatubo aerosol was influential). Toms aerosol
optical depths at latitudes between 50 and 70 N are
large (due to Boreal fires) during the same years in
which enhanced aerosol extinction is also observed sev-
eral km above the thermal tropopause. The longitu-
dinal distribution of the aerosol enhancements in the
lower stratosphere shows a preference for longitudes
over eastern Siberia.
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During the last few years, evidence has accumu-
lated that boreal forest fires emitting huge amounts of
aerosols and trace gases can have a great impact on the
concentrations of these species far away from the loca-
tion of the burning, both in the troposphere and strato-
sphere.In the first part of this talk, a brief overview of
the highlights of model-supported case studies of the


