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W. Lawrence Gates Program for Climate Model Di-
agnosis and Intercomparison (PCMDI) Lawrence Liver-
more National Laboratory Livermore, CA

A brief review of the development and application
of climate models is presented, ranging from the early
quasi-geostrophic atmospheric models used to study the
general circulation to the current sophisticated coupled
models of the climate system. The development of cou-
pled models at NCAR and their application to the sim-
ulation of the climatic effects of increased atmospheric
CO2 are seen as highlights of the contributions of War-
ren Washington.

This work was performed under the auspices of the
U.S. Department of Energy by the University of Califor-
nia at Lawrence Livermore National Laboratory under
Contract No. W-7405-Eng-48.

A71H-02 1035h INVITED

Simulation of Past Climates: Studies
using NCAR Climate Models and
Computers

John E. Kutzbach (608-262-2839;
jek@facstaff.wisc.edu)

Center for Climatic Research University of Wisconsin-
Madison, 1225 West Dayton Street, Madison, WI
53706-1695, United States

While climate models are being developed and im-
proved to address questions of present and future cli-
mates, they are also being used to explain the causes of
past climates and climate change. The use of climate
models to study and understand the mechanisms of past
climate changes began at NCAR, and elsewhere, in the
1970s, and continues in expanding fashion today. War-
ren Washington has played a key role in NCARs work
in this fascinating area through his leadership in recog-
nizing the importance and relevance of studies of past
climate, through his direct involvement in this research,
through his encouragement of NCAR scientists and vis-
iting scientists in pursuing this work, and through his
support of university scientists in using NCAR climate
models and computers. This paper reviews some of
these studies.

In the 1970s, the NCAR general circulation model
was used in initial studies of ice age climates, of the
warm climates of the Cretaceous with changed posi-
tions of the continents, of the response of climate to
changes in the height of mountains and plateaus, and
of the response of climate to changes in greenhouse
gas concentrations. Warren Washington was a coau-
thor in all of these studies and thereby helped launch
NCARs involvement in this area of interdisciplinary
research involving geology and ecology as well as cli-
matology. In the 1980s, and especially with the de-
velopment of the NCAR Community Climate Model,
version 0 (CCM0), the study of the causes of climate
change expanded to include other climate forcing mech-
anisms ( including the role of orbital changes). In the
1980s, and continuing into the 2000s, improved versions
of the CCM, and other climate models, have incorpo-
rated more interactive components - soil moisture, sea
ice, mixed-layer ocean, dynamic ocean, dynamic vege-
tation. These multi-component climate models are be-
ing used to greatly extend the early studies of past cli-
mates by simulating both the initial response of cli-
mate to changes in external forcing and the subse-
quent internal adjustments and feedbacks within the
atmosphere-ocean-cryosphere-biosphere system. Some
of the achievements of the past 25 years will be illus-
trated by comparing results from early studies and re-
cent studies.

A71H-03 1050h INVITED

Using climate models to unraveling past
conditions during Earth’s history and
its relevance to Climate Change

Gregory S Jenkins (814-865-0479; gsj1@psu.edu)

Penn State University, Dept. of Meteorology 503
Walker Building, University Park, PA 16802, United
States

During the mid 1970s global climate models were
used to examine climate conditions of the past. Ini-
tially these early studies considered how external
changes would influence the climate system and the
ocean was considered as a fixed boundary condition. By
the early 1980s the ocean evolved from a fixed bound-
ary condition, to one acting solely as a moisture source
and finally to considering the thermodynamic and dy-
namic states of the ocean. At the same time, the role
of internal boundary condition (greenhouse gas concen-
trations, continental configuration, rotation rate, ice-
sheets) as a means for understanding past climate were
being taken into account. Many of the early stud-
ies used the National Center for Atmospheric Research
(NCAR) community climate model (CCM) as the model
of choice for studying paleoclimates. Today climate
models are capable of examining the full climate system
(atmosphere, ocean, cryosphere, biosphere, ocean) with
paleoclimate modelers examining past climates and also
attempting to simulate the last 500 years. If these sim-
ulations agree with the observed proxy record, then it

may be possible to bracket the natural climate variabil-
ity prior to the industrial revolution in climate mod-
els. Moreover, these types of simulation allow for the
analysis of interannual to centennial variability. Con-
sequently, the ability to correctly simulate past cli-
mates can only increase our confidence in simulating
future climate change caused by anthropogenic green-
house forcing.

A71H-04 1105h

Ocean and Sea Ice Components of
NCAR Climate Models, 1975-2000

Albert J Semtner (1-831-656-3267;
sbert@nps.navy.mil)

Naval Postgraduate School, Oceanography Depart-
ment 833 Dyer Road, Monterey, CA 93940, United
States

This talk covers the evolution of the ocean and
sea-ice components in climate models developed at the
National Center for Atmospheric Research under the
leadership of Warren Washington over the years 1975-
2000. The oceanic component has always been a dy-
namic/thermodynamic model as formulated originally
by Bryan and Cox at NOAA’s Geophysical Fluid Dy-
namics Laboratory. It was brought from UCLA in
newly vectorized form by Semtner in 1976, adapted
for parallel vector processing by Chervin in 1988,
and improved on massively parallel machines by Los
Alamos investigators in the early 1990s. The ice
model started as Semtner’s streamlined thermodynam-
ics, based on Maykut/Untersteiner’s formulation and
tested for Arctic and Antarctic by Washington et al.
(1976); but in the 1990s, ice-dynamics formulations
were added based on Hibler’s viscous-plastic formula-
tion and a more parallel Los Alamos version with elastic
waves. NCAR’s first climate model experiments with
active ice and ocean were published by Washington et
al. (1980). Over the next 20 years, model physics
were improved and model resolution significantly re-
fined in order to more realistically represent climatic
states. By adopting the latest atmospheric component
of the separately developing Community Climate Sys-
tem Model (CCSM), Washington’s resulting Parallel
Climate Model was able to reproduce historical climate
records and project climate changes resulting from an-
thropogenic and natural causes, including the effects
of unforced variability. This was a result of carefully
planned and executed ensemble experiments conducted
by Dr. Washington’s research team and collaborators,
using the most advanced computers available for the ef-
fort. That effort continues today as part of the CCSM.

A71H-05 1120h

Solar and Greenhouse Gas Forcing and
Climate Response in the 20th Century

Gerald A. Meehl1 (303-497-1331;
meehl@ncar.ucar.edu)

Warren M. Washington1 (303-497-1321;
wmw@ncar.ucar.edu)

T. M.L. Wigley1 (wigley@ncar.ucar.edu)

Julie M. Arblaster1 (jma@ncar.ucar.edu)

Aiguo Dai1 (adai@ncar.ucar.edu)
1National Center for Atmospheric Research, PO Box

3000, Boulder, CO 80307, United States

Ensemble experiments with a global coupled cli-
mate model are performed for the 20th century with
time evolving observed solar, greenhouse gas, sulfate
aerosol (direct effect), and ozone (tropospheric and
stratospheric) forcing. Observed global warming in the
20th century occurred in two distinct periods, one in
the early 20th century from about 1900 until the mid-
1940s, and one later in the century from the 1960s to
2000. Of interest here is the transient climate system
response in these two periods when the nature of the
forcing was fundamentally different. This difference is
manifested by the fact that solar forcing is more spa-
tially heterogeneous (i.e. acting most strongly in areas
where sunlight reaches the surface) while greenhouse
gas forcing is more spatially uniform. Consequently,
solar forcing is subject to feedbacks involving temper-
ature gradient-driven circulation regimes that can al-
ter clouds. Over relatively cloud-free oceanic regions
in the subtropics, the enhanced solar forcing produces
greater evaporation. More moisture then converges into
the precipitation convergence zones, intensifying the re-
gional monsoon, Hadley, and Walker circulations, caus-
ing less clouds over the subtropical ocean regions, and
even more solar input. Since the greenhouse gases are
more spatially uniform, such regional circulation feed-
backs are not as strong. Coupled regional responses are
most evident when the solar forcing occurs in concert
with increased greenhouse gas forcing of about the same
magnitude. Additionally, the increases in the tropical
precipitation regimes for early century solar-residual
are greater than the late 20th century GHG+sulfates
(by a factor of two to nearly an order of magnitude) in

the West African and Asian monsoon regions (the lat-
ter qualitatively consistent with observed trends in All-
India rainfall), the tropical Pacific, and in the southern
ocean tropical convergence zones.

A71H-06 1135h INVITED

The Asian Brown Cloud

V. Ramanathan1 (858-534-8815;
vram@fiji.ucsd.edu)

J. T Kiehl2 (kiehl@fiji.ucsd.edu)

W. M Washington2 (washington@fiji.ucsd.edu)
1Scripps Institution of Oceanography, 2800 Gillman

Drive, La Jolla, CA 92093, United States

2National Center for Atmospheric Research, 2000 Ta-
ble Mesa Drive, Boulder, CO 32303, United States

The Indian Ocean Experiment discovered a wide
spread anthropogenic haze over the south Asian region
and the northern Indian ocean. It is now recognized
that this south Asian haze is really a part of a larger
scale phenomenon involving most of the Asian conti-
nent. The affected region is densely populated with
over 50% of the worlds population, monsoon climate,
impressive industrialization and high levels of pollu-
tion. INDOEX data revealed that black carbon and
dust in the haze enhances atmospheric solar heating
by 50% to 100% in the lower troposphere and reduces
the solar energy absorbed by the surface by as much as
10%. These changes are about an order of magnitude
larger than the radiative changes due to the increase in
greenhouse gases.

After describing the nature and extent of the haze
as well as the sources that contribute to it, we will show
coupled ocean-atmosphere model simulations of the im-
pact of the Asian Brown Cloud on regional and global
climate. The most important insights we get from the
model simulations thus far is that the haze may be con-
tributing significantly to the observed climate variabil-
ity of the recent decades, including the monsoon, El
Nino and extra-tropical climate variability.

A71H-07 1150h INVITED

Climate Change Doesn’t Just Happen

John B Drake (drakejb@ornl.gov)

Oak Ridge National Lab, POBox 2008, MS6367, Oak
Ridge, TN 37831-6367, United States

The simulation of climate change is based on the
use of global circulation models of the ocean and atmo-
sphere coupled with land, sea ice and chemistry mod-
els. The level of understanding of processes and forcing
involved with observed climate changes, and the abil-
ity to project future evolution and impacts is reflected
in the complexity and scope of models such as Warren
Washington’s Parallel Climate Model (PCM) and the
Community Climate System Model (CCSM2). Through
careful reconstruction of the historical climate forcing
it is possible to separate signal from noise and simulate
what has happened from 1870 to present as a result of
increased atmospheric greenhouse and aerosol loading.

That scientifically grounded coupled climate model
simulations are possible is a remarkable feat in itself,
a feat that did not just happen. A sustained, coor-
dinated effort of researchers from several institutions
has addressed the delicate balances of non-flux ad-
justed coupled components, the parallel decompositions
of modern computing platforms, the software engineer-
ing methodologies of model development, and the data
analysis challenges of ensembles of climate simulations.
The approaches taken to these challenges will be de-
scribed in this talk in relation to one of the key figures
in climate change.

A72A MCC: Hall D Sunday 1330h

Polar Air Chemistry: Past and
Present I Posters (joint with C, OS, GC,
PP)

Presiding: J E Dibb, University of New
Hampshire; N M Mahowald, National
Center for Atmospheric Research

A72A-0133 1330h POSTER

SNOW2002: NOx Production From
Nitrate-In-Ice Photolysis at Two pHs
and Comparison with NOx Levels
From Nitrite-In-Ice Photolysis

Matthew Peterson1,2 (mpeters@mtu.edu)
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Jack Dibb3 (jack.dibb@unh.edu)
1Michigan Technological University, Civil and Envi-

ronmental Engineering, Houghton, MI 49931
2DeTour Area Schools, Math Department, DeTour,

MI 49725
3University of New Hampshire, Institute for the Study

of Earth, Oceans, and Space, Durham, NH 03824-
3525
We conducted experiments using artificial snow,

synthetic air, and sunlight during January, 2002 (the
SNOW2002 study) in order to test the influence of neu-
tral and basic pH on the amount of NO, NO2, and NOx
emitted from artificial snow during nitrate photolysis.
We also conducted the first tests demonstrating that il-
lumination of consolidated, sub-millimeter diameter ice
particles (e.g., artificial snow) doped with nitrite pro-
duces NOx, confirming that nitrite photolysis occurs
in ice and snow. Innovations in NOx instrument de-
sign were also implemented in order to estimate gaseous
HONO levels using UV lamp photolysis. Nitrate was in-
troduced into solution as sodium nitrate, pH was con-
trolled using sodium hydroxide. Artificial snow parti-
cles were formed by spraying tiny water droplets down
into a tall (3 meter) column chilled by a pool of liquid
nitrogen at the column base. Although this method
of creating artificial snow results in snow that is cer-
tainly different than natural snow, the tiny ice parti-
cles formed are powdery and sinter quickly. This arti-
ficial snow is relatively easy to make and is well suited
for determining whether photolysis of nitrate or nitrite
is occurring, and whether changes occur at various pH
levels.

The amounts of NO and NO2 produced by nitrate
ion photolysis in aqueous solution depends on pH such
that NO production is greatly enhanced in basic solu-
tions. Our preliminary results indicate that the pH of
the solutions used to make artificial snow does not ef-
fect the levels or partitioning of NOx produced from
nitrate-in-ice photolysis. This result suggests that
aqueous photochemical analogs of nitrate photolysis
may not apply to nitrate-in-ice photochemistry and
that more experiments are needed in order to under-
stand nitrate-in-ice photochemistry.

Experiments exploring nitrite-in-ice photolysis
demonstrate that there is one to two orders of mag-
nitude more NOx produced by nitrite photolysis than
by nitrate photolysis at equivalent conditions and ion
concentrations. This is consistent with the convolution
of the wavelength-dependent absorption cross sections
of nitrate and nitrite with insolation which indicates
that, for equal quantum yields, nitrite is about forty
times more likely to photolyze than nitrate. Because
nitrite is formed from nitrate photolysis and nitrate
may be formed from reactions involving nitrite, nitrate
and nitrite levels are not independent in ice (based on
analogy with aqueous chemistry). Thus, NOx emitted
from illuminated snow, even snow which initially only
contains nitrate, probably results from both nitrate
and nitrite photolysis. Photochemically-driven inter-
conversion of nitrate and nitrite in ice, and the ensuing
NOx and HONO production are only beginning to be
understood. This poster will describe the SNOW2002
experiments.

Acknowledgements: NSF OPP, Dr. Richard Hon-
rath, Mike Dziobak, DeTour Area Math Students

A72A-0134 1330h POSTER

Interaction of Trace gas Species of
Atmospheric Interest With ice:
Measurement of the Adsorption
Enthalpy of Acetone on ice

Thorsten Bartels-Rausch1 ((41) 56 310 4397;
thorsten.bartels-rausch@psi.ch)

Christophe Guimbaud1 ((41) 56 310 4019;
christophe.guimbaud@psi.ch)

Heinz Gaggeler1 ((41) 56 310 2404;
heinz.gaeggeler@psi.ch)

Markus Ammann1 ((41) 56 310 4049;
markus.ammann@psi.ch)

1PSI, Paul Scherrer Institute, Villigen, ARG 5232,
Switzerland
Ice provides an important substrate for hetero-

geneous chemistry in the stratosphere, the upper
troposphere, but also in the cold regions of the plan-
etary boundary layer. Thus, we started to investigate
the interaction of trace gases of atmospheric interest
(acetone) with ice.
In the upper troposphere, the photolysis of acetone is
the main source of HOX , dominating the one from the
reaction of O(1D) + H2O (Jaegle et al., 2001). Source
and sinks of acetone need to be quantified to simulate
the concentration of the main atmospheric oxidant
(HOX ). Ice cirrus clouds are suggested to be one
of the acetone sinks. Thus, the adsorption enthalpy
of acetone on ice needs to be investigated because it
determines the mixing ratio of acetone between the
gas and the particulate phase and the chemistry of the
upper troposphere.
In this paper, the chromatographic method applied for
the measurement of the adsorption enthalpy of acetone
on ice is described. This method uses a chromato-
graphic ice-packed column similar to the one described

by Bartels et al. (2002) and is combined with Proton
Transfer Reaction Mass Spectrometry (PTR-MS) for
the monitoring of the acetone concentration in the gas
phase.
Preliminary results show that the measured standard
adsorption enthalpy obtained with a column packed
with ice spheres, i.e. (-54±8) kJ mol−1, and with a
column packed with a snow sample, i.e. (-56±3) kJ
mol−1, are similar and in agreement with the ones
derived by Winkler et al. (2002) and from Domine and
Hanot (2002), using a low pressure ice coated wall flow
tube reactor and a volumetric method, respectively.
More investigations are scheduled in the near future
using different ice surfaces (ice crystals, fresh snow).
We briefly address the atmospheric implication of this
study as well as the perspective of the chromatographic
& APCI-MS system to investigate other processes of
atmospheric interest.

References

Bartels, T., B. Eichler, P. Zimmermann, H. W.
Gggeler, and M. Ammann, The adsorption of nitrogen
oxides on crystalline ice, Atmos. Chem. Phys. Discuss., 2,
431-468, 2002.

Domine, F., L. Hanot, Adsorption isotherms of
acetone on ice between 193 and 213K, Geophys. Res.
Lett., in press, 2002.
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Wennberg, Chemistry of HOX radicals in the upper
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A72A-0135 1330h POSTER

Sources and Mobility of Nitrates in
European High Arctic Snow

Harry J. Beine1 (harry@iia.mlib.cnr.it); Florent

Dominé2; Antonietta Ianniello1; Marianna
Nardino3; Ivo Allegrini1; Kimmo Teinilä4; Risto
Hillamo4

1C.N.R. Institute for Atmospheric Pollution (IIA),
Via Salaria Km 29,3 CP 10, Monterotondo Scalo (
00016, Italy

2CNRS - Laboratoire de Glaciologie et Geophysique
de l’Environnement (LGGE) , BP 96 , 54 rue
Moliére, Saint Martin d’Heres 38402, France

3C.N.R. Institute of Atmospheric Sciences and Cli-
mate (ISAC) , Via Gobetti 101, Bologna 40129,
Italy

4Finnish Meteorological Institute - Air Quality Re-
search , Sahajankatu 20E, Helsinki 00880, Finland

Measurements of atmospheric and snow mixing ra-
tios of nitrates and nitrites and their fluxes above
the snow surface were made during two intensive cam-
paigns during spring time 2001 in the high Arctic at
Ny-Ålesund, Svalbard as part of the EU project ”The
NItrogen Cycle and Effects on the oxidation of atmo-
spheric trace species at high latitudes” (NICE).

Of the measured nitrogen species only HNO3
showed a significant flux above the snow surface, a
mean deposition of 8.7 nmol h−1m−2 was observed in
late April / early May 2001. During snowfall periods
dry deposition of HNO3 may contribute up to 10% of
the N budget in the snow; however, the main source for
N is wet deposition in falling snow.

The surface snow at Ny-Ålesund showed very com-
plex stratigraphy; the NO3

− mixing ratio in snow var-

ied between 65 and 520 ng g−1, the total NO3
− con-

tent of the snowpack was on the order of 2700 ng cm−2.
In comparison the atmospheric boundary layer column
showed a NO3

− content of only 8 ng cm−2. The lim-
ited exchange, however, between the snow and the at-
mosphere was attributed to low mobility of NO3

− in
the observed snow.

A72A-0136 1330h POSTER

Simulations of Peroxyacetyl Nitrate
(PAN) Photochemistry in the Arctic
Surface Layer

Terra M Dassau1 (tdassau1@purdue.edu)

Kevin M Ford1

Paul B Shepson1 (pshepson@purdue.edu)

Jan W Bottenheim2 (Jan.Bottenheim@ec.gc.ca)
1Purdue University, Department of Chemistry 1393

Brown Building, W. Lafayette, IN 47907, United
States

2Meteorological Service of Canada, 4905 Dufferin
Street, Toronto, ON M3H ST4, Canada

Peroxyacetyl nitrate (PAN) is a reservoir compound
of NOx that has the ability to transport NOx to
remote environments, allowing for NOx photochem-
istry and/or deposition of nitrogen to these clean loca-
tions. Measurements of PAN have been made at Alert,
Nunavut and Summit, Greenland aimed at understand-
ing the nitrogen budget at each site. These measure-
ments show concentrations of PAN that are only slowly
varying, even during ozone depletion events at sun-
rise. However, calculations of [PAN], using its primary
sources and sinks, indicate a dramatic production rate
for PAN when the surface is sunlit. This is inconsistent
with the measurement data, illustrating that we are
missing an important sink for atmospheric PAN above
snow-covered surfaces.

We performed a zero-dimensional model of PAN
photochemistry at Alert, Nunavut and Summit, Green-
land, which simulated the known gas-phase chemistry
of each region, to discern the predicted PAN behavior
in each environment. We then adjusted the model sinks
to simulate the ambient PAN data, in order to deter-
mine the magnitude of the missing PAN sink.

Ambient data from Alert, Nunavut (1998 and 2000),
and Summit, Greenland (1999) will be presented, as
well as the original model simulations based upon the
known gas-phase chemistry of each environment. In ad-
dition, we will discuss the magnitude of the missing
sink, and the potential for PAN interaction with the
snowpack.

A72A-0137 1330h POSTER

A history of C2-C4 NMHC and related
compounds in the atmosphere from
firn air cores in the Northern and
Southern Hemispheres

Verity Stroud1 (303-497-1409; fridd@ucar.edu);
Elliot Atlas1 (303-497-1425; atlas@ucar.edu);
Kristen Johnson1

(Kristen.Johnson@colorado.edu); William
Sturges2 (W.Sturges@uea.ac.uk); Jerome
Chappellaz3 (jerome@lgge.obs.ujf-grenoble.fr);
Jakob Schwander4 (schwander@climate.unibe.ch);
James Butler5 (James.H.Butler@noaa.gov); Rob
Mulvaney6 (R.Mulvaney@bas.ac.uk); Aaron
Swanson7 (aswanson@ea.oac.uci.edu); Donald
Blake7 (dblake@orion.oac.uci.edu)

1National Center for Atmospheric Research , Atmo-
spheric Chemistry Division, Boulder, CO 80307,
United States

2University of East Anglia, School of Environmental
Sciences, Norwich NR4 7TJ, United Kingdom

3Lab. Glaciologie et Geophysique de l’Environment,
54, rue Molire, St. Martin d’Heres 38402, France

4University of Bern, Climate and Environmental
Physics, Bern CH-3012, Switzerland

5NOAA Climate Monitoring and Diagnostics Labo-
ratory, 325 Broadway, Boulder, CO 80305, United
States

6British Antarctic Survey, High Cross Madingley Rd,
Cambridge CB3 0ET, United Kingdom

7University of California at Irvine, Dept. of Chem-
istry, Irvine, CA 92697, United States

Firn air samples were collected at sites in both the
northern and southern polar regions for the analysis of
a wide range of trace gases. Here we report on concen-
trations levels and recent trends in light non-methane
hydrocarbons (C2-C4) and selected organic nitrate and
halocarbon gases in these core samples. Sites in the
Northern Hemisphere included Devon Island (Canada)
and North Greenland (NGRIP). Southern Hemisphere
sites included South Pole, Dome C, and Dronning Maud
Land. Sites in the different hemispheres suggest in-
creases in atmospheric NMHC up to the mid 1970’s or
early 1980’s, followed by a slow decline. Alkyl nitrate
distributions tended to follow the trends observed in
parent hydrocarbons, with the exception of anomalous
increases of methyl and ethyl nitrate with increasing
depth in the northern hemisphere cores. The source of
the anomalous alkyl nitrate increases (and some related
halocarbon increases) has not been determined. Trends
in NMHC will also be compared to trends in selected
halocarbons (solvents, HCFCs, etc.) to evaluate sim-
ilarities and differences in sources and emissions over
the time periods of the twentieth century represented
by the different firn air cores.

A72A-0138 1330h POSTER

Surface Area and Microphysics of the
Arctic and Alpine Snowpacks, and
Their Role in Air-Snow Interactions

Florent Domine1 (+(33) 476 82 42 69;
florent@lgge.obs.ujf-grenoble.fr)
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1Laboratoire de Glaciologie et Geophysique de
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d’Heres 38402, France

2CNR, IIA, Via salaria, Km 29.3, CP 10, Montero-
tondo, Rom 00016, Italy

It is now clear that the snowpack and the lower tro-
posphere can exchange large amounts of reactive trace
gases that considerably modify both snow and air com-
positions. Quantifying these exchanges in coupled air-
snow models is at present uncertain because all the
physical and chemical processes involved have not been
identified or quantified.

The snowpack can be viewed as a multiphase reac-
tor through which air circulates, leading to the adsorp-
tion/desorption of gases, heterogeneous photochemical
reactions, and to solid state processes such as diffusion
into ice crystals. To contribute to the quantification
of these processes, we have studied the stratification of
the snowpack in the Canadian Arctic, in Svalbard, and
in the Alps. We have also measured physical parame-
ters of each observed snow layers, such as density and
specific surface area.

Our results indicate that the total surface area of
the snowpack ranges from 1000 m2 of snow per m2 of
ground in the Arctic in winter, to 30,000 m2/m2 in the
Alps in the spring. These large values can lead to sig-
nificant surface uptake of trace gases, even for species
that adsorb weakly to ice surfaces. These surfaces can
also lead to elevated rates of heterogeneous reactions.

The snowpack physical and chemical activity, al-
though potentially very high, can be considerably re-
duced by low snow permeability or by the presence of
impermeable ice layers. Thus, we suggest that high
snow accumulation rates, as observed in temperate ar-
eas such as the Alps and Svalbard, although they lead
to high snowpack surface area, may have their activity
severely limited by their structure. Cold snowpacks, on
the other hand, have a structure that facilitates inter-
actions with the atmosphere.

A72A-0139 1330h POSTER

Eastern-Asian Sources of Dust
Deposited in Northern Greenland at
Present

Aloys J-M Bory1 (bory@ldeo.columbia.edu)

Pierre E Biscaye1

Francis E Grousset2

1Lamont-Doherty Earth Observatory, 61 Route 9W,
Palisades, NY 10964, United States

2Laboratoire de Géologie et Océanographie, Univer-
sité Bordeaux 1, Avenue des Facultés, Talence
33405, France

Recent studies of mineral dust aerosols extracted
from snow deposited over the last decade at the North-
GRIP, Greenland, ice camp (75.1◦N, 042.3◦W), have
confirmed the eastern Asian source for Greenland dust
and extended it to the present day. Previous studies,
carried out on ice-core dust, had established this Asian
provenance for the last glacial period.

Snow-pit studies have shown that the provenance of
the dust appears to vary seasonally, and that the source
of the dust during the major spring deposition period
is the Takla Makan desert of northwest China. These
results were obtained using mineralogical and isotopic
(Sr and Nd) composition of the dust, which was com-
pared with the composition of small particles capable
of long-range transport in potential source areas (PSA)
for Greenland dust.

Here we present an extensive collection of new PSA
samples from China and Mongolia which permit pin-
pointing the other Asian source(s) likely to contribute
to the dust deposited in northern Greenland, especially
in the low-dust autumn season.

These results will provide new constraints on atmo-
spheric dust-transport models, and will help to better
interpret dust compositional variability of ancient ice-
core samples.

A72A-0140 1330h POSTER

Preliminary Results on Aerosol
Composition at Terra Nova Bay and
Dome C (Antarctica) and Evidences
of Superficial Snow Post-depositional
Effects

Roberto Udisti1 (0039-055-4573252; udisti
udisti@unifi.it); Silvia Becagli1; Silvia Benassai1;
Emiliano Castellano1; Ilaria Fattori1; Alessio
Migliori1; Rita Traversi1

1Dept. of Chemistry, Florence University, Via della
Lastruccia, 3, Sesto Fiorentino, FI 50019, Italy

More than 200 aerosol samples were collected on two
dimensional classes (micrometric and sub-micrometric
fraction) during the last 3 Italian Antarctic Campaigns
on coastal (Terra Nova Bay Ross Sea) and inland
(Dome C) Antarctic areas. The sampling was per-
formed by low-volume aspiration pumps using a sand-
wich of polycarbonate membrane filters having differ-
ent porosity. Filters were analysed by Ion Chromatog-
raphy for inorganic anions, cations and methanesul-
phonic acid (MSA). Contemporaneously with aerosol
sampling, recent snowfalls, superficial snow and snow-
pit samples were collected. At Dome C, three dif-
ferent snowpits (2.5-7 m deep) were sampled together
with very superficial snow crystals in order to corre-
late aerosol and superficial snow composition and to
point out post-depositional processes. The composi-
tion of fine and coarse fractions was found to be dif-
ferent in the two stations, the most coastal being char-
acterised by primary aerosol components (mainly sea
spray) and Dome C by secondary aerosol inputs, such
as non-sea salt sulphate and MSA from biogenic activ-
ity. The ionic balance shows a very important contri-
bution of free acidity (H+ and carbonate were not di-
rectly determined) especially in the fine fractions both
in coastal and plateau site. Very high aerosol acidity,
mainly at Dome C, prevents the reliable determination
of volatile acidic species, such as nitric and hydrochlo-
ric acid. These compounds and, to less extent, MSA,
show post-depositional effects in the uppermost super-
ficial layers at Dome C, where the low accumulation
rate (around 3.0 cm/yr) leads to the re-emission of their
acidic forms into the atmosphere. In particular, nitrate
is present at very high concentration (ppm) in the su-
perficial snow crystals but its concentration dramati-
cally decreases to very low constant values (few ppb) in
the first half-meter of snow deposition. The comparison
between aerosol and snow composition and the study of
post-depositional processes is necessary for the under-
standing of the atmosphere-snow interchange processes,
helping in the interpretation of paleo-data coming from
EPICA-Dome C ice core.

A72A-0141 1330h POSTER

Transformations of Nitrates and
Hydrogen Chloride in
Low-Temperature Ice Films

Janine Herring1

(janine.herring@chemistry.gatech.edu)

Alexandr Aleksandrov1

(aleks@chemistry.gatech.edu)

Thomas Orlando1

(thomas.orlando@chemistry.gatech.edu)
1School of Chemistry and Biochemistry, Georgia In-

stitute of Technology, 770 State St NW, Atlanta,
GA 30332, United States

Recent field and laboratory measurements have
demonstrated photochemical mediated production and
release of NOx from snow in Earths polar regions. HCl
can also play a role in polar ozone chemistry and is used
as a tracer for interpretation of ice core data. Thus, we
have initiated laboratory studies on the i.) nonthermal
transformation of nitrates on or within ice films and ii.)
uptake and autoionization of HCl on low temperature
ice surfaces. In particular, we utilize state-of-the-art
ultrahigh vacuum surface science techniques that are
coupled to sensitive laser ionization detection schemes,
time-of-flight mass spectrometry, and infrared reflec-
tion techniques. This approach allows control of the
ice composition and structure and simultaneous moni-
toring of the desorbing and trapped products. A discus-
sion of the electronic structure and dissociation dynam-
ics of NaNO3, pristine ice and HCl containing ice will
be discussed. In the latter case, electron-stimulated
desorption of cluster ions is shown to be a very useful
probe of the uptake and auto-ionization of HCl on low-
temperature ice surfaces. Preliminary results on the
temperature and wavelength dependent photochemistry
of nitrates adsorbed on the surfaces of amorphous and
crystalline ice and within dilute frozen nitrate aerosols
will also be presented.
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We sampled the snow pack during a 1000 km tran-
sect from Nome to Barrow in northwestern Alaska. The
route crossed the Brooks Range, a mountain belt that
stretches west to east across Alaska. Snow samples were
taken from 20 sites along the transect. At each site
the bottom, middle and top of the snow pack, repre-
senting early, middle and late winter snow conditions,
were sampled. Ultraclean field and laboratory proce-
dures were used. Specific conductance, pH and major
element concentrations were measured from the three
snow stratigraphies at all sites. A suite of 30 trace el-
ements was measured from snow samples taken at five
of the sites. The results indicate very low trace metal
concentrations with Hg, Cd, Pb, and Ni values in the
low part per trillion range for all samples. These low
concentrations are within the range of those reported
from Greenland snow but are an order of magnitude
lower than values reported from northeastern Europe
and northern Russia. Despite the low trace metal val-
ues, concentrations of Arctic haze constituents Cd, Pb

and non-sea salt SO2−
4 were significantly higher in late

winter snow than in snow that fell earlier in the winter.
These elevated trace metal concentrations are consis-
tent with increased aerosol loading due to southward
expansion of the arctic polar front during the late win-
ter. Surprisingly, trace metal concentrations were as
high south of the Brooks Range as they were to the
north, suggesting the Brooks Range is not an effec-
tive orographic barrier to aerosol transport. Results
from this study indicate that the deposition of major
and trace elements in snow evolves throughout the arc-
tic Alaskan winter but appears to be spatially homoge-
neous.
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A better knowledge of PSC composition and for-
mation mechanisms is important to better understand
and predict stratospheric ozone depletion. Several past
studies have attempted to compare modeling results
with satellite observations. These comparisons have
concentrated on case studies. In this paper we adopt
a statistical approach. POAM PSC observations from
several Arctic winters are categorized into Type Ia
and Ib PSCs using a technique based on Strawa et al.
[2002]. The discrimination technique has been modified
to employ the wavelengths dependence of the extinc-
tion signal at all wavelengths rather than only at 603
and 1018 nm. Winter-long simulations for the 1999-
2000 Arctic winter have been made using the IMPACT
model. These simulations have been constrained by air-
craft observations made during the SOLVE/THESEO
2000 campaign. A complete set of winter-long simu-
lations was run for several different micro-physical and
PSC formation scenarios. The simulations give us ideal
knowledge of PSC type (Ia, Ib, or II), composition,
especially condensed phase HNO3 which is important
for denitrification, and condensed phase H2O. Compar-
isons are made between the simulation and observation
of PSC extinction at 1018 nm versus wavelength de-
pendence, winter-long percentages of Ia and Ib occur-
rence, and temporal and altitude trends of the PSCs.
These comparisons allow us to determine how well var-
ious modeling scenarios predict POAM observations.
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During the 1990s, Arctic stratospheric temperatures
were lower and the breakup of the Arctic vortex oc-
curred later than has been observed in earlier decades.
These cold winters have been followed by significant
ozone loss. Clear identification of all the processes in-
volved in springtime Arctic ozone depletion is compli-
cated by the strong coupling between transport, forma-
tion of solid and liquid aerosols, and halogen activation.
One of the key chemical species in the photochemistry
of ozone is NO2. As the role of NO2 is strongly depen-
dent on altitude, it is desirable to know not only the
NO2 total column, but also its vertical distribution.
We have a portable UV-visible grating spectrometer
that was deployed at Eureka, Canada (80.1N, 86.4W)
in spring 1999, 2000, and 2001. Eureka is part of the
Arctic primary station of the Network for the Detec-
tion of Stratospheric Change. Among other species, the
spectrometer measures stratospheric NO2 through ob-
servation of sunlight scattered from the zenith sky dur-
ing twilight. Due to the scattering geometry, the NO2
slant column increases with solar zenith angle (SZA),
making it possible to retrieve information about the
vertical distribution of NO2 from the observed slant
column variation with SZA. In this paper, we use the
optimal estimation technique with a formal character-
ization of the errors to retrieve NO2 altitude profiles
from slant column observations made at Eureka during
March and April. Such measurements can be used in
the validation of NO2 profile measurements made by
satellite instruments.
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The photodecomposition of nitrate generates hy-
droxyl radical (OH) and NOx, thereby altering the
chemical composition of the snowpack as well as the
overlying atmospheric boundary layer. Nitrate photol-
ysis in aqueous solutions has been extensively studied
and proceeds via two pathways:

NO3
− + hν (+ H+) → NO2 + OH (1)

NO3
− + hν → NO2

− + O (3P) (2)
The photochemical behavior of nitrate in ice and snow
remains an open issue. Dubowski et al. determined the
quantum yield of reaction (1) on ice by measuring the
release of NO2, but suggested that their values might
be lower bounds because of incomplete recoveries.

In this study we measured the quantum yield for re-
action (1) by following the formation of OH in frozen
aqueous nitrate solutions illuminated at 313 nm. Ini-
tial experiments showed that the quantum yield for OH
(ΦOH ) at 263 K was independent of nitrate concentra-
tion for all values examined (40 - 3000 µM). However,
ΦOH was dependent upon pH, increasing from 0.0022
at pH 2.0 to 0.0034 at pH 7.0, where the listed pH val-
ues are those of the bulk solution prior to freezing. The
temperature dependence of ΦOH was studied for both
ice pellets and aqueous solutions in the temperature
range of 239 - 318 K. ΦOH increased monotonically
with temperature and the slopes and y-intercepts of
ln(ΦOH ) vs. 1/T for the ice pellets and aqueous solu-
tions were very similar. The similarity of these regres-
sions suggests that the photolysis of nitrate in the ice
occurs in a ”quasi-liquid” layer. Our quantum yields
at pH 5.0 for OH were 0.0034 at 263 K and 0.0021 at
243 K; these values are 3 and 8 times higher, respec-
tively, than the ΦNO2 values reported by Dubowski et
al. Furthermore, our ice results are approximately 30 -
40% lower than quantum yields estimated by extrapola-
tion of the room temperature data of Zellner et al. The
implications of our results for snowpack and boundary
layer chemistry will be discussed.
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Methyl chloride (CH3Cl) mixing ratios were mea-
sured in preindustrial air extracted from a shallow ice
core from Siple Dome, West Antarctica. Ice core sam-
ples were shredded under vacuum and the extracted
air was analyzed by gas chromatography with mass
spectrometric detection. The samples range in depth
from 57 m to 83 m and the gas ages assigned to them
span the calendar years 1690 to 1915 AD. The mean
CH3Cl mixing ratio in 22 samples is 499±28 pptv. The
data exhibit two full cycles of a 100-year oscillation
with an amplitude of approximately 60 pptv, suggesting
that there is periodic natural variability in atmospheric
CH3Cl. The origin of this variability is unknown. As-
suming that this oscillation in atmospheric CH3Cl per-
sisted during the last century, the ice core results sug-
gest that the present day natural levels would be 470-
480 pptv. Compared with the modern mean value of
530 pptv over Antarctica, these results suggest that the
current anthropogenic impact on the atmospheric bur-
den is roughly 10%. Such an extrapolation of the ice
core data also implies that there may be a 10% increase
in the atmospheric CH3Cl levels over the next 50 years
due to this natural variability.
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The ozonesonde launches for SOLVE were coordi-
nated as part of the MATCH campaign. Using forecast
winds and a trajectory code, the MATCH team ini-
tialized trajectories at the locations of the ozonesonde
launch and predicted air parcel locations over succeed-
ing days. Those predictions were used to trigger sub-
sequent sonde launches so that air parcels are sampled
repeatedly. We apply the GSFC trajectory model in
a diabatic transport mode driven by winds from the
U.K. Meteorological Office to simulate MATCH tech-
nique and to derive ozone loss rates in the lower strato-
sphere during the SOLVE mission, January - March
2000. However, we use a new approach for estimating
the uncertainty associated with the ozone loss calcu-
lations. By matching the entire profile in 20K poten-
tial temperature layers and deriving estimates of the
probability of a match from the number of matches
and the duration over which advected parcels satisfy
match coincidence critera, we develop a more compre-
hensive estimate of the errors associated with the ozone
loss rates. We compare our results for SOLVE with
those produced by the “continuous injection method”
of Schoeberl et al. [2002] and with those found by Rex
et al. [2002].
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Concentrations of chemical species preserved in the

ice core record can provide a proxy record of pa-
leoatmospheric concentrations and oxidation capac-
ity. Through transfer function modeling these proxy
records may be used to validate climate change mod-
els, atmospheric photochemical models, and separate

anthropogenic climate forcing from natural variability.
Understanding the nonlinear relationship between con-
centrations in the atmosphere, snow, firn and ice is crit-
ical if the ice core proxy record is to be useful for val-
idating atmospheric photochemical models or further
developing the records into indices for climate dynam-
ics.

Toward understanding the transfer function model
for HNO3, snow pits were excavated during the spring
of 1998 following a winterover measurement period at
Summit, Greenland. Firn profiles of HNO3 from 10
snow pits collected demonstrate the importance of ac-
cumulation timing on the preservation of HNO3. Using
a time series of HNO3 surface snow concentration and
accumulation collected during the 1997-1998 winterover
the firn profiles are re-created and compared with sam-
pled measurements. Results indicate that prior to the
summer season, accumulation timing is an important
parameter in the preservation of the species. HNO3
concentrations in the snow pits have a maximum of 12
µM and a mean of 2.6 (SD: 0.05) µM. Concentrations
in the surface snow ranged from 1 to 19 µM with a
mean of 2.7 (SD: 0.3) µM. The spatial variability of
preserved HNO3 as it is related to accumulation is also
demonstrated. Additionally, physically-based transfer
function modeling is being conducted to further under-
stand post-depositional processes.
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Within the EPICA project (European Project for
Ice Coring in Antarctica) an aerosol sampling program
was started in the austral summer season 1999/2000 at
the new deep drilling location in Dronning Maud Land
(75◦S, 0◦E, 2892 m asl), Amundsenisen. Investigations
of the chemical composition and microphysical param-
eters of aerosols in both polar regions are of great in-
terest in order to gain a better insight into the related
natural biogeochemical cycles. Moreover, an improved
knowledge on aerosol properties and chemical compo-
sition in this region is needed for the interpretation of
trace component profiles retrieved from polar ice cores.
However, comprehensive aerosol measurements in cen-
tral Antarctica are sparse so far and available only for
the austral summer months. Up to now, we have con-
ducted 3 years of summer aerosol measurements cover-
ing the time period from early January to early/mid of
February of each year, including investigations of fresh
and daily surface snow. For the daily aerosol sampling
a teflon/nylon filter combination was used to collect
the particulate and the gaseous phase separately. For
that purpose denuder samplings were performed in two
of the three campaigns as well. Major ionic compo-
nents (MSA, sulfate, chloride, nitrate and sodium) of
aerosol and snow were analysed by means of ion chro-
matography. Although this contribution focuses on the
major ionic composition of Antarctic summer aerosol
and its relationship to fresh and deposited surface snow
sun photometer measurements were performed in ad-
dition in the last campaign to get information on the
aerosol optical depth. Simultaneous measurements at
Neumayer Base (71◦S, 8◦E, 42 m asl) provided infor-
mation on the lower tropospheric aerosol loading.
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Concentrations for sea salt and dust derived ions
measured on Greenland ice cores reflect conditions for
wind driven long-range transport of aerosol a the time
of deposition onto the ice sheet.

A continuous record of ion-concentrations cover-
ing the climate history over the last glacial has been
measured on the North GRIP ice core. From this
record trends in ion composition have been derived and
are compared to the ion composition measured on the
GISP2 ice core in order to quantify changes in source
strength and transport efficiency.
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The high-southern latitudes are one of the last re-
gions of the globe where the sulfur cycle remains domi-
nated by its natural component. Moreover, a good un-
derstanding of the processes involved in dimethylsulfide
(DMS) oxidation is needed to interpret polar ice core
records of sulfate and methanesulfonic acid (MSA).
Both reasons motivated this modelling study of the sul-
fur cycle in Antarctica. For this purpose, the Antarc-
tic version (with high resolution and improved physics
in the high-southern latitudes) and the sulfur version
of the Laboratoire de Météorologie Dynamique Atmo-
spheric General Circulation Model (AGCM), LMD-ZT,
have been merged and used to study the seasonal cycle
of sulfur species. In a first step, the model results are
compared with available measurements of sulfur com-
pounds at high- and mid- southern latitudes. They are
realistic but some defects are identified (Cosme et al.,
Sulfur cycle in the high southern latitudes in the LMD-
ZT General Circulation Model, JGR, in press). In a
second step, the seasonal cycle of sulfur compounds at
an inland site (Dome Concordia) is presented and com-
pared to the analogous results at the coastal site Du-
mont d’Urville. This comparison suggests that the rela-
tive roles of each process of the sulfur cycle (emissions,
chemistry, transport) strongly differ from the coastal
site to the inland site. At last, an adjoint of the model
has been run to provide an inverse history of DMS,
sulfate and MSA observed at two Antarctic sites: Du-
mont d’Urville (coastal Antarctica) and Vostok (inland
Antarctica). For both sites, the origins of the sulfur
species (type of sources, age, and latitudinal origin)
are presented and discussed.
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In April 2000, a 60-meter ice core was drilled on
Lomonosovfonna, the highest elevation ice field on
Svalbard. The upper 38 meters, dating to about 1920,
were analyzed for 108 polychlorinated biphenyl con-
geners (PCB). The objective was to identify the his-
toric variability of congener patterns and concentra-
tion of PCB at Lomonosovfonna. PCB are known to
bioaccumulate to significant concentrations in Svalbard
wildlife to the extent that health of some organisms
may be threatened. Knowing the input history is vi-
tal to understanding how present conditions compare
to the past.

Total PCB concentration in surface snow (0 to 0.5
meter) at Lomonosovfonna in 2000 was 464 pg/L, 60%
of the highest concentration (777 pg/L) occurring in
about the 1960s, the peak production period for PCB.
The surface value was about two times greater than in
the layer below (0.5 to 1 meter; 229 pg/L). The surface
layer also had a greater amount of more volatile, lower
molecular mass (MM) PCB congeners than found in the
firn below it.

Most PCB found in sub-surface (> 1 meter)
Lomonosovfonna ice are from tetra-CB and penta-CB
homologues (about 30% of total PCB each) with about
15% of total PCB from hexa-CB. Surface samples
(<1 meter) contain more hexa-CB. PCB distribution
throughout the profile is dominated by 29 congeners
that comprise from 53% to 75% of total PCB, with less
in the top meter than in the deeper core. Among the 29
dominant congeners are 7 (and 4 co-eluting) that make
up about 25% of total PCB in the top meter and 33
to 40% in deeper layers of the core. These are PCB 49
(and 2 co-eluting PCB 43 + 37), 52, 95, 110, 118, 153
(and two co-eluting PCB, 132 + 105). Some of these
congeners are among the most persistent PCB and are
often found in other environmental matrices.

Our results show that PCB concentrations at
Lomonosovfonna are declining from peak periods and
that the congener distribution may be shifting away
from the 29 dominant congeners to include more high
MM PCB, particularly hexa-CB. Tetra and Penta-CB
remain the dominant homologues, a pattern not char-
acteristic of PCB in production or of gas-phase air sam-
ples. The net deposition of PCB to Lomonosovfonna
has apparently favored less volatile, higher MM com-
pounds distributed by the atmosphere to Svalbard.
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Canonical trace gas relationships that are estab-
lished in the middle latitude lower stratosphere are the
result of altitude-dependent photochemical decomposi-
tion of trace gases and horizontal transport and mixing
of the airmasses. It has been shown that these rela-
tionships change significantly in the Arctic vortex, and,
based on the estimates of mixing across the edge of the
vortex, these changes result mostly from the differential
descent (analogous to the original altitude distribution)
of air inside the vortex. The importance of studying the
altitude distribution of air comes from the fact that air
descending from very high altitudes is completely de-
prived of photolytic tracers and therefore should cause
rapid and dramatic changes to tracer-tracer correla-
tions in the lower stratosphere. The amount of de-
scended air and its ozone content, in turn, influences
the estimated flux of ozone-rich air across the edge of
the vortex, which affects the calculations of ozone loss
in the vortex. An earlier analysis using a simple inte-
gral model of the evolution of the midlatitude canon-
ical tracer relationships to the vortex ones indicated
that at 20 km in the vortex, about 70% of the air in an
air parcel originated at higher altitudes, 10% at lower
altitudes and only 20% at similar 20 km altitude. Pre-
vious analyses, however, bore an artifact caused by the
contribution of photolysis to the different midlatitude
tracer-tracer correlations. This study utilizes multiple
tracer correlations and a reverse approach to quantify
altitude distributions of air in the Arctic vortex air
parcels.
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Climatic and environmental records
from Altai glaciers, Siberia, recovered
from ice-cores and snow samples
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A depth/accumulation scale for the Altai glaciers,
Siberia, established based on δ18O and δD firn-ice
cores analysis. In sequences of annual layers in the
firn-ice cores recovered in 2001 and 2002, the mean
annual snow accumulation was found to be 800 mm
at 4115 m of the Belukha Snow-Firn Plateau. The
transfer function was developed using the seasonality
of accumulation layer profile with normalization of data
from the nearby meteorological station. The δ18O and
δD firn-ice core records compared with meteorological
data and indices of atmospheric circulation patterns
using regression analyses revealed a dominant source
of moisture from Atlantic Ocean during summer and
Pacific Ocean moisture during autumn. At the equal
air temperatures the most remote source of moisture
from Atlantic Ocean resulted in more negative values of
δ18O composition under the negative values of North
Atlantic Oscillation. Changes in the prevailing atmo-
spheric circulation patterns (e.g., NAO, WPO) over
the Altai Mountains are also reflected in the major
ions content in snow, firn and ice samples. The an-
thropogenic emission inventory for Altai glaciers devel-
oped using ice-cores and snow pits sulfate and nitrate
records.
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Effects of Ozone and Cloud Cover on
Surface Ultraviolet Radiation at High
Southern Latitudes
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For over twenty years, the high latitude ozone de-
pletion during austral springs and the increased surface
ultraviolet (UV) radiation have caused concern due to
the potential for negative biological and ecological ef-
fects. Since little long-term information on surface UV
is available, the capability of assessing these effects has
been limited. For a better understanding of the UV en-
vironment during springtime in the polar region, the
National Science Foundation (NSF) Ultraviolet (UV)
Monitoring Network was established in 1987 by the
NSF Office of Polar Programs. Four out of the six sites,
Ushuaia, Argentina (54◦49′S, 68◦19′W), Palmer Sta-
tion, Antarctica (64◦46′S, 64◦03′W), McMurdo Sta-
tion, Antarctica (77◦51′S, 166◦40′E), and South Pole
Station, Antarctica (90◦S), were at high southern lat-
itudes. With the data at these four sites for over a
decade (1990-2001), we were able to study the behavior
of surface UV radiation in the south polar region, in-
cluding the attenuation provided by total column ozone
and cloud cover. To specify the effect of ozone on sur-
face UV radiation, we used effective clear sky irradi-
ances that were estimated from the actual measure-
ments in a reference wavelength band from 342.5 to
347.5 nm throughout all years covered by the data. The
effects of cloud cover can be obtained by taking ratios
of measured UV irradiances to the corresponding effec-
tive clear sky values. We anticipate an upward trend
in the surface UV irradiance in response to changes in
total column ozone alone over the decadal time scale,
and occasional abnormally large and small values due
to the combined effects of variability in ozone and cloud
cover. The latter case can be demonstrated by the fact
that the monthly-integrated irradiance of UVB2 mea-
sured for October 1991 is actually 99.2% larger than
the smallest value that was observed in October 1990.
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Analysis of NO/NO2 Exchange and the
Evolution of ClO/ClONO2/NO2
During SOLVE

Frank N Keutsch1 (1-617-495-5922;
frank@huarp.harvard.edu)

Katherine K Perkins2

Eric J Lanzendorf3

James G Anderson1

1Harvard University, 12 Oxford Street, Cambridge,
MA 02138, United States

2NOAA Aeronomy Lab, 325 Broadway, Boulder, CO
80305, United States

3Intel, 3065 Bowers Avenue, Sant Clara, CA 95052,
United States
In situ measurements of NOx, Clx and ClONO2 in

the polar vortex during SOLVE are used to study the
ClO/ClONO2/NO2 subset and NO/NO2 exchange over
a very large dynamic range of ClO (75-1400 ppt). This
extremely large dynamic range of measurements over a
three month period together with a reanalysis of NO2
mixing ratios following post-flight lab calibration mea-
surements allowed us to study the above systems quan-
titatively. Observations of extremely low levels of NOx
within the vortex during the Arctic winter are reported
and the observations are used to test models designed
to calculate chlorine recovery. The measured NO2 val-
ues agree well with those calculated from NO using
a steady-state approximation. Analysis of ClONO2
calculated from NO2 using a steady-state approxima-
tion indicate that J[ClONO2 ]/kClO+NO2 is ca. 25% too
small. Gradual reemergence of NO2 and ClONO2 in
chemically processed air during the second phase of
SOLVE is consistent with photochemical production of
NO2 from reaction of OH with HNO3 and photolysis
of HNO3. Measurements of NO2, ClO, and ClONO2
are used to examine transport related increase of NO2
levels at the edge of the vortex.
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Temperature and Precipitation Trends
and Variability in Alaska Since 1950
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The northern hemisphere has experienced a gen-

eral warming trend in recent decades that is most pro-
nounced at high latitudes. For Alaska, the mean an-
nual temperature has increased approximately 1.4◦C
for the most recent climate normal (1971-2000). How-
ever, it is important to note that the increase is non-
linear and exhibits seasonal and spatial variability. In
this investigation, climate records for first-order ob-
serving stations in Alaska were examined for the pe-
riod 1950 to 2001. Spatial coverage is such that the
three climate regimes in the state (arctic, continental,
and maritime) are represented. Seasonal temperature
trends show that the greatest warming has occurred in
winter. Furthermore, the trend is greater for minimum
temperatures than maximum. Although most locations
show an increase in snowfall, there is also a coinci-
dent decrease in total annual precipitation, the former
largely due to an increase in autumn snowfall total.
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Regional Changes in Extreme Climatic
Events

Jason L. Bell1 (jbell@es.ucsc.edu)
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1University of California, Santa Cruz, Department of
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This study focuses on California as a climatically
complex region that is vulnerable to changes in water
supply and delivery. A regional climate model is em-
ployed to assess changes in the frequency and inten-
sity of extreme temperatures and precipitation. Signif-
icant increases in daily minimum and maximum tem-
peratures occur with a doubling of atmospheric carbon
dioxide concentration. Increases in daily temperatures
lead to increases in prolonged heat waves and length
of the growing season. Changes in total and extreme
precipitation vary by geographic region.

A72B-0159 1330h POSTER

Verification and Skills of a Multi Model
Ensemble Forecasting System Using a
Kernel based Numerical Weather
Prediction Model
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The quality of deterministic weather forecasts varies
significantly from day to day. The most significant er-
rors on a daily basis are often a factor 2 or 3 stronger
than the monthly averaged error. In regional climate
simulations it also has been shown that differences be-
tween the control and sensitivity simulation is not only
due to the initial conditions, but also due to the ap-
proximations in the model’s configuration. This points
to the use of an ensemble of forecasts each generated
with different model configurations. In this paper we
want to demonstrate, verify and quatify the skill of such
an approach to get a more constant and better fore-
cast quality for realtime and climatic applications. In
our system 50 ensemble members start from the same
large scale weather pattern taken from an analysis of a
global model. Each member differs from the other in
the choice of the numerical solution of the fast atmo-
spheric processes.
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A multianalysis ensemble of monthly integrations

was conducted to examine the response of the inter-
nal variability of a regional climate system model to
initial and lateral boundary conditions. This study
demonstrates that internal variability of the regional
model is sensitive to the uncertainties associated with
the global analyses and interpolation procedures used.
The former is a dominant source to contributions to
the model’s internal variability, but the latter is not
negligible. Simulated surface energy fluxes and precip-
itation display significant variability in response to the
differences between forcing datasets.
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Analysis of a long term Regional Model
Simulation
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The use of regional climate models in studying at-

mospheric dynamics is on the increase in southern
Africa, where the MM5 regional model has been used
for a range of experiments. Such work has led to the

start of a 15-year climatology simulation for the model
so that more accurate evaluation of the model can be
made. This paper will look at some of the results ob-
tained from this experiment.

The increasing use of model output necessitates a
deeper analysis of the data than is conventionally un-
dertaken. Therefore in addition to comparing time
averaged climatic fields from the model to observed
station data, the output has been compared to other
statistics such as total number of rain days, and in-
dices of wet and dry spell duration. Initial analysis of
one year of the long term simulation has shown that the
model produces a large positive rainfall anomaly along
the eastern escarpment of South Africa. Although pos-
itive rainfall anomalies are also present in the interior
of the region, these are not as high. The comparison
of the number of rain days above 20mm with those of
observed data show that although the model produces
more rain events, the magnitudes of these events are
not high enough to change the actual 80th percentile of
the model output drastically. This initial finding has
been encouraging and the analysis of the complete long
term simulation using these different statistics will be
useful in assessing the biases of the model as well as
the errors that exist in it. Such analysis will also be of
great relevance to the end users of model output.
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The need for high-resolution simulations of modern

and future climates has driven the use of regional cli-
mate models in recent years. Regional climate models
use a much higher horizontal resolution than global cli-
mate models, allowing more detailed investigations of
climate at scales of importance to a wider range of par-
ties. Here we explore the effects of increased horizontal
resolution on the simulation of climate over the West-
ern U. S. We performed three experiments of modern
day climate, using the same boundary conditions, at
three different horizontal resolutions, 20 km, 30 km,
and 40 km. We compared the experiments with ob-
servations of climate and with each other in order to
evaluate any improvement or lack of improvement in
using the higher resolution. Initial comparisons suggest
that a 20 km resolution produces more accurate snow
and precipitation results, with temperature results be-
ing more similar and accurate between the 20 and 30
km cases.
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Toward 10-km mesh global climate
simulations
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An atmospheric general circulation model (AGCM)
that runs very efficiently on the Earth Simulator (ES)
was developed. The ES is a gigantic vector-parallel
computer with the peak performance of 40 Tflops. The
AGCM, named AFES (AGCM for ES), was based on
the version 5.4.02 of an AGCM developed jointly by
the Center for Climate System Research, the Univer-
sity of Tokyo and the Japanese National Institute for
Environmental Sciences. The AFES was, however, to-
tally rewritten in FORTRAN90 and MPI while the orig-
inal AGCM was written in FORTRAN77 and not ca-
pable of parallel computing. The AFES achieved 26
Tflops (about 65 % of the peak performance of the ES)
at resolution of T1279L96 (10-km horizontal resolution
and 500-m vertical resolution in middle troposphere to
lower stratosphere).

Some results of 10- to 20-day global simulations will
be presented. At this moment, only short-term simula-
tions are possible due to data storage limitation. As ten
tera flops computing is achieved, peta byte data stor-
age are necessary to conduct climate-type simulations
at this super-high resolution global simulations. Some
possibilities for future research topics in global super-
high resolution climate simulations will be discussed.


