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Carbon monoxide influences the oxidizing capacity
of the troposphere as the major sink of OH radicals.
Thus it is very important to have an accurate estimate
of the CO budget of the atmosphere. CO is measured
from a variety of platforms. Surface concentrations are
measured on a regular basis at a number of stations
worldwide and other measurements are made by com-
mercial aircraft, and satellites. On the basis of these
measurements the general features of global CO distri-
bution have been established and it is well known, that
CO concentrations are higher in the northern hemi-
sphere than in the southern hemisphere. However, an-
other important source of CO is biomass burning, much
of which takes place in the southern tropics. In partic-
ular the seasonal biomass burning in Africa and South
America injects large plumes of CO into the atmosphere
which in turn affect tropospheric ozone concentrations.
Another very significant emission source is Indonesia,
where land-use conversion projects among other rea-
sons have resulted in large biomass burning in recent
years. In this work, we used total atmospheric column
measurements of carbon monoxide (CO) from the MO-
PITT (Measurement of Pollution in the Troposphere)
instrument to study the CO burden of the atmosphere.
The global budget of CO has been estimated from the
satellite measurements for the first time. The total
emission of CO is estimated to be 1900-2230 Tg/year
which is near the lower end of the previous estimates
from models and climate change assessment reports.
We assumed the reaction with OH to be the primary
sink of CO and neglected all others including surface
deposition. This sink is estimated to be 1890-2185 Tg,
which is also within the range estimated previously. In
addition we calculated CO emissions from a biomass
burning event in August-November, 2002 in Indonesia.
The emitted CO amount was estimated to be about 66
Tg, which is about half of the estimated emission from
the 1997 Indonesian fires.
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Validation of the MOPITT retrievals of carbon
monoxide (CO) has been performed with a varied set
of correlative data. These include in situ observations
from a regular program of aircraft observations at five
sites ranging from the Arctic to the tropical South Pa-
cific Ocean. These correlative measurements are a cru-
cial component of the validation of the retrieved CO

profiles and columns from MOPITT. The current vali-
dation results indicate good quantitative agreement be-
tween MOPITT and in situ profiles, with an average
bias less than 20 ppbv at all levels. The temporal sta-
bility of the validation results will be shown using com-
parisons with the aircraft in situ samples, as well as
surface measurements and ground-based spectroscopic
measurements.
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A high-resolution Fourier Transform InfraRed
(FTIR) spectrometer is the primary instrument at the
University of Toronto Atmospheric Observatory (TAO),
established in 2001. Continuous measurements of so-
lar absorption spectra using narrow band optical fil-
ters began in October 2001 for the purpose of build-
ing a long-term data set of key species related to cli-
mate change and mid-latitude atmospheric chemistry,
and for the validation of satellite instruments. Mea-
surements have greater temporal coverage in the sum-
mer and fall months due to favourable weather condi-
tions. Total columns and low-resolution vertical pro-
files of carbon monoxide have been derived from the
high-resolution (0.004 cm−1) solar absorption spectra
recorded at TAO using lines in the (1-0) transition re-
gion near 4.7 µm. Microwindows were chosen to ap-
proximately match Measurements of Pollution in the
Troposphere (MOPITT) averaging kernels and spec-
tra were analyzed using the SFIT-2 optimal estima-
tion method retrieval algorithm (developed at NASA
Langley Research Centre, USA, and National Insti-
tute for Water and Atmospheric Research (NIWA), New
Zealand.) Monochromatic transmittances were calcu-
lated in the forward model assuming a Voigt line shape
and using the HITRAN 2000+ spectral database, NCEP
temperature and pressure profiles as well as volume
mixing ratio a priori information for CO and interfer-
ing species. The averaging kernels of both observation
platforms have been considered in the analysis. Com-
parisons between ground-based solar absorption FTIR
and MOPITT total columns and vertical profiles will
be presented.
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Global measurements of CO from MOPITT offer an
opportunity to greatly enhance our present knowledge
of tropospheric chemistry, particularly in terms of bet-
ter constraining the temporal and spatial variability
of CO sources. We will present here results derived
from time-dependent synthesis inversions of regional
and sectoral sources of CO using MOPITT CO mea-
surements. Estimates of monthly CO emissions for the
first year of operation of MOPITT will be shown. We
highlight in particular the differences between recent
top-down and bottom-up estimates of Asian sources as
well as variations in the seasonal distribution of large-
scale biomass burning sources. In addition, we com-
pare time-dependent and time-independent inversion
estimates of CO sources.
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Three ice cores were taken at different elevations
on or near My Logan in the years 2001 and 2002. The
summit core (PRCol) comes from the summit plateau
( 5340 masl, length 187 m to bedrock , mean tempera-
ture -29 C ) and was done by the Geological Survey of
Canada. The NIPR group cored 210m on the flanks of
the mountain at King Col (4200 masl mean temperature
-16C) and the UNH group cored 20 km from the moun-
tain at Eclipse ”Dome” (3015 masl ,length 345 m mean
temperature -5C) . The three cores were done cooper-
atively by GSC, NIPR and UNH and cover nominally
30 ka, 1 ka and 2ka respectively . Located very close
to the Gulf of Alaska these core records are thought
to reflect the climate history of the Pacific Ocean and
having three widely spaced elevations , the sites ”see”
different distances to different sources. The lowest site
(Eclipse) has excellent seasonals but a very muted δ18O
history with no obvious little ice age , whereas the most
recent 1ka of the PRCol summit sites contains two very
large and sudden δ18O and d (deuterium excess) shifts
at 1850 AD and 800 AD. The δ18O shifts which hap-
pen from one year to the next are about 4 o/oo . The
summit site (PRCol) δ18O response is ”backwards” , ie
the Little Ice Age δ18O values are 4 o/oo more positive
than recent ones. The PRCol δ18O and d suggest that
the source water can either be locaĺı (Gulf of Alaska)
or very distant (tropics) . The Eclipse site seems only
to get the local water . A massive dust storm orig-
inating in central Asia (Gobi) in April 2001 dumped
a visible layer all over the St Elias Mountains and this
layer was sampled, to provide a calibration ”Asian dust
event”. The satellite and isotoic signatures both agreed
that Gobi was the source. The PRCol record covers the
Holocene and well back into the ice age. The transi-
tion is defined by a sudden ECM shift on the flanks of
a more gradual O18 shift. Acknowledgements. Logan
consortium consists of : Geological Survey of Canada :
Jocelyne Bourgeois, Mike Demuth, David Fisher, Roy
Koerner,Chris Zdanowicz, James Zheng. University of
Ottawa: Ian Clarke,Raphaelle Cardyn. National Insti-
tute of Polar Research (Japan): Kumiko Goto-Azuma
University of New Hampshire: Cam Wake , Kaplan Yal-
cin. University of Maine: Karl Kreutz, Paul Mayewski,
Erich Osterberg. Arctic Institute of North America:
Gerald Holdsworth. University of Washington: Eric J.
Steig, Summer B. Rupper. University of Copenhagen:
Dorthe Dahl-Jensen. David Fisher is the presenter but
many contributed to what is a joint preliminary offer-
ing.
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The Arctic represents one of the key regions on
Earth in our efforts to document and understand global
change. The St. Elias mountain range in the south-
western Yukon Territory has recently been the focus of



A

2004 Joint Assembly

Cite abstracts as: Authors (2004), Title, Eos. Trans. AGU, 85(17), Joint Assembly Suppl., Abstract #####-##.

JA53

an international ice core research.. The broad eleva-
tional extent of snow accumulation zones in this region
(ranging from 2500 to 5300 m asl) allows for the de-
tailed investigation of environmental change extending
from the planetary boundary layer through to the free
troposphere via the collection and analysis of ice cores
from different elevations. Multi-parameter, high res-
olution glaciochemical records are currently available
from the Northwest Col on Mt. Logan (5340 m asl, 103
m deep; 270 year record;) and from three cores recov-
ered from the Eclipse Icefield (3107 m asl) in 1996 (160
m deep; 100 year record) and in 2002 (345 m and 140 m
deep). Snow accumulation rates at Eclipse are about 5
times larger than the summit average of 0.30 m water
equivalent. Despite their close proximity, the climate
signals recorded on the summit of Mt. Logan also dif-
fer from those at Eclipse. For example, while the Mt.
Logan record shows no increase in sulfate or nitrate
deposition over the past 100 years, all three Eclipse
cores shows a clear increase in nitrate and sulfate de-
position beginning in the late 1940s due to an increase
in anthropogenic emissions in Eurasia during this time
period. Over the last century, the sulfate time-series
from Eclipse records from 32 discrete volcanic events,
primarily from Alaskan, Aleutian, or Kamchatkan erup-
tions, while the summit site only records 8 volcanic
events. The Eclipse summer d18O record displays a
significant positive relationship with summer tempera-
tures at both coastal and interior Alaskan sites, while
the Mt. Logan d18O time-series does not correlate well
with instrumental temperature records or most circum-
Arctic paleoclimate records. Conversely, the summit
ice core accumulation time-series strongly correlates
with instrumental precipitation records from Japan and
with indices of the El Nino- Southern Oscillation on
both interannual and interdecadal time scales suggest-
ing the summit records are uniquely situated for studies
of global teleconnection patterns. Our results to date
indicate that the two sites sample different air masses
and that boundary layer dynamics play an important
role in the glaciochemical signals preserved at each lo-
cation. The Northwest Col and Eclipse records, in con-
junction with analysis of new ice cores already recov-
ered from Prospector-Russell Col (5300 m; 187 m; circa
35,000 years) by the Geological Survey of Canada and
King Col (4135 m asl; 220 m deep; circa 2,000 year
record) on the Logan Massif by the National Institute
for Polar Research (Japan) offers an unprecedented op-
portunity for paleoclimate reconstruction along a ver-
tical transect in the St. Elias Mountains and should
provide a rich and multi-layered contribution to our
understanding boundary layer dynamics and Holocene
environmental change in the region.
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An ice core from Mt. Logan, Yukon, presents an
opportunity to evaluate the degree to which ice core
accumulation records can be interpreted as meaning-
ful measures of interannual climate variability. Statis-
tical analyses and comparisons with synoptic station
data are used to identify the physical relationships be-
tween Mt. Logan ice core accumulation data and large
scale atmospheric circulation. These analyses demon-
strate that only the winters of high accumulation years
have a robust connection with atmospheric circulation.
There are no consistent relationships during anoma-
lously low and average accumulation years. The win-
tertime of high accumulation years is associated with
an enhanced trough-ridge structure at 500 hPa and in
sea level pressure over the Northeast Pacific and West-
ern Canada, consistent with increased southerly flow
bringing in warmer, moister air to the region. While
both storm (i.e. 2-6 days) and blocking (i.e. 15-20
days) events project onto the same climate pattern,
only the big storm events give rise to the dynamical
moisture convergence necessary for anomalous accumu-
lation. Taken together these results suggest that while
the Mt. Logan accumulation record is not a simple
record of Pacific climate variability, anomalously high
accumulation years are a reliable indicator of winter-
time circulation and, in particular, of Northeast Pacific
storms.
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Prior work has demonstrated that a record of re-
gionally significant volcanic eruptions in the North Pa-
cific is available from Eclipse Icefield, Yukon Terri-
tory, Canada. The acquisition of two new cores from
Eclipse Icefield during the 2002 field season allows us
to extend the record of volcanism by at least five hun-
dred years and assess the variability in volcanic signal
preservation using the three ice core records now avail-
able from Eclipse Icefield. Non- sea - salt sulfate resid-
uals above a robust spline and empirical orthogonal
function (EOF) analysis were used to identify volcanic
sulfate signatures. These signals were then matched to
the historical record of volcanism to identify eruptions
in the Eclipse ice core. At least ten of these identifi-
cations have been independently verified by means of
tephrochronology, including, for the first time, recov-
ery of tephra from the unknown 1809 eruption seen in
both Greenland and Antarctic ice core records. The
largest eruptions, such as Katmai 1912 (VEI 6) and
Ksudach 1907 (VEI 5), as well as some moderate-sized
eruptions (i.e., Redoubt 1989; VEI 3), are consistently
recorded in each of the available cores. Meanwhile,
other moderate to large eruptions, such as Bezymianny
1956 (VEI 5), are not recorded in any of the cores. An-
thropogenic sulfate deposition at Eclipse since about
1950 appears to mask signals from large tropical erup-
tions such as Pinatubo (1991) and El Chichon (1982),
while older tropical eruptions prior to the period of an-
thropogenic sulfate deposition such as Krakatau (1883),
Tambora (1815), and the unknown 1809 eruption are
clearly recorded at Eclipse Icefield.
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Cherrier1 (cherrier@lsce.saclay.cea.fr); Gabrielle
Dreyfus1 (dreyfus@lsce.saclay.cea.fr); Sonia
Falourd1 (falourd@lsce.saclay.cea.fr);
Valérie Masson-Delmotte1

(masson@lsce.saclay.cea.fr); Barbara Stenni2

(stenni@univ-trieste.it); Antonio Longinelli3;
Sigfus Johnsen4,5 (sigfus@gfy.ku.dk); Frédéric
Parrenin6 (Frederic.Parrenin@notos.cst.cnes.fr);
Roland Souchez7 (glaciol@ulb.ac.be); Jakob
Schwander8 (schwander@climate.unibe.ch); JP
Steffensson5 (jps@gfy.ku.dk); Eric Wolff9

(ewwo@bas.ac.uk)

1IPSL/Laboratoire des Sciences du Climat et de
l’Environnement,, UMR CEA-CNRS, CE Saclay,
Gif-sur -Yvette 91191, France

2Dept. of Geological, Environmental and Marine Sci-
ence, University of Trieste, Trieste, Italy

3Dept. of Earth Sciences, University of Parma,
Parma, Italy

4Department of Geophysics, Juliane Maries Vej 30,
University of Copenhagen,, Copenhagen DK-2100,
Denmark

5Science Institute, University of Reykjavik, Dunhaga
3, Reykjavik 107, Iceland

6LEGOS, 18 Avenue Edouard Belin, Toulouse 31400,
France

7Département des Sciences de la Terre et de
l’Environnement,, Université Libre de Bruxelles,
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The two cores drilled at the Dome C site in East
Antarctica (elevation 3233 m, mean annual tempera-
ture, - 54.5◦C) in the frame of the European Program
for Ice Coring in Antarctica, now provide a continuous
deuterium profile covering the last 800 ky back to ma-
rine stage . Measurements have been performed on 55
cm samples with a precision of either ± 0.5 or ± 1.5
per mill depending of the part of the record considered.
We will focus on describing the characteristics of this
record, dated by inverse modelling, both in the time
and frequency domains. Specific time periods such as
termination V and the very bottom part of the core as
well as comparison with marine and continental records
covering the same time span, will be discussed.
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Several deuterium excess histories from ice cores at
different locations and timescales are shown in this pre-
sentation. We point out that deuterium excess is an in-
tegrated isotopic parameter, so a wealth of climate in-
formation, but in return difficult to interpret. First, at
glacial-interglacial timescale, we compare Vostok deu-
terium excess history with the new Dome Fuji record.
We discuss the possibility to reconstruct past changes
both in site and source locations with the combina-
tion of deuterium excess and deuterium. In this frame-
work, we discuss the recent comparisons done between
source temperature (or deuterium excess) and a single-
site SST and give some important caveats against such
a comparison. Second, we compare different deuterium
excess histories over the last glacial period both in
Antarctica and Greenland. We point out similarities
and differences, some of them remaining unexplained.
Finally, we briefly show deuterium excess from tropical
ice cores focusing on our poor understanding of the con-
trols on deuterium excess at tropical low latitudes.
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