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Further work will be ne

(Upper Noonday). ary to
determine the significance of this possible correlation.
Additionally, planned analysis of hand specimens using
a high-resolution gamma spectrometer should provide
more details about the composition of cap-carbonates
and provide further information about the conditions
under which they were formed.
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Numerous hypotheses have been proposed to explain
the 80 ppm reduction in atmospheric carbon dioxide
concentration that distinguishes glacial periods from
interglacials. A common tenet of previous studies is
that the role of increased solubility of CO2 associated
with cold surface waters during glacial periods plays
However, the syn-
chronicity of global sea surface temperature changes

only a minor contributing role.

and atmospheric CO2 changes on glacial timescales sug-
gest that there is a causal link between the two quan-
tities. Here we show, using a 7-box ocean carbon cycle
model that a significant decrease in sea surface temper-
atures, together with undetectably small ocean feed-
back mechanisms, would have been sufficient to pro-
duce the observed drawdown of atmospheric CO2 at
glacial times.
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The concentrations of reactive greenhouse gases in
the atmosphere are a result of the interplay between
sources on land and in the oceans and the atmospheric
sink. Methane (CHy) is the most important of the ma-
jor, long-lived reactive trace gases, and over the past
400,000 years it has more closely paralleled the higher-
frequency component of polar temperature records than
core CHy con-
sion (513 CHy)
have suggested that changing CH, emissions from wet-
lands drove prehistoric changes in ice-core CHy. As a

any other measured gas. Analyses of ic

centrations and carbon isotope compos

reactive trace gas, the global CHy budget is controlled
not just by changes in source strength, but also by cli-
mate, changes in the flux of other reactive trace gases,
and the nonlinear dynamics of atmospheric chemistry.
To investigate the effect of long-term climate change
on the atmospheric concentration of CH4 we coupled
climate, vegetation, and atmospheric chemistry mod-
els to simulate the natural emissions and atmospheric
chemistry of the major reactive trace gases. Climate
was simulated by a coupled AGCM/mixed-layer ocean
model with simulations at 1000-year intervals from the
Last Glacial Maximum (LGM, ca. 21 ka) to present.
Terrestrial CH4 and Biogenic Volatile Organic Com-
pound (BVOC) emissions were simulated using the
BIOME4-TG global vegetation model, with simple al-
gorithms for determining wetland area based on to-
pography and soil moisture, CH4 emissions based on
ecosystem carbon turnover in wet soils, and BVOC
emissions based on vegetation type and density. We
simulated atmospheric chemistry and transport with
the LMDz-INCA 3D chemistry-transport model, and
included a full prognostic simulation of nitrogen ox-
ide (NOg) emissions from lightning based on simulated
convective precipitation.

Global wetland area decreased by 1x10% km? from the
LGM to the present (nearly 15%). However, CHy emis-
sions - 110 Tg yr— ! - were nearly unchanged over this
same period. During the Pleistocene-Holocene transi-

tion CHy4 emissions reached a maximum of ca. 130 Tg.
LGM CHy emissions were ca. 29/,omore depleted in

513 CH, compared to present because of the increase

in tropical wetland activity relative to northern wet-
lands. Wetland CHy4 emissions did not change drasti-
cally during the deglaciation because new wetland ar-
eas formed as ice sheets retreated, while other wetland
areas were flooded by rising sea-level. Global emis-
sions of BVOC increased significantly from the LGM
to present, (350 Tg C yr—1 or 150%) because of in-
creased vegetation density from warming climate and
increased atmospheric COg concentrations. The simu-
lated increase in sea surface temperatures (SST) from
the LGM to present led to increased convective precip-
itation and a 10-30% increase in NO, emissions from
lightning.

Observed rapid changes in atmospheric CHy concen-
trations over the last 21 ka cannot be completely at-
tributed to climate change on millennial time-scales.
However, the simulated changes in both the atmo-
spheric BVOC and NO, burdens, which compete with
CHy as an OH sink, may have increased the lifetime
of CHy on the order of 30% at the present compared
to LGM. This strong reduction in CHy oxidation po-
tential would have had long-term consequences for at-
mospheric CHy4 concentrations and may explain much
of the ice-core CHy record without requiring major
changes in the wetland CHy4 source.
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The seasonal cycle of atmospheric NoO is derived
from a harmonic fit to the 10-year AGAGE observa-
tion record at Cape Grim, Tasmania (41S, 145E). After
correcting for stratospheric and thermal influences, the
observed atmospheric cycle is consistent with the sea-
sonal ventilation of microbially-produced NoO from the
Southern Ocean, as predicted by an ocean biogeochem-
istry model coupled to an atmospheric transport model
(ATM). This study is the first to reproduce observed
atmospheric seasonal cycles in NoO using specified sur-
face sources in a forward ATM run. The comparison
of AGAGE data and ATM results implies a Southern
Ocean NoO source of at least 0.9 Tg N/yr. This signifi-
cant present-day contribution from the Southern Ocean
suggests that the glacial oceanic NoO source may have
been reduced by the same oceanic mechanisms hypoth-
esized to have contributed to glacial COg5 drawdown.
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Organic matter is important to the reconstruction of
paleoenvironmental changes from lacustrine sediments.
Organic matter and its allochtonous and autochtonous
fractions provide information about the evolution of
ecosystems in the lake catchment and in the sedimenta-
tion basin and about physical and chemical water col-
umn conditions. Most studies that use organic matter
as a marker of paleoenvironmental changes have been

limited to relative descriptions of lake evolution be-
cause they lack calibration to modern conditions. We
present the results of our study of modern sedimenta-
tion of organic matter in Lagoa do Caco and their ap-
plication to reconstruction of late-glacial environmen-
tal changes in northeastern Brazil. We measured C/N
ratios and carbon and nitrogen isotopic compositions
of organic matter in surficial sediments collected along
four transverse transects and one longitudinal transect
of this lake. Each transverse profile starts from a mar-
gin dominated by emergent macrophytes, crosses the
central part of the lake, and finishes on the opposite
margin. The elemental and isotopic results characterise
the different depth-related lake environments and en-
able interpretation of variations in sediment bulk or-
ganic matter and its properties. C/N and del 13C val-
ues decrease and del 15N values increase from the lake
edge to 4m water depth before stabilizing as algae re-
place macrophytes as the predominant sources of or-
ganic matter. We applied these results to reconstruct a
20-ky sediment-core history of lake level changes based
on organic matter properties that reflects the evolution
of regional late-glacial and Holocene climate
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The oxygen isotopic composition of calcium carbon-
ate that precipitates in hardwater lakes is affected by
meteorologic factors whereas the inorganic and organic
carbon and nitrogen isotopic compositions of lake sed-
iments are influenced by biological productivity within
the lake. All of these isotopic proxies are potentially
subject to post-depositional diagenesis. We have mea-
sured the isotopic compositions at 1l-cm intervals in
four sediment cores that were collected in 1988, 1991,
and 2003 from eastern Lake Erie to evaluate the effects
of diagenesis on records of paleoenvironmental change.
We have compared the isotopic contents and the mass

accumulation rates of the aquatic productivity prox-
ies organic carbon and calcium carbonate of the differ-
ent cores to each other and to meteorological records
beginning in 1895. Eutrophication accelerated calcite
dissolution, but isotopic proxies are preserved. Calcite
del 180 values that become smaller from 1980 to 1998
in the absence of evidence of a summer temperature
change suggest a change in air mass trajectories. In
contrast, a shift to larger del 180 values from 1905 to
1910 that is accompanied by diminished calcite precipi-
tation and higher lake levels suggests a period of cooler
summer temperatures. Increases in inorganic and or-
ganic del 13C values, del 15N values, and organic car-
bon accumulation starting in 1960 reflect the height-
ened productivity caused by anthropogenic nutrient in-
creases to Lake Erie.
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Simulations of greenhouse-driven Arctic
climate change
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As a contribution to the Arctic Climate Impact As-
sessment, 2l1st-century greenhouse-driven simulations
from five global climate models were compared over a
pan-Arctic domain. In addition to depending on the
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greenhouse forcing scenario (e.g., A2, B2), the simu-
lated changes of temperature, precipitation and pres-
sure are highly seasonal and spatially variable in these
models. When composited over the five models, the
Arctic warming is largest in the autumn and winter, as
is the associated decrease of Arctic sea level pressure.
The corresponding projections of changes in extremes
of temperature and precipitation indicate that the Arc-
tic’s high level of natural variability reduces the statis-
tical significance of the projected Arctic changes rela-
tive to changes in lower latitudes. The projected Arctic
changes will also be presented in terms of growing sea-
son length and the northward migration of thresholds
such as the O-degree isotherm, which is ultimately re-
lated to the distribution of permafrost.
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The transition of the mean state of the climate sys-
tem from the Eemian interglacial into the glacial state
(the MIS 5e/5d transition) is investigated using both
an atmospheric general circulation model (the Cana-
dian AGCM2) and a coupled atmosphere-ocean gen-
eral circulation model (the NCAR CSMv1.4). Each
model has been employed to produce both a modern
control integration and an integration focused upon the
summertime high latitude insolation minimum that oc-
curred at approximately 116,000 years before present.
Using the AGCM2 model, an investigation of the ac-
tion of an atmospheric-cryospheric feedback mecha-
nism involving the moisture balance of the arctic po-
lar region will be described. This mechanism has
been previously referred to in the literature as one
involving a ’cryospheric moisture pump’ and depends
upon changes in the mid-latitude atmospheric eddy-
transports of heat and moisture into the polar cap.
Using the NCAR AOGCM in a complementary study,
we have further investigated the response of the cou-
pled atmosphere-ocean moisture and heat transports
into northern high latitudes, both through same at-
mospheric baroclinic eddy transports but also due to
changes in the Atlantic meridional overturning circula-
tion (MOC) which will be fully described. A novel fea-
ture of the atmosphere-ocean simulation involves a pre-
dicted increase of the MOC during the transition into
the state of high latitude continental glaciation. This
feature of the coupled atmosphere-ocean simulation is
consistent with inferences based upon proxy climate in-
dicators of Thermohaline Circulation (THC) strength.
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A fundamental question in Quaternary science is to
determine when the present interglacial will end and
when the next ice age might occur. Whereas scientists
predicted an imminent glaciation in the 1970s, it seems
today that the present interglacial may last longer, due
to an exceptional configuration of the future variations
of the summer solar insolation at northern high lat-
itudes. The McGill Paleoclimate Model, with its re-
cently added vegetation component, has first been run
to simulate the climate of the past (from 122 kyr to 80
kyr BP), i.e. the last glacial inception. Results show a
glacial inception around 117 kyr BP followed by a rapid
building of ice sheets over North America, and a slower
increase of ice volume over Eurasia. The model has
then been run to simulate the short-term future with
various increasing atmospheric CO2 concentrations, to
find the possible responses to global warming. The re-
sults are quite similar to those obtained by GCMs, and
lie in the IPCC range of results. Finally, the model has
been run to simulate the climate of the next 100 kyr,
i.e. the next glacial inception, with different scenarios
for the atmospheric CO2 concentration, both constant
and variable. We shall present the thresholds in car-
bon dioxide concentration that will determine the oc-
currence or absence of glacial inception in 50 kyr.

URL: http://www.esmg.mcgill.ca
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Observed long-term variability in Icelandic time se-
ries of river flow is quite regular and significant. Simi-
larly, aggregated long-term observations of glacial ter-
mini show gnificant changes since their initiation
some 70 years ago. The relationship of these changes to
variations in time series of climatic and oceanographic
variables is quite important, since it can give indica-
tions of the possible relationship between hydrological
time series and climate variability such as the Northern
Atlantic pressure Oscillation (NAO). It can also give
indications of the possible effects of anthropogenic cli-
mate changes due to increased concentration of green-
house gases in the atmosphere. The variability of the
atmospheric circulation in the North Atlantic has great
effects on the precipitation and runoff in Iceland and in
fact on the hydrology of the Nordic countries and the
contries of western Europe. The island is situated in
the middle of the North Atlantic Ocean in the path of
the low-pressure frontal systems that transport mois-
ture and thermal energy from the South to the North.
A multivariate statistical analysis is performed on dis-
charge data for several rivers in Iceland. The variability
in the characteristics of the rivers is large since their
watersheds are in various parts of the country, where
glaciers and groundwater play a large role in the hy-
drology of some of the watersheds. The modes of vari-
ability are identified by a principal component analysis
and the physical explanation of the modes is searched
for by canonical correlation with data on precipitation,
temperature, sea level pressure and other climatic and
oceanographic variables. This study should give in-
formation on what processes relate the variability of
the atmospheric circulation to the variability of the
Icelandic rivers. It will thereby reveal the options of
predicting the hydrological conditions in Iceland based
on indices and information from the general prevalent
circulation patterns. An extension of these studies is
planned within a joint Nordic project on Climate and
Energy that will include time series from the other
Nordic countries.
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The relatively short length of most instrumental cli-
mate datasets restricts the study of variability that ex-
ists in the climate system. This is particularly true
regarding the atmosphere where high quality spatially
dense data exists only since the late 1940s. With
this data, the Pacific North America pattern (PNA)
has been identified as one of the dominant modes of
variability in the atmosphere. Owver this period the
PNA has been related to the Pacific Decadal Oscil-
lation (PDO), a mode of climate variability that has
been shown to influence marine productivity in the
North Pacific as well as modulating the impact of the E1
Nino-Southern Oscillation in North America. Here we
present an updated 301-year ice core record from Mount
Logan in northwestern North America that shows a sta-
tistically significant and accelerating positive trend in
snow accumulation from the middle of the 19th century.
A manifestation of this trend has been a warming over
northwestern North America that, for much of the 20th
century, has been associated with secular changes in the
PNA and PDO.
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An overview is provided of the key findings of the
Arctic Climate Impact Assessment (ACIA), which is an
international project of the Arctic Council and the In-
ternational Arctic Science Committee (IASC), to eval-
uate and synthesize knowledge on climate variability,
climate change, and increased ultraviolet radiation and
their consequences. Predicted changes in climate and
UV in the Arctic are expected to have far-reaching
impacts on the hydrology and ecology of freshwater
ecosystems. Key effects include changes in the distribu-
tion, abundance and ecology of aquatic species in vari-
ous trophic levels, dramatic alterations in the physical
environment that makes up their habitat, changes to
the chemical properties of that environment, and alter-
ations to the processes that act on and within fresh-
water ecosystems. Interactions of climatic variables,
such as temperature and precipitation, with freshwa-
ter ecosystems are highly complex and hence can be
propagated through ecosystems in ways that are of-
ten difficult to predict. This is partly because of our
still relatively poor understanding of the structure and
function of arctic freshwater systems and their basic in-
terrelationships with climate and other environmental
variables, as well as by a paucity of long-term fresh-
water monitoring sites and integrated hydro-ecological
research programs in the Arctic. Predictions of hydro-
ecological impacts are further complicated by synergis-
tic and cumulative effects.
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There is broad scientific consensus that anthropogeni-
cally enhanced climate change is underway, that its
impacts will be particularly pronounced in northern
areas and that, regardless of the effectiveness of the
proposed mitigation measures, future climate changes
will occur due to the inertia of the climate system. The
Earth Sciences Sector of Natural Resources Canada ini-
tiated a new program aimed at providing knowledge
that will help Canadians to cope with adverse conse-
quences of, and to benefit where possible, from the
impacts of climate change on Canada’s landmass. The
fundamental goals are to improve the scientific under-
standing of the impacts of past, present, and future
climate variability and change on Canada’s landmass
and the coastal zone, of associated costs, and of the
implications for adaptation options; and to ensure this
information is used to better prepare Canadians for
the future. The program utilizes geoscience and geo-
matics techniques and expertise to observe, analyse or
model the sensitivity of Canada’s cryosphere (glaciers
and permafrost), ecosystems (carbon, water, energy
cycles) and coasts (coastal dynamics and sea level rise)
to climate variability and change. Spatially, program
activities address questions at national, regional or
local/municipal levels. The time domain of interest
spans the last 18000 years and the next 20- 100 years.
The key scientific questions are formulated within the
following streams: monitoring and analysis; GHG sinks
and sources; processes; scenarios; and costs/ adapta-
tion options. Explicit linkages with stakeholders and
users of scientific information have been established to

achieve effectiveness of the research results.
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