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and gas, is being evaluated to determine the potential
for geologic sequestration. The project is supported
by the U.S. Department of Energy, Battelle, AEP, BP,
The Ohio Air Quality Development Office, and Schlum-
berger. The major objective of the current phase is to
characterize the reservoir at the plant site. Future de-
cisions with regard to CO2 injection will be subject to
the evaluated reservoir properties. The effort includes
acquisition of 2-dimensional seismic data, assessment
of regional geology, drilling to PreCambrian rocks and
formation analysis and testing in a 2,800 meters deep
well, reservoir simulations, risk assessment, and stake-
holder outreach. The test well reached total depth in
summer 2003. Wireline logging and reservoir testing
was performed for each section of the borehole, includ-
ing extensive tests in the lowermost 885 meters to esti-
mate formation properties and pressure gradients. The
logs included gamma-ray, neutron and density, and ar-
ray resistivity, magnetic resonance relaxation for per-
meability information, elemental composition via cap-
ture spectroscopy, and resistivity based formation im-
age. The seismic survey was conducted over approx-
imately 11 miles along 2 lines: one along strike and
one along dip. The results of the geophysical surveys
combined with the field observations provide an inte-
grated assessment of the major injection parameters for
the two main injection reservoirs of interest, the Rose
Run Formation and the Lower Maryville formation. In
addition, the properties of the potential caprock for-
mations overlying the candidate injection zones were
also determined. The results of this characterization
will be presented with emphasis on geophysical testing
and seismic survey. These results are also being used
to conduct reservoir simulations and risk assessment.
Eventually, the geophysical tests and reservoir simula-
tions will provide guidance for designing a demonstra-
tion project for CO2 sequestration in deep saline reser-
voirs at this site and preparing the necessary injection
permits should a decision be made to move forward to
the next phase. These tests also help improve under-
standing of the geologic characteristics in the wider Ap-
palachian Basin area and form a basis for assessment of
other sites in the region.
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Carbon Dioxide Sequestration in
Fractured Diabase: Experimental
Results From Field and Laboratory
Studies
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We investigate the potential of COg5 sequestration
in basalt aquifers. Such mafic rocks provide cations
like magnesium, calcium and iron to solution, which
can facilitate precipitation of carbonate minerals from
injected COg-saturated fluids and may lead to secure,
long-term geological sequestration of COg from anthro-
pogenic sources. We present results from field and lab-
oratory experiments, including results from small-scale
COg9 injections into fractured zones in the Palisades
Diabase sill and the underlying Triassic sediments of
the Newark Basin Series. Geophysical logging and hy-
drogeological tests conducted prior to the COg injec-
tion experiments indicate several highly fractured zones
within the diabase. Porosity varies from less than 3% in
massive intervals to maximum 10% in highly fractured
zones. Fluid resistivity logs detected water producing
and water receiving zones in the diabase. The trans-
missivity of each of these permeable zones is estimated
using flowmeter measurements as well as slug and pump
tests to range from 0.0025 to 0.02 m2day71 A mixed
COg-water injection (pCOgq of 1 to 10 bar), with NaCl
added as a chemical tracer, into one highly fractured
zone isolated in the borehole allows for estimates of the
magnitude of flow recovery in the formation. The pH,
electrical conductivity and temperature of the injected
solution and the flow rate were monitored in real-time.
Fluid samples analyzed for major ion chemistry show
that the calcium and magnesium concentration in the
water increased approximately five times after several
days, indicating the neutralization reaction of the COqg-
saturated injection fluid with the host diabase rock.
In addition, laboratory experiments with flow-through
columns are performed to investigate the dissolution
rates of diabase samples in acidified aqueous solutions
with pH 1 to 4 at temperatures 20 to 70°. Compari-
son of field and laboratory results will be presented and
the potential for COg sequestration in fractured mafic
formations will be discussed.
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Evidence of Younger Dryas Event in
Taiwan
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Younger Dryas Event, the reversal of the warming
trend heading from Last Glacial Maximum to Holocene,
was first discovered about three quarters of a century
ago in polar region, is now known as a widespread phe-
nomenon of human dimension. It is generally believed
that the Event started in around 11,000 years and
ended in around 10,000 years before present of Carbon-
14 age. Here we report the progress of our search for
records of the Event in a tropic to subtropical land, Tai-
wan. Means for investigating climatic changes such as
Younger Dryas Event in region like Taiwan is difficult
to come by. In principle, carbon-isotope composition of
lacustrine organic sediments is one suitable proxy for
the investigation. Experimental study has so far con-
firmed this. Presence of unusual dust-storm deposits
may also be used for the investigation. It can be ar-
gued that glacial-like worlds are also dusty worlds. We
have employed both means and the results are encour-
aging. This report concerns with the carbon-isotope
study. We have been analyzing the stable carbon iso-
tope composition of carbon-14 dated core samples from
a fossil lake, Toushe Basin, in Central Taiwan. Prelim-
inary results had suggested the presence of a record of
the Event. We have recently completed an eight-meter
long core samples representing about the past 12,000
years of carbon-14 ages. This is a report of the re-
sults. The results confirm unequivocally the presence
of a record of Younger Dryas Bvent in the core. The
duration of the Event appears to be about 1,000 years,
from about 11000 years to 10000 years before present
of C-14 ages; The Event is characterized by abrupt flip-
ping over at both the beginning and the end and large
oscillation in between. These are consistent with that
of Greenland ice core results and confirm the global na-
ture of the Event. The results indicate that the climate
of Taiwan during the Event is probably much colder and
dryer than it is now.
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Precipitation Change in Taiwan:
Evidence of Impacts of Sulfur-rich
Volcanic Eruption and Anthropogenic
Process
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Precipitation change in Taiwan during the twenti-

eth century is investigated. Five year running mean
indicate that stronger rainfall intensity and larger rain-
fall variability ensued from rapid economic develop-
ment and urbanization in 1960s. Four major drought
episodes are identified. They are 1906-1910, 1961-1966
1978-1982 and 1993-1995. Above normal rain day is ob-
served during the period between 1906-1960. The ob-
served increase of rainfall variability and intensity dur-
ing last four decades is inferred to be a consequence of
greenhouse warming and anthropogenic aerosols forc-
ing. The coupled occurrence of the episodic high sulfur
rich volcanic eruptions and drought events is intrigu-
ing. Sulfur-rich volcanic eruption forcing is evident in
the Pinatubo eruption in 1991 on the drought episode of
1993-1995. The Agung, and St. Helen coincide with the
center of drought episode of about half decade long du-
ration. The salient features of precipitation change in
Taiwan illustrate impacts of sulfur-rich volcanic erup-
tion and anthropogenic process.
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The early summer climate in the western Norh Pa-
cific is largely controlled by the Baiu phenomenon.
The interannual meridional fluctuation of the Baiu
front and the relevant large-scale circulations are exam-
ined using empirical orthogonal function (EOF) anal-
ysis and the composite or correlation analyses based
on the EOF time coefficients. The first EOF mode in-
dicates the low-frequency fluctuation with a period of
four to five years (LF mode) appearing to the south of
35°N. The development is concurrent with the horse-
shoe sea surface temperature anomalies (SSTAs) in
the entire tropical Pacific that are associated with the
El Nifio/Southern Oscillation (ENSO). The western-
most SSTAs control the anomalous southward expan-
sion of Baiu front through the modification of con-
vection around 20°-30°N in the western Pacific. The
LF mode is negatively correlated with the activity of
South-Southeast Asian summer monsoon. The second
EOF mode is characterized by the meridional seesaw-
like fluctuation with a node around 28°N and by the
time scale of biennial oscillation (BO mode). The
horseshoe SSTAs again control the mode but with the
different spatial phase in the tropical western Pacific
through the anomalous convection off the Philippines.
The BO mode has the negative correlation with the ac-
tivity of tropical western North Pacific monsoon. The
SSTAs associated with the BO mode tend to be con-
fined to the tropical western Pacific, while the signals
of LF mode rather extend in the tropical Pacific-Indian
Ocean sector broadly, suggesting that the tropical BO
is the aborted ENSO being dominant in the tropical
central-western Pacific. The spatial phase of horseshoe
SSTAs adjusts the detailed interannual variability in
the meridional fluctuation of Baiu front.
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A great many wildfires sometimes occurred around
Eurasia and Northern America: especially, Siberia and
Mongolia in summer of 1998 and 2002. Generally
speaking, the wildfires are caused by extreme hot and
dry conditions. We could see what was happened in
1998 (Kimura et al., 2002). Now we can analyze the
climatic conditions in 2002. Then we found that the
climatic conditions in 1998 and 2002 from Siberia to
Northern America. We use the dataset below: (1)
Global Surface Summary of Day Data compiled by
NCDC (2) NCEP Reanalysis Data (3) JMA Histori-
cal Map (4) Wildfire Area Data analyzed by Remote
Sensing data Indeed, in 1998 summer it was high tem-
perature and little precipitation, and it was hotter and
drier than that of 2002 summer. We can see the pres-
sure distribution at Sea Level and 500hPa in summer.
The ridge or blocking high pressure at 500hPa level is
seen over the western Siberia. It corresponds to the
high pressure area at Sea Level in Siberia. And also
the waves at the 500hPa meander effect to the climate
of North America. Next, seasonal change in summer is
picked up, as wildfire had seasonal change. Sometimes
it rains, but sometimes no precipitation continued more
than 2 weeks in Siberia. During this period, the SLP
had been high level, and southern component of wind
continued to blow. This phenomenon means hot and
dry condition was kept. The low relative humidity air
mass moved eastward gradually, but sometimes it cov-
ered for many days. While this climatic condition con-
tinues, many wildfires occurred.
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Occurrence, Frequency and Persistence
of Historical Upper Air Flows and
Precipitation Trends in Western
North America
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‘We are seeking relationships that reflect histori-
cal synoptic upper airflow pattern-precipitation effi-
cacy for a large number of climate stations in western
North America. Classification of the historical daily
500 mb surfaces is ongoing for the fall and winter pe-
riods, 1960-90, as part of a program to develop high
resolution historical and future precipitation scenarios.
The Grid Analysis and Display System (GrADS) soft-
ware is used to display the 500 mb surface as defined
by the NCEP/NCAR reanalysis 6 hourly data (grid size
2.5x2.5 degree; window boundaries 15-80 N and 60-160
W). The 500 mb surfaces were classified according to
Changnon et al. (1993). The pattern data is under-
going statistical and temporal trend analyses to deter-
mine if/how specific pattern occurrence, frequency and
persistence impacts daily and seasonal precipitation.
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Precipitation and Precipitable Water
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The precipitable water (W), as an important water
vapor parameter, has become a conventional meteoro-
logical variable with the development in satellite obser-
vations and retrieval techniques. The dataset of W can
be utilized to extract useful information on hydrocli-
mate. For example, linkages may exist between the W
and cloud, precipitation (P), storm, and other meteo-
rological quantities. In this study, the contrast and re-
lation of P and W are clarified at different time-scales
over the United States and Mexico by using ten-year
daily observational datasets. The contrast of the two
variables shows that they have different spatial pat-
terns in both the means and the perturbations of dif-
ferent time-scales. For the P over the land, the mean
and the perturbations all have maximum centers over
the three regions: South Mexico, the Northwest Coast,
and the Mississippi River area. The mean of W that
decreases with latitude in general is large over the east-
ern U.S. and small over the western U.S. and Mexico.
However, the maximal perturbations of W, not appear-
ing over the near-equator oceans where the mean gains
its maximum, are “attracted” to the ocean-land adja-
cent areas due to the effect of small heat capacity of
land. The relation of P and W possesses unique spatial
patterns for different time-scales. At synoptic time-
scale, P and W are well positively correlated over the
entire US-Mexico although each of them has weak spa-
tial coherence. Positive correlation is more significant
over the eastern U.S., especially along the South and
East Coasts. At seasonal time-scale, the W has ex-
tremely high spatial coherence over the land, all get-
ting maximum in summer and minimum in winter, thus
follows the variation pattern of surface temperature.
Theoretical analysis confirms that the seasonal W is
truly dominated by temperature due to its large an-
nual range over the land, no matter how the relative
humidity changes seasonally. In contrast, the seasonal
P, which is influenced by atmospheric circulation and
land surface process, exhibits distinct local character-
istics, and can roughly be categorized into three types.
Over the North American monsoon region (Mexico and
the Southwest U.S.) along with the Northern Tier and
Florida, the P has maximum in summer and minimum
in winter. Over the Northwest Coast, maximum P ap-
pears in winter and minimum in summer. In the area
around the Mississippi River, P has no distinct sea-
sonal tendency. Therefore, the seasonal P and W are
continentally controlled by different factors, although
locally they could be linked through interactions be-
tween surface temperature and atmospheric circulation.
At interannual time-scale, the summer averaged corre-
lation of monthly P and W is significantly positive over
the North American monsoon region and Florida. In
addition to the partial contribution from the synoptic
relation of P and W, other factors controlling the in-
terannual relation need to be studied in future.
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Vertical structure of the Arctic
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change.
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When examined in terms of diagnostics of the at-
mospheric circulation, recent climate change may be
interpreted in terms of increases or decreases in the fre-
quency of occurrence of pre-existing preferred modes
of atmospheric behaviour rather than a simple linear
shift in the mean climate with superimposed noise.
This contrasts with the characteristics of the observed
changes in temperature-related diagnostics, which ap-
pear much closer to the simple linear picture. While
not necessarily inconsistent, the implications of these
two views of the nature of climate change need to be
explored. In this framework the main purpose of this
paper is to use a 40-yr NCEP reanalysis dataset in
order to explore the vertical structure of circulation
regimes and (at the same time) illustrate the poten-
tial role of weather regimes and non-linearity in the
emerging anthropogenic signal. An empirical orthogo-
nal function (EOF) analysis is first applied in order to
define, for each variable, a reduced phase space based
on the leading modes of variability. Then a simultane-
ous analysis of the four fields is carried out perform-
ing a further EOF analysis in the subspace spanned
by the leading EOFs of each field. This produced a
multi-variable EOF picture of the large-scale vertical
(and thermal) structure of the atmosphere. With the
three-dimensional structure available, it is possible to
assess whether the observed temperature changes are
consistent with an increase in certain regime frequen-
cies. Moreover the hypothesis that regime frequency
change more than regime structure is checked by per-
forming a regime analysis separately on the first and
last 25-yr periods.
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Freshwater is critical to the sustainability of hu-
mans in the Arctic. Water used for drinking or cleaning
can promote good health or propagate disease. Water
supports the plants and animals used for subsistence
harvest. Water prevents or promotes access to food or
shelter. Water has always been and will always be in-
tegral to the culture of humans in the Arctic. In the
past 30 years, the climate in the Arctic has warmed ap-
preciably and there is evidence for a significant polar
amplification of global warming in the future. Recent
studies suggest that climate change will have a signifi-
cant impact on arctic hydrology. Changes in the hydro-
logic cycle will affect both the presence of surface wa-
ter and the thermal balance in soil. While preliminary
evidence suggests a changing climate will have a signif-
icant impact on the hydrologic cycle in arctic regions,
very little evidence is available to predict how the qual-
ity and quantity of freshwater available to humans is
likely to change. Even less is understood about how
hydrologic changes will affect the health, sustainability,
and culture of humans in the Arctic. The overall objec-
tive of the this research is to understand the vital role
of freshwater in the lives of humans in the Arctic, how
it has changed in the recent past, and how it is likely
to change in the future. We seek to build a model that
will allow us to predict climate-induced changes in the
hydrologic cycle and their effects on water quality and
availability. We will then attempt to understand how
these changes will impact the life and culture of people
in the Arctic. This study will take place on the Se-
ward Peninsula where climate induced changes in the
hydrologic cycle are already being observed. We will
draw upon community interaction, historical documen-
tation, field observations, laboratory experimentation,
and computer modeling to achieve the project goals.
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Dating of buried ice in the western Dry Valleys re-
gion relies on 40Ar/39Ar analysis of ashfall deposits
within sublimation tills that rest directly on stagnant
glacier ice. The oldest ice so dated is >8.1 Ma. The
fundamental assumption is that dated ashes are in-situ
and have not been transported from surface deposits
elsewhere in the Dry Valleys region. Given that the
surface of sublimation tills shows well-developed pat-
terned ground, the presumption of ground stability and
long-term preservation of in-situ ashfall is questioned.
As a test of ground stability, we examined ash-deposit
morphology, grain shape, and glass-shard trace-element
geochemistry from several ashfall deposits used to pro-
vide limiting ages on buried ice and tills in the west-
ern Dry Valleys. Detailed field analyses show that
ashfall that collects in sublimation tills over buried
ice occurs in one of three morphologic settings: sur-
face troughs that delineate sand-wedge polygons, void
spaces in gravel-and-cobble lags that overlie active sand
wedges, and 1 to 2-cm-wide thermal contraction cracks.
Post-depositional sublimation of underlying ice may
distort initial deposit morphology through uneven sur-
face lowering. Microscopic analyses of concentrated
ashfall deposits that lack detrital sand grains show
highly angular glass shards that preserve delicate hair-
like spires and thin bubble-wall vesicles. Grain edges
are sharp with no chipped, fractured, or pitted sur-
faces. In contrast, ash deposits containing detrital sand
grains show subangular to subrounded shard morpholo-
gies with concave fractures and pits on grain edges,
all of which are suggestive of abrasion during trans-
port. In such deposits, grains preserving delicate bub-
ble walls and hair-like spires are conspicuously absent.
Laser ablation-inductively coupled plasma-mass spec-
trometry shows that glass shards within each ashfall
deposit have uniform trace-element geochemical signa-
tures. If ashfall were eroded and transported after ini-
tial deposition, then ashes of different ages and geo-
chemical compositions should be found together in in-
dividual deposits. An accurate chronology for buried
ice in the western Dry Valleys region of Antarctica
has implications for research in atmospheric chemistry
(Miocene-aged glacier ice may hold pristine samples of
ancient atmosphere), geobiology (ancient microbes are
preserved in the ice), and planetary geology (buried ice
in Antarctica may serve as an analog for buried ice on
Mars).
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We examine simulations of present and future cli-
mates in Califonrnia performed with four regional cli-
mate models (RCMs). For the present climate, we com-
pare the results of these models to observations and
to results of the global climate models (GCMs) which
provided lateral boundary conditions to the RCMs. We
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find that in spatially-averaged surface temperature and
precipitation the RCMs tend to share the biases of the
driving GCMs. For future climate, the different RCMs
simulated slightly different greenhouse gas scenarios.
We compare simulated responses in surface tempera-
ture and precipitation in the RCMs to each other and
to results of the driving GCMs. We find non consensus
among the models as to the sign of the precipitation re-
sponse. All the models predict statistically significant
increases in temperature, but they do ot agree as to the
spatial pattern of the surface temperature response.
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This paper examines the use of interactive models of
research in the U.S. Regional Integrated Scientific As-
sessments (RISAS), using as a case study the Climate
Assessment of the Southwest (CLIMAS). It focuses on
three conditions of interactive models: interdisciplinar-
ity, interaction with stakeholders and production of us-
able knowledge and on the role of three explanatory
variables -the level of fit’ between state of knowledge
production and application, disciplinary and personal
flexibility, and availability of resources -which affect
the co-production of science and policy in the context
It finds that although no
single model can fulfill the multitude of goals of such

of integrated assessments.

assessments, it is in highly interactive models, which
we call iterative, that the possibilities of higher levels
of innovation and related social impact are most likely
to occur.
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Projections of future climate change already exist,
but are deficient both in terms of the characterisa-
tion of their uncertainties and in terms of their re-
gional detail. To date, the assessment of potential im-
pacts of climate change has generally relied on pro-
jections from simple climate models or coarse resolu-
tion Atmospheric-Ocean General Circulation Models,
although increasing efforts are being made to produce
higher resolution climate simulations, particularly at
Simple models include, at best, a
limited physical representation of the climate system.
Coarse resolution precludes the simulation of realistic
extreme events and the detailed spatial structure of
variables like temperature and precipitation over het-
erogeneous surfaces e.g. the Alps, the Mediterranean
or Scandinavia. Perhaps even more important, regional
signals of climate change often reflect the coarse reso-

the regional scale.

lution and the patterns of change can be significantly
altered when resolution is increased. PRUDENCE is a
European-scale investigation funded by the Buropean
Commission with the following objectives: 1. to ad-
dress and reduce the above-mentioned deficiencies in
projections; 2. to quantify our confidence and the un-
certainties in predictions of future climate and its im-
pacts, using an array of climate models and impact
models and expert judgement on their performance; 3.
to interpret these results in relation to European poli-
cies for adapting to or mitigating climate change. Cli-
mate change is expected to affect the frequency and
magnitude of extreme weather events, due to higher
temperatures, an intensified hydrological cycle or more
vigorous atmospheric motions. A major limitation in
previous studies of extremes has been the lack of: i)
appropriate computational resolution - obscures or pre-
cludes analysis of the events; ii) long-term climate
model integrations - drastically reduces their statisti-
cal significance; iii) co-ordination between modelling
groups - limits the ability to compare different stud-
ies. These three issues are all thoroughly addressed in
PRUDENCE, by using state-of-the-art high resolution
climate models, by co-ordinating the project goals to
address critical aspects of uncertainty, and by applying
impact models and impact assessment methodologies to
provide the link between the provision of climate in-
formation and its likely application to serve the needs

of European society and economy. PRUDENCE pro-
vides a series of high-resolution climate change scenar-
ios for 2071-2100 for Europe, characterising the vari-
ability and level of confidence in these scenarios as a
function of uncertainties in model formulation, natu-
ral/internal climate variability, and alternative scenar-
The first syn-
thesizing results obtained over two years of coordinated

ios of future atmospheric composition.

research efforts by a total of 21 European full part-
ners from 9 countries and associated participants rep-
resenting more than 4 additional countries will be high-
lighted.

URL: http://prudence.dmi.dk
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The Department of Public Works of Yolo County,
California, USA has been testing an advanced approach
to landfill bioreactors, controlled (or “enhanced”) land-
filling, at its Yolo County Central Landfill site near
Davis, CA, since 1994. Overall objectives have been
the management of waste landfilling for: (1) rapid com-
pletion of total gas generation; (2) maximum, high-
efficiency gas capture; (3) waste volume reduction; and
(4) maximum greenhouse gas and carbon sequestra-
tion benefits. Methane generation is controlled and en-
hanced through carefully managed moisture additions,
and by taking advantage of landfill temperature el-
evation. The generated landfill methane, an impor-
tant greenhouse gas, is recovered with high efficiency
through extraction from a porous recovery layer be-
neath a surface geomembrane cover. Instrumentation
included a total of 56 moisture and 15 temperature
sensors in the two cells, gas flow monitoring by posi-
tive displacement gas meters, and accurate quantifica-
tion of liquid inputs and outputs. Gas composition,
waste volume reduction, base hydrostatic head, and
a range of environmental compliance parameters has
been monitored since 1995. Partitioning gas tracer
tests using the injection of two gases at dilute con-
centrations in the landfill have also been initiated to
compute the fraction of pore space occupied by wa-
ter between the points of tracer injection and tracer
measurement. There has been rapid waste volume re-
duction in the enhanced cell that corresponds to the
solids’ reduction to gas. Monitoring is planned for the
next several years, until stabilization parameters are
determined complete. Encouraging performance is in-
dicated by: (1) sensor data; (2) gas generation results;
(3) data from landfill cores; and (4) decomposition-
related indicators including rapid volume reduction.
When data are synthesized, project results have attrac-
tive implications for new approaches to landfill man-
agement. Over seven-years, methane recoveries have
averaged over fivefold the “typical” values for compa-
rable landfill waste. In terms of “greenhouse benefit,”
fractional VOC and methane energy recovery are es-
timated to exceed 90%, with corresponding methane
Analyses done for the
greenhouse gas mitigation program of the U.S. Depart-

and VOC emission reductions.

ment of Energy National Energy Technology Labora-
tory indicate favorable economics justified on landfill
life extension, as well as environmental benefits. The
”controlled landfill” project findings suggest potential
for low-cost mitigation of waste greenhouse methane
emissions, maximum landfill carbon sequestration, and
maximization of beneficial energy capture from land-
fills. Details and results obtained since 1994 will be
presented.
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The Roles of El Nino and Solar Forcing
on Cloud Cover
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Although cloud cover has a very strong effect on
climate, its behavior is so poorly understood that its
role is frequently neglected. A potential breakthrough
occurred with initial reports that cloud cover could be
driven by variations in cosmic rays (H. Svensmark & B.
Friis-Christensen, J. Atmos. Solar-Terr. Phys. v. 59,
n. 11, pp 1225-32, 1997, and N.D. Marsh & H. Svens-
mark, Space Sci. Rev., pp 1-16, 2000). In this paper we
report a detailed analysis of recently extended data now
available from the International Satellite Cloud Clima-
tology Project. In a surprise, we find that the major
driving force for cloud cover is ENSO (El Nino / South-
ern Oscillation). In addition, we do find a weak but
significant response to solar forcing; however, in con-
tradiction to the previous reports, we find no stronger
relationship to cosmic rays than to other solar parame-
ters. For the majority of the 23 cloud types available to
us, interannual variability is dominated by changes that
follow the NINO3 index of Pacific sea surface tempera-
tures. In particular, increases in high-altitude and ver-
tically extensive cloud cover are observed to follow the
motions of warm water throughout the El Nino cycle.
Even far from the Pacific, many cloud cover changes
are observed to correlate with El Nino, and these data
provide a new and previously unexplored tool for un-
derstanding the global nature and influence of the El
Nino / Southern Oscillation.
ing of cloud cover is observed in, at most, a few cloud
types. Only in the cloud type emphasized by Svens-
mark, low-altitude clouds detected in the infrared, does
the dominant mode of interannual variability make a
good match with solar forcing. The extended cloud
record provides continued support for solar forcing of
this cloud type; however, unlike Svensmark, we find no
empirical reason to prefer cosmic ray flux as the forcing
mechanism over any other type of solar cycle variation
(e.g. irradiance or UV flux changes). Our observations
indicate that while the internal redistributions of heat
and precipitation associated with El Nino are the domi-

In contrast, solar forc-

nant influence on most cloud types, there is a weak but
significant response to solar forcing present in at least
part of the cloud volume.
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Detecting Thermohaline Circulation
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Significant changes of the thermohaline circulation
(THC) are likely to cause abrupt earth climate change.
Here we examined several mechanisms controlling the
THC variation using a coupled climate system model
(NCAR’s CCSM2.0). Three experiments are analyzed,
a control run (present; CON), and two forced runs: a
fresh water hosing run with 0.1 Sv additional fresh wa-
ter uniformly distributed in northern North Atlantic
(NA) between 50 and 70°N (past; HOS), and a tran-
sient climate run with 1% COg increase per year (fu-
ture; TRC). In HOS, THC is weakened to 11.4 Sv
from 15.7 Sv in CON by the end of the 100-year hos-
ing, then recovers to its full strength 80 years after
the hosing was turned off. The tropical and subtropi-
cal Atlantic ocean average over the upper 1000 meter
(Tqt1000) warms by 0.3°C by the end of the hosing,
implying a change of 14 Sv in THC for a 1°C varia-
tion of Tyt1000- In TRC, the THC weakens to 14.1
Sv at 2XCOg and to 12.6 Sv at 4XCOqg. T441000 in-
creases by 1.1°C at 4XCOg, where most of the T ¢1000
changes can be attributed to the COg effect. There-
fore, the same regression relationship between THC and
T,t1000 do not hold in this experiment as in HOS.
EOF analysis of the meridional streamfunction (MSF)
in the Atlantic reveals a seesawing pattern of the rate
of North Atlantic Deep Water (NADW) and Antarctic
Bottom Water (AABW) formation in the first EOF for
HOS. When the NADW increases (stronger THC), the
AABW decreases. The same is true for CON. Changes
in AABW is related to sea ice volume changes in south-
ern ocean. This seesawing pattern of THC agrees with
proposed THC oscillation in the past 1500 years. In
TRC, as COqy increases, the northern NA and the pe-
riphery of the Antarctic become warmer and fresher,
reducing the surface water density, and resulting in a
decrease in both NADW and AABW formation. Other
mechanisms examined here are the mean sea surface
salinity (SSS) and temperature (SST) contrast between
NA and North Pacific (NP), and the steric height gra-
dient (SHG) between 30°S and 60°N in Atlantic. In
HOS and CON, it shows a higher SSS contrast related
to a stronger THC, but opposite in TRC. However, a
colder NP (warmer NA) is related to a stronger THC
for both forced runs. The SHG in Atlantic gives the
most consistent result among these 3 runs, however,
the linear regression shows a 17 Sv change in THC vs
a change of one cm/deg-lat in SHG for CON and HOS,
but a number increased to 29 for TRC. EOF analyses
of the global SST indicate that the first EOF in CON,
explaining 14% of the total variance, is a ENSO related
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pattern with a 2.6-year frequency. In the forced runs,
this pattern becomes the second EOF with a frequency
of 3.3- to 4.5-year, explaining 11% and 3% of the to-
tal variance for HOS and TRC, respectively. The first
EOFs are a general cooling in Northern Hemisphere
and warming in Southern Hemisphere in HOS (explain-
ing 12% of the variance) and a global warming in TRC
(explaining 70% of the variance). The general conclu-
sion is that the proposed mechanisms used to detecting
the THC strength are held for past and current cli-
mate condition, but not perfectly held for the future
(at least in NCAR’s CCSM2.0). The increase in atmo-
spheric COg level seems changed the behavior of the
THC, and causes a breakdown of many teleconnections
between THC and others.
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Air travel by scientists is one contributor to rising
concentrations of COg and other greenhouse gases in
the atmosphere. To assess the magnitude of this con-
tribution in per-capita and overall terms, we calculated
emissions derived from air travel for two major scien-
tific conferences held in 2002: the western meeting of
the American Geophysical Union (AGU) in San Fran-
cisco and the Ecological Society of America meeting
in Tucson (ESA). Round trip travel distance for sam-
pled attendees is 7971 4+ 6968 km (1 sigma range given,
n=337) for AGU and 5452 + 5664 km for ESA (n=263),
conservatively assuming great circle routes were fol-
lowed. Using accepted COg production rates for com-
mercial aircraft, mean AGU emissions are 1.3 tonnes
per attendee and 12351 tonnes total and for ESA 0.9
tonnes per attendee and 3140 tonnes total. Although
small compared to total anthropogenic emissions (2.275
x 1010 tonnes y 1 in 1999), per attendee emissions are
significant compared to annual per-capita emissions;
COg emission per AGU and ESA attendee exceeds the
per capita annual emission of 42% and 19% of Earth’s
population, respectively. Per attendee AGU emissions
are x~6% of U.S. and ~14% of British and Japanese
per capita annual emission. Relocation of AGU and
ESA to cities which minimize travel distances, Denver
and Omaha respectively, would result in modest emis-
sion reductions of 8% and 14% (assuming 2002 attendee
composition). To form a preliminary estimate of annual
COgq emissions for scientists in academia, we surveyed
Earth Science faculty at our home institution. Mean
annual air travel distance for professional activities was
38064 km y71 (7 respondents). The consequent release
of 6.1 tonnes y 1 of COg is 30% of annual per capita
emissions in North America, and exceeds global per
capita average of 4 tonnes y ! by 150%. Society and
the environment often benefit from scientific enquiry
which is facilitated by travel. These benefits, however,
might be balanced against the disproportionate share
of COg presently produced as a consequence of pro-
fessional scientific activities. Small reductions (=10%)
might be achieved by optimizing conference locations.
Supported by Dalhousie University and the Natural Sci-
ence and Engineering Research Council of Canada.
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This research took two different approaches to mea-
suring carbon and water vapor fluxes at the plot level
(2 X 2 meter and 1 X 1 meter plots) to help un-
derstand and predict ecosystem responses to elevated
COg concentrations and concomitant environmental
changes. The first measurement approach utilized a
COgq-controlled, ambient lit, temperature controlled
(CO5LT) null-balance chamber system run in a cha-
parral ecosystem in southern California, with six differ-
ent COg concentrations ranging from 250 to 750 ppm
COg concentrations with 100 ppm difference between
treatments. The second measurement approach used a
free air COg enrichment (FACE) system operated at

550 ppm COg concentration. These manipulations al-
lowed the study of responses of naturally-growing cha-
parral to varying levels of COg, under both chamber
and open air conditions. There was a statistically sig-
nificant COg effect on annual NEE (net ecosystem ex-
change) during the period of this study, 1997 to 2000.
The effects of elevated COg on COg and water vapor
flux showed strong seasonal patterns. Elevated COg
delayed the development of water stress, enhanced leaf-
level photosynthesis, and decreased transpiration and
conductance rates. These effects were observed regard-
less of water availability. Ecosystem COg sink strength
and plant water status were significantly enhanced by
elevated COg when water availability was restricted.
Comparing the FACE treatment and the FACE control,
the ecosystem was either a stronger sink or a weaker
source to the atmosphere throughout the dry seasons,
but there was no statistically significant difference dur-
ing the wet seasons. Annual average leaf transpiration
decreased with the increasing of the atmospheric COq
concentration. Although leaf level water-use efficiency
(WUE) increased with the growth COg concentration
increase, annual evapotranspiration (ET) during these
four years also increased with the increase of the at-
mospheric COg concentrations. These results indicate
that chaparral or other similar ecosystems, under fu-
ture elevated COg concentrations, might be even more
water stressed than they are under current conditions.
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Measurement of net ecosystem CO2 exchange (NEE)
was made on a wet coastal sedge tundra ecosystem in
Barrow, Alaska over the growing seasons (June 1 to
August 31) between 1999 and 2002 using the eddy co-
variance technique. The objectives of this study were
to quantify the seasonal carbon budget and intra- and
inter-seasonal variability of carbon flux as well as ex-
amining the control mechanisms on NEE. Climatic con-
ditions changed from year to year, with seasonal av-
erage air temperature varying from 1.6 oC to 3.0 oC,
precipitation from 57.8 mm to 86.8 mm, and soil mois-
ture content varying 0.40 m3 m-3 to 0.76 m3 m-3. The
2002 growing season recorded the earliest snow-melt
(day 144) among the study years which extended a the
length of the growing season by 20 days compared to
the other three years. Due to the early snow-melt and
rapid development of the plant canopy in 2002, consid-
erable carbon uptake took place shortly after the initi-
ation of growth with a peak NEE of - 2.3 gC m-2 d-1
on day 166, while the maximum carbon uptake (ie. -
5.4 g€C m-2 d-1 in 1999, - 2.8 gC m-2 d-1 in 2000, and
- 2.9 g€C m-2 d-1 in 2001) occurred in the main grow-
ing season during the rest of years. An unusual long
period of cold air temperature (0 oC) from day 170
to day 190 in 2002 resulting in a reduction in the mag-
nitude of the carbon uptake and changed the ecosys-
tem from a sink to a source. This result may occurred
due to the compound effects of restrained plant growth
and phenological development and suggests the temper-
ature sensitivity of the wet coastal sedge tundra ecosys-
tem during the early growing season. Although precip-
itation and soil moisture content varied throughout the
growing seasons, the NEE in wet coastal sedge tundra
ecosystem was not effected by the changes in precipita-
tion and soil moisture content due to adequate levels of
water availability all four years. The wet coastal sedge
tundra ecosystem accumulated a total of 70. 0 gC m-2
season-1, 46.6 gC m-2 season-1, 51.7 gC m-2 season-1
and 60.8 gC m-2 season-1 during over the 1999, 2000,
2001 and 2002 growing seasons respectively. These re-
sults indicate that an increase in the growing season
may not necessarily cause an increase in the sequestra-
tion of carbon by the ecosystem owing to the compound
mechanisms controlling ecosystem CO2 exchange.
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We present a novel technique for diagnosing the
mechanisms controlling the water vapor distribution in
an idealized general circulation model (GCM) through
the use of multiple passive tracers to track the trajec-
tories of unsaturated air. The model atmosphere is di-
vided into a number of axisymmetric regions, each of
limited meridional and vertical extent. When a par-
cel of air is saturated in a given region, the value of
the tracer for that region is set to unity there, and
the tracer values for the other regions are set to zero
there. The time-mean, zonal-mean tracer fields show
the typical pathways that air parcels take between one
occurrence of saturation and the next. Because sat-
uration water vapor mixing ratio is a function only
of temperature, and mixing ratio is conserved for un-
saturated parcels, these tracer fields can be used to-
gether with the temperature field to reconstruct the
water vapor field. Under a given climate change, the
water vapor field reconstructed by this method may
perhaps be thought of as a first correction to the as-
sumption of constant relative humidity (the simplest
possible model). This method also allows changes in
the water vapor field which occur in a climate change
to be partitioned into changes due to temperature and
changes due to circulation. Results will be presented
from a model consisting of the dry GCM of Held and
Suarez plus advection of a passive water vapor field
which is emitted at the surface, and assumed to rain out
immediately upon saturation, but whose latent heat of
vaporization is zero so that it does not affect the cir-
culation. In this simple model, the largest errors in
the reconstructed water vapor fields are those due to
sampling (use of a finite number of tracers). An inter-
esting preliminary result is that, even for a very simple,
small climate change in which the radiative-convective
equilibrium temperature (relaxation towards which is
the only thermal forcing of the model) is increased by
one degree everywhere in the atmosphere, the relative
humidity change is determined substantially by circu-
lation changes as well as by temperature changes.
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Spectrally resolved, absolutely calibrated infrared
radiance measurements made from space are being in-
creasingly recognized as a key observational element of
a program to detect and forecast future climate change.
Space-based measurements have a number of important
characteristics for climate research. They can provide
complete global coverage, completing our knowledge of
isolated ocean regions where in situ measurements are
sparse. The homogeneity of these measurements re-
duces the complexity and uncertainty inherent in their
analysis. Being provided by a single platform means
that a careful absolute calibration for one instrument
provides reproducible and demonstrable accuracy for
an entire mission-length global dataset. One of the
main disadvantages of space deployment is that instru-
ments can only directly measure radiance, not the cli-
matic state variables to which we are most accustomed.
Although the radiances may be inverted to produce at-
mospheric profiles and records of other state variables,
the complexity and ill-conditioned nature of this prob-
lem (Keith and Anderson 1998) make analysis of the ra-
diances themselves a very attractive option. The anal-
ysis of the statistical properties of previous spectrally
infrared missions has illustrated the detailed informa-
tion that can be extracted from the means (Harries et
al. 2001) and the higher statistical moments (Hask-
ins and Goody 1998). The higher order moments are
particularly important in understanding the response
of the climate to an external forcing (Leith 1975). In
this paper we examine the information content of the
dynamical characteristics of a simulated infrared ra-
diance dataset. We show that the dynamical proper-
ties can be separated from the statistical properties,
yielding different information about the physical mech-
anisms operating in the model atmosphere. Changes in
parameterizations of physical processes in a simple one-
dimensional model are shown to independently affect
the covariances of the radiation field determined from
the empirical orthogonal functions (EOF) and dynam-
ics determined from linear inverse modeling (LIM).
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One potential source of the large spread in sensi-
tivities that exist among climate models in their re-
sponse to projected increases in atmospheric CO2 con-
centrations is the way different models treat convection
and clouds and the subjective choices that are made to
specify bulk (non-observable) parameters. Quantifying
these uncertainties is made much more difficult by the
fact that the optimal choice of any single parameter
value depends on the values of other key parameters.
The solution requires that a multi-dimensional proba-
bility distribution be generated that describes regions
of parameter space that enable the model to be most
consistent with observational data. Toward this end we
have devised a new EOF-based multivariate measure of
model performance that compares model predictions of
12 quantities with observational or reanalysis data. Us-
ing this EOF-based measure of model performance, we
have considered 5 key parameters within the NCAR at-
mospheric climate model (CCM3.10) that are impor-
tant to convection and clouds and coarsely mapped
their linear and non-linear sensitivities to changes in
these parameters. We have found that there are mul-
tiple regions of parameter space that provide a close
match to observational data, which suggests one reason
why different modeling efforts may ”settle” on different
values for the same bulk-parameters.
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An atmospheric GCM (Climate Community Model,
CCM 3.6.6) is coupled to an upper mixed-layer ocean
with thermodynamic sea ice on an aquaplanet. An an-
nually averaged diurnal cycle of insolation is used such
that effects of seasonality are neglected. Sea ice is
modeled by a simple four-layer thermodynamic sea ice
model coupled to the atmosphere-ocean system. A sim-
ple form of heat flux to the mixed-layer from below, the
so called ”Q-flux”, is constructed and introduced into
the model. All externally specified fields, such as the
insolation, the Q-flux, the ozone concentration and the
mixed layer depth (50m uniformly), are constant over-
the year, zonally symmetric and symmtric about the
Equator. The Q-flux can be viewed as a crude repre-
sentation of the poleward oceanic heat transport and
thus takes on negative values at low latitudes and posi-
tive values at high latitudes. While the shape of the
Q-flux is kept constant various choices of its ampli-
tude are used and the model is run to equilibrium for
each choice. The outcome of this ranges from very icy
climates, with sea ice margins in both hemispheres at
35 degrees, to completely ice-free climates. Between
these extremes arises a complex transition which in-
cludes both asymmetric climates, with sea ice in one
hemisphere and no sea ice in the other, and multiple
equilibria, where sea ice at both low and high latitudes
are possible under the same external forcing.
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The global coverage, 0.144-degree resolution green

vegetation fraction (GVF) climatological fields have
been derived at weekly temporal resolution using 12-
year weekly smoothed NDVI datasets, while such
smoothed NDVI datasets were obtained by post-launch
calibrated AVHRR visible and near infrared radiances
that span over the operational period of NOAA-9,
NOAA-11 and NOAA-14 satellites. A comprehensive
statistical approach was further developed to utilize
both the weekly GVF climatology and the real time
vegetation anomaly magnitude indicated by vegetation
condition index (VCI) to produce high quality near
real-time meso-scale grid resolution global GVF fields
that are suitable to use by numerical weather, cli-
mate and hydrological models. This approach consid-
ers different scenarios of the relationship between GVF
anomaly and VCI for each week, land surface class and
hemisphere. The case studies show that the resulting
GVF fields are capable of capturing real-time moderate
to strong land surface vegetation anomaly signals while
preserving general trend in the climatological datasets.
The data products summarized in this study appear be
superior to previously derived GVF climatology.
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Rising concentrations of atmospheric carbon dioxide
and potential increases in temperature and climatic ex-
tremes, have raised concern in the earth-science com-
munity, driving the need for better understanding of
the exchange of carbon dioxide between the various
Earth’s ecosystems and the atmosphere. This interest
has promoted the development and application of re-
gional (1 to 10km2) and ecosystem (10 to 100km2) scale
primary production models, based on plant growth and
physiological principles. This research explores one
such application of the 3-PG (Physiological Principles
Predicting Growth) big-leaf model, to a number of pris-
tine, restored and plantation rainforest sites located in
North Queensland, Australia. Model parameters were
derived for this specific tropical forest ecosystem and
in addition, a variant of the model was developed to
include a light-use efficiency modifier based on varia-
tions in diffuse radiation (3-PGSD, Satellite Diffuse).
Diffuse radiation is derived from remotely sensed esti-
mates of the fraction of photosynthetically active radi-
ation (fPAR). Although the importance of diffuse light
has been recognized by the agricultural community for
many years, its effects had not yet been explored with
large-scale terrestrial primary production models. In
this paper, the theory behind the use of diffuse light
in ecosystem production modelling is examined. Sim-
ulated estimates of monthly forest growth parameters,
net primary production and ecosystem dynamics from
both the 3-PG and 3-PGSD models are compared and
contrasted. The merits of big-leaf models incorporating
the effect of diffuse light dynamics versus more com-
plex canopy layer and parameter-intensive models for
ecosystem productivity assessment are discussed in re-
lation to these results. This research also provides valu-
able information into modelling of tropical rainforest
growth and productivity given there is a lack of knowl-
edge and literature on the systematic assessment of the
carbon pools and fluxes in these regions.
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The basic assumption of this study is that a stochas-
tic model can reproduce the variability in ampli-
tude and the long-range correlation observed in den-
drochronological data. The model is tested for four
chronologies from the International Tree Ring Data
Bank. For the four samples, we show that the power-
spectra follows a power law behavior with scaling ex-
ponents close to 0.6. For the four samples, we have
found that non-Gaussian distributions, i.e., the Levy
distributions, are better suited to describe the tempo-
ral variability of the ring index. We also show that a
stochastic characterization of the ring index based on
a Gaussian distribution fails to capture the temporal
variability observed in the original samples: especially,
the ’extreme’, large values. The results obtained for
the samples suggest that some features of the complex-
ity recorded in tree ring indices are universal and can
be modeled accordingly. If this is proven correct, this
will imply that the temporal variability and the long-
range correlation of tree ring indices can be described
with the help of five parameters: a scaling exponent
controlling the spatial correlation and the four param-
eters of the Levy distribution constraining the temporal
variability. We suggest that we can use these inferences
as proxies of climatic variability for the assesing of ex-
treme weather events in a changing climate.
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Small island states are especially vulnerable to cli-
mate change and the associated impacts to freshwa-
ter resources. A methodology is proposed to evaluate
freshwater resources and the related sustainability is-
sues on small islands. Tools that can be used to evalu-
ate freshwater resources include return period analysis
for wet and dry cycles of precipitation and historical
long-term analysis of temperature, precipitation, and
sea level rise over the record of available data. Ad-
ditionally, focused analysis on time periods of concern
can be performed. This includes development of a wa-
ter budget to identify critical shortfalls in water supply.
Sea-level rise is a particular area of concern to small
island states because for some, much of the land area
is only 3-4 meters above the present mean sea level.
Sea level rise projections, along with critical tidal level
evaluation and historical shoreline erosion rates, can
help small islands examine how these factors will af-
fect freshwater resources. Finally, an examination of
the combined effects of climate change and other stres-
sors to the future status of freshwater resources can
be performed. This will help small island states adapt
strategies and respond to the projected future status of
their freshwater resources.
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Natural processes that relate to climatic variability
(such as air circulation, air-water and air-soil energy
exchanges) contain inherently stochastic components.
Spatiotemporal random fields are frequently employed
to model such processes and deal with the uncertainty
involved. Covariance functions are statistical tools that
are used to express correlations between process values
across space and time. This work focuses on a review
and visual representation of a series of useful covari-
ance models that have been introduced in the Mod-
ern Spatiotemporal Geostatistics literature. Some of
their important features are examined and their appli-
cation can significantly improve the interpretation of
space/time correlations that affect the long-term cli-
matic evolution both on a local or a global scale.
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As a European record-breaking summer draws to an
end, climate ‘stakeholders’ are actively planning for the
future, presenting the climate research communtiy with
a new challenge. Today’s coastal and water-supply en-
gineers do not need ‘projections’ of how the climate
might respond to rising levels of greenhouse gases, no
matter how detailed and realistic. Rather they need
to know what changes can be ruled out at a given
level of confidence. This is probabilistic climate fore-
casting. The correct procedure for probabilistic cli-
mate forecasting begins with a perturbation analysis
of the model to identify consistent relationships be-
tween observable quantities and forecast variables of
interest(this is reffered to as: ‘mapping the response
manifold’). The resulting ensemble is weighted to ac-
curately represent both current knowledge and uncer-
tainty in observations and then used to infer future cli-
mate change. Mapping the respons manifold in a full-
scale, non-linear climate model is a formidable chalenge
well beyond the capabilities of conventional supercom-
puting resources. Today the only adequate resource of
this scale is presented by the joint idle processing ca-
pacity of home and desktop computers of the general
public: this is the climateprediction.net approach.

URL: http://www.climateprediction.net/index.php
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‘We have revised the method for estimating the un-
certainty in climate system properties from Forest et
al. (2002). To apply a fully Bayesian approach, we
first approximate the response of the MIT 2DLO cli-
mate model with a statistical model that provides a re-
sponse surface in the uncertain parameter space. The
three-dimensional parameter space is defined as climate
sensitivity (S), rate of deep-ocean heat uptake (Ky),
and the net aerosol forcing (Fger) and have been iden-
tified as the three major uncertain quantities that af-
fect the ability to simulate accurately the 20th century
climate record. The availability of this response surface
permits one to perform a full Markov-Chain Monte-
Carlo (MCMC) sampling of the joint posterior distri-
bution of the parameters. This approach facilitates the
testing of methodologies for performing the more com-
putationally intensive project using the complete MIT
2DLO climate model, which is infeasible with current
computer resources.
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An unprecedented climatic anomaly occurred in the
tropics and in the Northern Hemisphere in 1940-1942.
During a strong and prolonged El Nifio [Bigg & Inoué,
QJRMS 118 (1992), 125], extremely cold winters were
observed in Europe, accompanied by very warm tem-
peratures in Alaska and large parts of the Arctic and
a cold North Pacific. The anomalies were strong (com-
prising the two coldest European winters of the 20th
century) and extraordinarily persistent. In addition,
exceptionally high values of total ozone are reported
[Langlo, Geofys. Publ. 18/6 (1952)], pointing to an
anomalous stratospheric circulation. Events of this
magnitude have a strong economical and environmental
impact; the 1940s anomaly even affected World War II.
Studying this anomaly in detail contributes to (1) doc-
ument the extent of 20th century climate variability,
(2) understand large-scale coupling processes between
the tropics and the extratropics and between the tropo-
sphere and the stratosphere and (3) develop tools to an-
alyze past upper-level climate variability prior to 1948,
i.e., the reanalysis period. For this study we have com-
piled, digitized, and re-evaluated several tens of thou-
sands of temperature and pressure profiles from aircraft
and radiosonde ascents up to 50 hPa [Brénnimann, Int.
J. Clim. 23 (2003), 769]. The upper-air data were sup-
plemented with data from the Earth’s surface and used
to statistically reconstruct monthly upper-level fields
for the extratropical Northern Hemisphere up to 100
hPa [Brénnimann & Luterbacher, Clim. Dyn., submit-
ted]. Although the quality of the reconstructed strato-
spheric fields is not comparable to more recent data,
it is sufficient to allow a broad characterization of the
circulation at 100 hPa during the early 1940s. In addi-
tion to upper-air data, several total ozone series from
the 1940s were re-evaluated [Brénnimann et al., QJRMS
129 (2003), 2819], providing further information on the
stratosphere. In this paper we present an analysis of
these new data sets and compare the results to cli-
mate model data. It is demonstrated that the climate
anomaly at the ground was accompanied in the lower
stratosphere by a weak polar vortex and warm temper-
atures over the polar region, Eurasia, and the North
Pacific. The total ozone data show a peak in 1940-1942
in all available records, at sites as far apart as China,
North America, central Europe, and the Arctic. The
co-occurrence of warm tropical SSTs (due to El Nifo),
a weak polar vortex and warm lower stratosphere over
polar regions, and a total ozone increase is in agreement
with findings by van Loon and Labitzke [Mon. Wea. Rev.
115 (1987), 357]. Using the 290-yr control run of the
Community Climate System Model CCSM-2.0 provided
by UCAR we show that such large-scale coupling events
are related to an exceptionally large difference between
tropical and northern-extratropical SSTs such as dur-
ing strong El Nifios. The coupling most likely proceeds
through a change in planetary wave activity in the
northern extratropics that manifests itself in a strong
Aleutian low and a weak Icelandic low and in a dis-
turbance of the polar vortex in the stratosphere. The
1940-1942 climate anomaly is not well known among
scientists, but it is unprecedented in strength, yet ex-
emplary in character, providing a unique opportunity
to study large-scale climate variability.
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Geological storage of anthropogenic point-source
CO2 is an increasingly important strategy for mitiga-
tion of greenhouse-gas emissions. Much research has
focused on the costs of capture, with the assumption
that storage options would be relatively cheap, plenti-
ful and would be located in close proximity to future
CO2 point sources. But, capture and disposal will take
place at the local and regional scale and it must com-
pete with other mitigation options. In this paper we
provide an initial examination of the consequence of
regionally disaggregated sources and sinks of carbon
within the context of a globally disaggregated, long-
term analysis of both the geology and the economics of
carbon capture and disposal. In our analysis, we as-
sume that large volume COZ2 point sources will seek to
sequester their CO2 in regional reservoirs. We consider
sedimentary basins on land and continental shelves. We
examine options for saline aquifer, enhanced oil recov-
ery (EOR), and coal storage based on calculated vol-
umes and costs. Shelf and land options are treated
as separate options, and very deep saline aquifers are
also treated separately. Sedimentary basins are counted
as targets broadly, while cratonal areas are excluded.
Within basins, pore-volume estimates are made for tar-
gets below the critical point of CO2 assuming typical
crustal heat flux and lithostatic pressure. By subdivid-
ing the globe into 14 economic provinces as defined by
the MiniCAM energy and economic integrated assess-
ment model, we are able to make regional estimates of
sequestration loads (i.e., the amount of carbon need-
ing to be sequestered in any time period) and the eco-
nomic implications of this the degree to which there
these candidate reservoirs are available in the region.
Our preliminary analysis suggests that some regions
will see their ability to deploy capture and disposal
systems constrained by a lack of quality target reser-
voirs relative to major sources and population centers
in that region, while other regions appear to have suf-
ficient disposal capacity to easily carry them through
this century. We examine the regional and global eco-
nomic implications of the distribution of these sources
and sinks in meeting various potential limits to CO2
concentrations in the atmosphere. We also examine the
degree to which the relative abundance of CO2 capture
and disposal opportunities in a region influences the
adoption of other emissions mitigation technologies.
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