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UL5/07A/D32-001
MODELING OF THE EARTH'S DYNAMO

0800

Gary A. GLATZMAIER (University of California)

It has been nearly a decade since the first three-dimensional (3D)magnetohydrodynamic
computer models produced simulations of convection and magnetic field generation in the
Earth’s core. Since then several research groups around the world have developed similar
models of the geodynamo. All of these produce dipole-dominated magnetic fields outside the
core that resemble the geomagnetic field. The non-dipolar part of these simulated magnetic
fields drifts westward, like the Earth’s, and in some models the axial dipole part occasionally
and spontaneously reverses. Some models also predicted the eastward super-rotation of the
solid inner core that was subsequently inferred from seismic analyses, although early
estimates of the amplitude of this rotation rate may have been too large. These highly
nonlinear simulations have confirmed the basic concepts of geodynamo theory, i.e., that a
magnetic field like the Earth’s can be generated by convection in the Earth’s core. They
have also provided much greater insight into the details of how the geodynamo may be
operating. However, our understanding of the geodynamo is far from complete. No global
geodynamo simulation has yet been able to computationally afford the spatial resolution
required to simulate turbulent convection, which surely must exist in the Earth’s low-viscosity
fluid outer core. They all employ greatly enhanced “eddy“diffusivities to stabilize the low
resolution numerical solutions and crudely account for the transport and mixing by the
unresolved(subgrid scale) turbulence. Consequently the simulated convection in current
models is very laminar, having only large spatial scales instead of a broad spectrum of
turbulence. So, how robust are the results of the current geodynamo models? We will not
know until the next generation of geodynamo models are able to run at much higher spatial
resolution and much lower viscosity, which will require better numerical methods and
computers. In the meantime we can get some insight by testing two-dimensional (2D)
magnetoconvection models, which, although lacking the correct geometry, can simulate
strong turbulence. Current 2D tests reveal new important sources of vorticity and Alfven
waves that are suppressed in current 3D geodynamosimulations. This new vorticity will play
an important role in the generation of magnetic field; the high frequency Alfven waves will
require more sophisticated numerical methods. Movies of both 3D and 2D simulations are
presented that illustrate these issues.

us Monday, July 7

STRUCTURE AND DYNAMICS OF THE EARTH'S INTERIOR
Location: Site D, Room 32

Monday, July 7 AM

U5/07A/D32-001 0900

THE EARTH'S CORE: AN APPROACH FROM FIRST PRINCIPLES
G. David PRICE, L. VOCADLO, D. ALFE, M.J. GILLAN (UCL)

The Earth's core is largely composed of iron (Fe). The phase relations and physical
properties of both solid and liquid Fe are therefore of great geophysical importance. As a
result, the properties of Fe have been extensively studied experimentally over the past fifty
years. However, achieving the extreme pressures (~350 GPa) and temperatures (~6000K)
found in the core provide a major experimental challenge, and it is not surprising that there
are still considerable discrepancies in the results obtained by different experimental
techniques. In the past fifteen years quantum mechanical techniques have been applied to
predict the properties of Fe. Here we review the progress that has been made in the use of
first principle methods in the study of Fe, and focus upon (i) the structure of Fe under core
conditions, (ii) the high-P melting behaviour of Fe, (iii) the thermodynamic properties of
hexagonal close packed (hcp) Fe, (iv) the rheological and thermodynamic properties of high-
P liquid Fe, and (v) the composition and thermal structure of the inner and outer core.

U5/07A/D32-002
CORE-MANTLE BOUNDARY INTERACTIONS

0930

Bruce BUFFETT (Department of Geophysical Sciences, The University of Chicago)

The interface between the core and the mantle defines a dramatic change in physical and
chemical properties. The mantle side is composed of a crystalline silicate that slowly creeps
under stress, whereas the core side is comprised of a liquid iron alloy with a viscosity
comparable to that of water. Convection in each region creates two giant heat engines,
which power plate tectonics in the mantle and generate the magnetic field in the core. These
two heat engines can interact at the core-mantle boundary in a variety of ways. Current
speculations can be divided into mechanical, thermal and chemical interactions. Mechanical
interactions permit an exchange of angular momentum between the core and the mantle,
which is detectable as a fluctuation in the rotation of the Earth’s surface and may offer clues
about the dynamics of the core. Thermal interactions arise mainly from non-uniform heat flow
across the core-mantle boundary, profoundly affecting convection in the core and possibly
influencing the rate of magnetic reversals. Chemical interactions can result from chemical
reactions between the silicate and iron, or may simply reflect the ongoing differentiation of
the Earth. An enrichment of Os isotopes in some mantle plumes is often cited as evidence
for an exchange of mass between the core and the mantle. Efforts to unraveling the nature
and consequences of these interactions are guided by parallel efforts to interpret the
structural complexity of the boundary region. Seismic tomography models of the mantle
provide evidence of large-scale chemical heterogeneity in the lowermost mantle. More
extreme variations in seismic-wave speed have been detected in thin layers at the base of
the mantle, called ultra-low-velocity zones (ULVZ). A survey of recent advances in our
understanding of structural complexity at the core-mantle boundary is used to motivate
discussion of the possible causes and consequences of core-mantle interactions.
Suggestions for future work is presented.

UNION

U5/07A/D32-003
CORE-MANTLE BOUNDARY STRUCTURES AND PROCESSES

1030

Thorne LAY', Edward J. GARNERO? ('Earth Sciences Department, University of California, Santa
Cruz, "Department of Geological Sciences, Arizona State University)

The lowermost mantle is now recognized as one of the most heterogeneous regions within
the Earth. The presence of a large temperature increase across a thermal boundary layer at
the base of the mantle has long been inferred based on estimates of the geotherm. The
recent seismological observations of intermittent 10 to 30 percent reductions of shear and
compressional velocities near the base of the mantle, often found beneath extensive regions
of 2-3 percent low velocities and negative velocity gradients, raise the possibility that partial
melting takes place in the lowermost mantle, possibly in an (Mg,Fe)O phase. Observations
of shear wave anisotropy in the lowermost mantle are also being mapped out, and the
strength of anisotropy tends to correlate with increasing shear velocity anomaly on both
regional and global scales. Experimental efforts suggest that it is again the (Mg,Fe)O
component of the lower mantle that is the likely cause of these observations, as suitable slip
systems develop in that mineral at high pressures that can be reconciled with the
predominantly transverse isotropy observed in the boundary layer. The possible presence of
partial melting, with resultant viscosity reductions, coupled with the interpretation of
dislocation glide mechanisms for producing anisotropy in relatively cool, high velocity areas,
provide new perspectives and constraints on boundary layer dynamics at the core-mantle
boundary. Continued mapping of lower mantle stratification in the form of P and S wave
velocity discontinuities several hundred kilometers above the core-mantle boundary
suggests very widespread occurrence of this complexity, which is not uniquely associated
with regions of possible mantle downwellings inferred from mantle seismic tomography.
Small scale undulations in the reflectors, which appear to involve as much as 100 km of
topography over length scales of 250 km laterally appear to preclude explanation of these
features as phase changes, and tend to favor interpretations in terms of chemical
heterogeneity. Regions with stronger S velocity reductions than P velocity reductions than
can be attributed solely to temperature or even partial melting also favor the notion of strong
chemical heterongeneity in the core-mantle boundary transition zone. Whether this region
serves as a reservoir for volatiles and or slowly recycled slab components continues to be a
hot debate.

U5/07A/D32-004
SEISMIC MANTLE STRUCTURE: TRAJECTORY OF MANTLE FLOW

1100

Yoshio FUKAO (Earthquake Research Institute, University of Tokyo (also at IFREE/JAMSTEC))

The three-dimensional structure of the mantle has been revealed by global seismic
tomography, and used as a basis for extensive discussion of the mantle flow field. Mantle
down flow manifests itself as plate subducton, whereas plate accretion is a shallow process
that is different in nature from large-scale mantle upwelling. We review the seismic imaging
of plate subduction, and discuss its implications for mantle down flow. The review results can
be summarized as follows. 1)Subducted slabs generally extend further than the leading edge
of the deep seismic zone. 2)This aseismic portion tends to flatten in the upper and lower
mantle transition region, either above, across or below the 660-km discontinuity. 3)There is
little indication for direct slab continuation down to the deep lower mantle far beyond the
transition region. 4)The subducted slabs imaged in the deep lower mantle are e.g. those of
the Farallon and Indian plates, which are separate entities from the presently active surface
plates. The slab images summarized above indicate a stagnant nature of mantle down flow
in the transition region and its possible role in plate tectonic history, particularly in the global
change of plate motions e.g. in the Eocene. Recognizing that the slabs imaged in the
transition region post-date the Eocene plate reorganization, slab subduction has a role of
mass injection into the mantle transition region, which must induce a counter flow to carry
transition region material upward. This counter flow may need to be taken into account in
order to understand magmagenic processes in island arcs. We report clear evidence of a hot
anomaly (negative P-velocity anomaly with a depression of the 400-km discontinuity) on the
oceanic side of the subducted slab that may be associated with this counter flow. We also
report evidence of oceanic crust residing near the bottom" of the slab image at depths below
the 660-km discontinuity, suggesting a density reversal in the slab between its crustal part
and mantle part upon phase transformations at the 660-km discontinuity, and their
subsequent overturn within the softened slab body."

U5/07A/D32-005
MANTLE CONVECTION AND GEOCHEMICAL CONSTRAINTS

1130

Yanick RICARD (Laboratoire de Sciences de la Terre, Ecole Normale Superieure de Lyon)

Although more and more robust evidence of whole mantle convection comes from seismic
tomography and geoid modelling, the rare gases and other isotopic or trace element
signatures of MORB and OIB indicate the presence of various isolated geochemical
reservoirs in the mantle. We discuss this discrepancy etween the fluid dynamic views of
mantle convection and the chemical observations. It has often been argued that an increase
of viscosity with depth could be responsible for some stratification of the mixing properties of
the mantle. We test this assumption by means of 2D and 3D models of convection and
conclude that a viscosity layering does not induce any vertical stratification of the mixing
properties of the mantle (at least for a viscosity increase with depth lower than by a factor
~200). We discuss the possibility to hide geochemical heterogeneities into the deep mantle in
the form of an isolated primitive or enriched reservoir. To be stable and not to be advected
by convection, this reservoir has to be denser and with a low thermal expansivity. These two
conditions are present in D” and seem difficult to hold in the mid lower mantle. We use
mineralogical data to constrain the density of the oceanic crust and lithosphere in the lower
mantle. We suggest that a significant part of the subducted oceanic crust transformed into
dense eclogitic assemblages, partially segregates to form a D” layer growing in time. This D”
layer would trap a significant amount (1/3) of the Earth's radioactive and incompatible
elements. A complementary cold and depleted harzbugitic lithosphere remains above. The
hotspots would tap in variable proportions material from both the residual deep mantle and
D”. The difference between HIMU and awaiian basalts is attributed to HIMU being mostly
from the strongly degassed oceanic crust, though enriched in incompatibles (D”), while
Hawaii is mostly from MORB-source residuals variably degassed and depleted. We will
discuss quantitatively the geochemical implications of this models by means of both box-
models and fluid dynamic simulations.
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THE GRAVITY FIELD OF THE EARTH DETERMINED BY NEW
SATELLITE MISSIONS
Location: Site D, Room 32

UL6/09A/D32-001 0810
THE GRAVITY FIELD OF THE EARTH DETERMINED BY NEW SATELLITE MISSIONS

Christoph REIGBER (GeoForschungsZentrum Potsdam, Department 1 Geodesy & Remote

Sensing"")

The Earth is a highly dynamic planet, undergoing perpetual change, driven by internal and
external forces, and shaped by interactions between its geosphere, hydrosphere,
atmosphere and biosphere on diverse spatial and temporal scales. Variations of the land
topography, sea level, ice sheets, the water table and changes of the atmosphere can be
observed all the times. Phenomena such as core dynamics, mantle convection and plate
tectonics characterize changes taking place in the Earth’s interior. All these phenomena are
associated with mass movements and lateral density variations , manifested in spatial and
temporal variations of the Earth's gravitational field. After remarkable achievements in static
gravity field modeling over the last four decades, the new millennium with its just started
sequence of dedicated gravity satellite missions shows great promise for order of magnitude
improvements of the global mean gravity field modeling and for unravelling the temporal
variability of the field. The recently launched German mission CHAMP (2000), the
American/German mission GRACE (2002) and the European Space Agency future mission
GOCE (2006) provide a progressive increase in gravity field resolution and accuracy. This
will allow for the first time- in combination with other geophysical data- comprehensive
experiments for imaging and modeling complex Earth structures and processes and to carry
out detailed studies of gravitational signals associated with mass exchange between the
solid Earth and the hydrological, oceanic and atmospheric components of the Earth system.
The striking results obtained from the CHAMP mission data and the very promising initial
results from the GRACE twin satellite observations prove that with advanced satellite and
sensor technology a permanent high precision monitoring of the global gravity field from
space is feasible. Such a permanent monitoring with improved spatial as well as temporal
resolution is urgently needed within various fields of environmental and global change
monitoring and prognostics. The lecture will highlight the space gravity results obtained so
far from the two successfully operating new missions CHAMP and GRACE, will demonstrate
on the basis of a few examples the impact gravity modeling improvements can have on our
improved understanding of geo-processes and will give an outlook on plans and prospects
for further gravity improvements from space.

U6 Wednesday, July 9

NEW SENSORS OF OUR PLANET. WHAT IS POSSIBLE
Location: Site D, Room 32

Wednesday, July 9 AM

U6/09A/D32-001 Invited 0910
HIGH-RESOLUTION GRAVITY MAPPING: THE NEXT GENERATION OF SENSORS

Christopher JEKELI (Geodetic Science, Ohio State University)

Gravity sensors have long been used to infer Earth's mass density variations at all spatial
scales. Instruments on airborne platforms are now commonly employed for oil exploration
and geoid modeling. Satellite systems (GHAMP and GRACE) have recently been launched
and new missions are in development (GOCE) to map the gravity field globally up to
resolutions better than 100 km. In addition, the precision of these space-borne sensors is
sufficient to discern the monthly (and longer-term) temporal variations of the field, thus
enabling improved modeling of the time variations in continental hydrology, sea level, polar
ice mass, and ocean bottom pressure. Improvements in terrestrial instrumentation, primarily
in gravity gradiometry, portend similar capabilities at much finer spatial scales. Regional
temporal variations in the continental water storage, and the crust's vertical motion
associated with earthquakes, volcanic eruptions, and extractions of water and oil deposits,
can all potentially be detected with new gradiometers currently under development. One of
the leading technologies is based on the cold-atom interferometer that uses the wave-like
properties of laser-cooled atoms to infer their acceleration in a gravitational field. In all cases
of sensors deployed on a moving platform, Einstein's Principle of Equivalence (of inertial and
gravitational mass) confounds the separation of gravitational quantities from kinematic
accelerations (linear and/or angular). This paper gives a statistical analysis of gravitational
signals and errors of current and future moving-base sensors and provides an outline of
capabilities, limitations, and requirements for applications in geodesy and geophysics.

U6/09A/D32-002 Invited 0935

STUDIES OF EARTH'S CORE AND MANTLE USING SATELLITE MAGNETIC FIELD
MEASUREMENTS

Catherine G. CONSTABLE (Scripps Institution of Oceanography)

Satellite magnetic field measurements provide a global view of the geomagnetic field.Vector
field missions typically consist of a fluxgate magnetometer combined with a star camera to
determine attitude of the spacecraft, GPS for positioning, and a scalar magnetometer for
calibration of the vector field instrument. From late 1979 the Magsat mission provided vector
magnetic fieldmeasurements for a period of about six months: prior to that several satellites
had carriedscalar magnetometers. Following a 20 years hiatus, there arecurrently several
magnetometry satellites are in near-Earth orbit. The measured magnetic field is an admixture
of all field sources: external, ionosphere, crust, mantle,and core. It remains a significant
challenge to separate the relevant contributions to study aspectsof interest here: these are
(1) the field generated in Earth’s core and associated secular variations thatprovide a view of
the workings of the geodynamo, and (2) fields induced in Earth’s mantle by externalmagnetic
variations; these are used in studies of electrical conductivity. Crustalmagnetization, itself a
major topic of geophysical interest, contributes significantly to the measured field,and must
be considered in attempts to isolate the fields in both core and mantle. Modeling the core
field and its variations relies on identifying quiet measurementsthat are minimally perturbed
by external field variations, and solving Laplace’s equation in a fieldfree region. Under the
assumption thatEarth’s mantle is source free with zero electrical conductivity, such models
are downward continued tothe core surface.Additional assumptions are invoked to estimate

B.2
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the fluid flow at the core surface. Newsatellite measurements provide an unprecedented
view of changes in the core overthe past 20 years; further measurements will allow
identification of the temporal spectrum of thesecular variation. Secularchanges are coupled
to changes in length of day, and recent modeling of torsionaloscillations in the core can
provide an explanation for the abrupt changes in the fieldknown as geomagnetic jerks.Mantle
induction studies require a comprehensive approach to magnetic fieldmodeling. Unwanted
internal field contributions must be removed yielding time seriesof external variations and
their induced counterparts: improved modeling, combined with the increased accuracy
inmeasurements, and longer term magnetic measurements make conductivity studies
feasible with modern satellites.The one-dimensional global conductivity response has been
estimated under strong assumptions about the structureof the source field. Ongoing
improvements to this work will take account of more complicated source-fieldstructure,
three-dimensional Earth structure, and spatio-temporal aliasing due to satellite motion.
Modeling ofthree-dimensional near surface conductivity structure, and the use of time-
domain rather than frequency-domaintechniques to estimate the 3-D Earth response are
needed. Progress in this area is likely to be furthered byfuture magnetometer missions that
involve multiple satellite configurations.

U6/09A/D32-003 Invited
DENSE GPS ARRAY: NEW VERSATILE SENSOR OF THE EARTH

1000

Kosuke HEKI (Div. Earth Rotation, National Astronomical Observatory)

Dense GPS arrays (average distances of a few tens of kilometers) in regional/local scales
would be one of the most versatile tools to sense our planet. Densification of the GPS
stations enhances the chance of detecting co- and postseismic crustal deformation from
short distances, and provides important information on plate dynamics near boundaries. As
for seismology, GPS detected earthquakes too slow to be detected by seismometers, and
rapid sampling was found useful to record ground displacements when seismic waves pass
by. GPS is also useful to monitor volcanic activities, but recent experiences suggest it
necessary to deploy even denser networks temporarily to detect useful signals. Delays of
GPS signals in propagating media are rich in information on atmospheric water vapor, which
has been found to improve numerical forecast of strong rainfalls. lonospheric delays are
important to study upper atmospheric dynamics, and GPS-derived ionospheric models offer
a convenient way to remove ionospheric effects from radio tracking data of spacecraft. By
analyzing periodic components in GPS station coordinates, we can study seasonal
hydrological cycles in soil, accumulation of snow loads on the surface, etc. in a scale too
small to be detected by current accuracy of satellite gravity missions such as GRACE. In
this study | review examples of multi-disciplinary applications of the Japanese dense GPS
array, GEONET, and addresses its future prospects in various fields such as seismology,
volcanology, meteorology, hydrology, tectonics, etc..

U6/09A/D32-004 Invited 1050

4-D IMAGING OF THE EARTH'S SUBSURFACE USING INSAR: MOVING BEYOND THE
SINGLE INTERFEROGRAM

Howard A. ZEBKER (Department of Geophysics, Stanford University)

Interferometric synthetic aperture radar (INSAR) techniques are perhaps the most exciting
advance in geodesy in the past decade. The ability to map surface deformation at fine
resolution over wide areas has led to many new insights into geophysical processes. Most
studies to date have resulted from analysis of a single radar interferogram, and permit
identification of subsurface phenomena such as fault slip, magma chamber inflation, or
dynamics of the polar ice sheets. The ready availability of multiple data sets, as afforded by
ERS or other spaceborne sensors, coupled with the decrease in computational and data
storage costs, now allows analysis of time series data the examination of how deformation
patterns change with time. These 4-D images present much more information about how
processes at depth evolve and are more predictive about future events, an important
capability for observing natural hazards such as earthquakes and volcanic activity. Special
filters may be devised to discriminate steadily changing deformation patterns from those that
are more episodic in nature. We review here results from several techniques based on
temporal analysis of interferograms, including faulting on active volcanoes, pore fluid
migration due to changes in seismic stress, hydrologic aquifer analysis, and permanent
scatterer analysis of tectonic deformation.

U6/09A/D32-005 Invited
REMOTE SENSING OF SOIL MOISTURE AND SOIL WATER STORAGE

1115

James S. FAMIGLIETTI (Department of Earth System Science, University of California, Irvine)

Mass movements in the global water cycle are fundamental Earth system phenomena. In
particular, changes in the amount of water stored on land are critical indicators of global
change, and have important feedbacks to the climate system. Recent advances in space
observations of terrestrial hydrology now make satellite observations of terrestrial water
storage variations possible. In particular, microwave radiometers such as AMSR, AMSR-E,
TMI and SSM/I can provide information on soil moisture storage in the surface few
centimeters of the soil, while GRACE can provide information on variations in total terrestrial
water storage variations. The two types of information play complementary roles in
understanding the distribution of water on land, both laterally and vertically. This
presentation will review the state-of-the-art in water storage monitoring using both
microwave and gravity-based sensors. Potential new missions and additional sensors
required for comprehensive monitoring of terrestrial water storage will also be discussed, as
will novel applications of satellite-based water storage observations in an Earth system
context.

U6/09A/D32-006 Invited 1140
WIDE-SWATH ALTIMETRIC MEASUREMENT OF OCEAN SURFACE TOPOGRAPHY

Lee-Lueng FU, Ernesto RODRIGUEZ (MS 300-323 Jet Propulsion Laboratory)

This paper describes a new approach to making altimeter measurements from off-nadir
radar signal returns and its scientific and operational applications. The approach is based
on the technique of radar interferomety and the new instrument is called the Wide-Swath
Ocean Altimeter (WSOA). WSOA is designed to be flown with a Jason-1 class conventional
dual-frequency altimeter system, including a multi-frequency radiometer for the correction of
the effects of water vapor in the troposphere. WSOA will extend the measurement from a
line along the nadir to a swath of 200 km centered on the nadir track. The most important
application of WSOA is to provide the first synoptic maps of the global oceanic eddy field.
The strong currents and water property anomalies (in temperature, salinity, oxygen, etc.)
associated with ocean eddies are a major factor affecting the oceanic general circulation and
maritime operations such as offshore oil drilling, ship routing, fisheries, marine debris
dispersion, etc. WSOA is expected to be an essential part of the future ocean observing



system for addressing these applications. WSOA will also provide measurements that allow
the monitoring and study of coastal currents and tides that affect the lives of half of the
world’s population.

U6/09A/D32-007 Invited 1205

GLOBAL NAVIGATION SATELLITE SOUNDING (GNSS) OF THE ATMOSPHERE AND
GNSS ALTIMETRY: PROSPECTS FOR GEOSCIENCES

Thomas P. YUNCK (Jet Propulsion Laboratory)

With the emergence of large-scale geodetic ground networks, both regional and global, and
affordable spaceborne GNSS scientific receivers, space geodetic techniques are finding
diverse and unexpected new applications in many areas of Earth remote sensing. Basic
GNSS navigation receivers are now all but indispensable to low earth orbiting missions of all
kinds. Science applications of spaceborne GNSS today include centimeter-level precise orbit
determi-nation for gravity mapping, ocean altimetry, geocenter detection, and enhanced
global geodesy; high resolu-tion 3D imaging of the global ionosphere; occultation limb
sounding to recover precise profiles of atmospheric refractivity, density, pressure,
temperature, water vapor, and geopotential heights; and the experimental detection of GNSS
ocean reflections for direct ocean altimetry and scatterometry. In the past five years there
has been an explosion in the use of both ground and spaceborne geodetic receivers for
direct sensing of the atmosphere to provide data for weather prediction and research in
global climate change.Atmospheric applications of space geodesy are generating increasing
scientific interest. Dense GPS networks in Japan, North America, Scandinavia, Europe, and
elsewhere are now routinely providing data for assimilation into daily weather forecasts. A
constellation of six orbit-ing occultation receivers, such as the COSMIC mission to be
launched in 2005, can measure atmospheric refractivity with a precision equivalent to 0.1 K
in temperature within a climate region correspond-ing to 1/30 the earth's surface, with just a
few weeks of data. Vertical resolution can reach below a hundred meters. This offers
perhaps the most promising approach yet to detecting and discriminating among subtle
forced climatic signals, which may amount to only a few tenths of a Kelvin average
temperature change per decade. More speculative, but having equally great potential, is the
detection of GNSS reflections from the surface, primarily oceans and ice. This bi-static radar
technique can be used, for example, to determine sea surface topography, significant wave
height, surface winds, and possibly sea surface temperature and salinity, and could become
valuable for monitoring the evolution of ice sheets. The technique is already practical from
airborne platforms. With the prospect of substantially increased signal strength in the next
decade from both GPS and Galileo, it may soon become a reality from space as well. This
presentation will survey the techniques and Earth science applications of GNSS atmospheric
sounding and bi-static radar, and will describe promising developments for the future.

u7z Friday, July 11
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U7/11A/D32-001 0900

THE INTERNATIONAL ASSOCIATION OF GEODESY 1862 - 1916: FROM A REGIONAL
PROJECT TO AN INTERNATIONAL ORGANIZATION

Wolfgang TORGE (Institut fuer Erdmessung, Universitaet Hannover)

Modern geodesy started in the 18th century with the French arc measurements, which
proved the spheroidal shape of the Earth postulated for an equilibrium figure. These large-
scale operations naturally required international collaboration, and continued in many parts
of the world until the 20th century, mostly within the frame of national geodetic surveys.
Around 1850, extended latitude arc measurements existed in western Europe, in Russia, in
India and elsewhere. Central Europe, on the other hand, was characterized by a number of
astronomical observatories and local triangulations, but due to the political splitting up these
surveys were not connected to a large-scale network, and could not be used for the
investigation of the Earth's curvature. It was at this point, where the geodesist and retired
Prussian General Johann Jacob Baeyer started in 1861, by submitting a memorandum on
the establishment of a Central European arc measurement. The aim of this proposal was to
connect the astronomical observatories by existing and planned triangulation networks in
order to determine the regional and local curvature anomalies produced by the gravity field.
The King of Prussia approved this plan, and by the end of 1862 already fifteen European
states had affirmed their participation in the “Central European Arc Measurement”. A first
General Conference of this organization took place in Berlin in 1864, and fixed both the
organisational structure and the research programme, which included the systematic
investigation of the deflections of the vertical at all principal triangulation points, the
determination of the intensity of gravity and the standardisation of the measurement units. It
is notable that this organisation had a governmental character, but was composed by well-
known geodesists and astronomers. With Baeyer as its first President, the organisation soon
expanded into the “European Arc Measurement”, and the Prussian Geodetic Institute
established in 1870 was entrusted with the operation of a Central Bureau. After Baeyer's
death, Friedrich Robert Helmert became in 1886 Director of the Geodetic Institute and of the
Central Bureau, and with the extension to the “Internationale Erdmessung” (Association
Internationale de Géodésie), the scientific programme was essentially broadened and
extended over the whole Earth. Among the major achievements of this Association are the
International Meter Convention and the adoption of the Greenwich Meridian as initial
meridian for longitude and time, the establishment of the International Polar Motion Servic
and of the Potsdam Gravity System, the determination of gravity values and deflections of
the vertical in many regions of the world, investigations on mean sea level, on the geoid and
on isostasy, as well as observations of the Earth tides. In 1916, the last intergovernmental
agreement for the “Internationale Erdmessung” lapsed and was not renewed, which ended
the first fruitful period of unternational cooperation in geodesy, although several neutral
states continued some of the programmes, especially the polar motion observations. When
the International Union of Geodesy and Geophysics was established in 1919, geodesy
became one of its sections, which started the second period of the International Association
of Geodesy.

U7/11A/D32-002 Invited
GRAVITY MEASURING INSTRUMENTS AND GRAVITY REFERENCE SYSTEMS
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James E. FALLER (JILA, National Institute of Standards and Technology and University of
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Colorado)

This paper will describe, in a historical context, gravity measuring instruments and gravity
reference systems. The use of pendulum (for relative and absolute measurements), spring-
type gravity meters (for measurements on land and at sea) and the development of free fall
gravimeters (for absolute measurements) will be discussed. Historic and present-day gravity
reference systems, based on measurements made with these various types of instruments,
will also be discussed. The development of these instruments and the creation of these
reference systems made possible by evolving instrumental and calculating capabilities as
well as the active support and encouragement of the IAG.

U7/11A/D32-003 Invited 1000

HISTORY AND FUTURE OF THE SERVICES OF THE INTERNATIONAL ASSOCIATION
OF GEODESY (IAG)

Gerhard BEUTLER', Hermann DREWES?, Andreas VERDUN' (Astronomical Institute, University of
Bern', Deutsches Geoditisches Forschungsinstitut?)

Towards the end of the 19th century astrometric observations could be made with an
accuracy of a few tenths of an arcsecond. The accuracy stayed roughly on this level, till the
space age opened the door for milliarcsecond (mas) astrometry. Astrometric observations
allowed it at the end of the 19th century to prove the existence of polar motion. The insight
that polar motion is almost unpredictable led to the establishment of the International
Latitude Service in 1899. Similar observation techniques allowed it to create geodetic
networks of continental size.The ILS is but one example for a service working under the
auspices of the International Association of Geodesy (IAG). It was actually succeeded in
1989 by the International Earth RotationService (IERS). The example shows that new
technologies (like distance measurements with Lasers, observations of artificial satellites
using microwave signals, observation of Quasars withradio-telescopes) have significant
impact on the development ofl AG’s service structure.The word ““service”” implies that
products of interest to a broadscientific and other professional communities are generated,
documented, and made available. The services of the IAG are basedon the three pillars of
modern geodesy, namely geometry, gravity, and Earth rotation. The rapid evolution of
measurement techniques (e.g., Laser distance measurements, microwave observations,
etc.) led to the creation of new and abolishment of “old”" IAG services in the twentieth
century. We give an overview of the development of the IAG services in the previous century
and conclude with an outlook on the establishment of IGGOS, the Integrated Global
Geodetic Observation System, which shall be established as IAG’s key project of the
decade. The IGGOS is based on the currently active IAG services. IGGOS intends to make
available geometric and gravimetric products on a relative consistency level of one ppb (part
per billion). These productsare, among other, the scientific backbone for global change
research.

U7/11A/D32-004
HISTORY OF IASPEI
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Eric Robert ENGDAHL (University of Colorado)

When it became evident in the latter part of the 19th century that seismic signals propogate
through the Earth over large distances, the need arose for an international organization to
coordinate, collect and distribute the data, and promote earthquake research. During two
“International Conferences on Seismology”, in 1901 and 1903 in Strasbourg, the
establishment of an”International Association of Seismology” (IAS) was proposed. The
Association was inaugurated in 1904 and joined by 18 nations. In 1919, the International
Union of Geodesy and Geophysics (IUGG) was created with the “Seismological Section” as
one of its founding components. In 1933, the name was changed to “International
Association of Seismology” of the IUGG. In 1951, with the expansion of its scope to include
material properties of the Earth’s interior, it was renamed the “International Association of
Seismology and Physics of the Earth’s Interior” (IASPEI), as it is known today. The
1960 sbrought major changes, and much growth, both to seismology and to IASPEI. In this
presentation IASPEI’s history and those trends that can be seen,retrospectively, to be
important and that have evolved into many of the ongoing activities within IASPEI during the
modern era will be reviewed.

U7/11A/D32-005 Invited 1130

THE INTERNATIONAL SEISMOLOGICAL ASSOCIATION (ISA) - FORERUNNER OF
IASPEI

Johannes SCHWEITZER (NORSAR)

In the 1890s, shortly after the first teleseismic signals could be identified it became evident
that for better results in seismology and earthquake research an international and even
transcontinental cooperation was needed. In 1895, such global cooperation was proposed by
John Milne in England and Ernst von Rebeur-Paschwitz in Germany. After Rebeur-
Paschwitz’s death in 1895, Prof. Georg Gerland from Strasbourg in particular promoted the
idea of an international organization for earthquake research. He invited all seismologists to
the 1st International Seismological Conference in 1901 in Strasbourg. In 1903, a second
conference followed and then in 1904, the International Seismological Association (ISA) was
founded. Until the beginning of World War | in 1914, 23 states joined the ISA as members.
The Central Bureau of the ISA was located in Strasbourg, where Gerland was its director
until his retirement in 1910. After World War |, the ISA ceased to be operational, and was
officially dissolved in April 1922, and in May 1922 at the First General Assembly of the IUGG
in Rome, the new Seismology Section of IUGG was founded, which later became
IASPEI.During the few years of ISA’s existence, its staff in Strasbourg mainly worked on
earthquake catalogues based on instrumental and macroseismical observations,
development and testing of new instruments, installation of seismic stations, research on
distinguished earthquakes, and organizing of international meetings.

U7/11A/D32-006 1150

THE INTRODUCTION AND EVOLUTION OF INSTRUMENTAL SEISMOLOGY IN THE
PHILIPPINE ISLANDS (1865 — 1902)

Josep BATLLO (Dept. Matematica Aplicada I, Universitat Politecnica de Catalunya)

Instrumental seismology in the Philippine Islands started at the Manila Observatory after
1865. Its early development shows some characteristic features: It developed faster than in
Spain (the dominating power at that time)and it is the unique example of development of the
Italian seismological tradition in the Far East. Otherwise, seismological studies on the
colonial Philippine Islands were not reduced to the research done at the Manila Observatory.
Other interesting developments (mainly related to the seismological engineering) took place
at that time. An introductory study,discussion and evaluation of the initial moments of
instrumental seismology in Philippines and related seismological research is presented.
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SHORT HISTORICAL REVIEW ON COOPERATION IN GEOMAGNETISM

Youry P. SIZOV', Thoa Thi Kim NGUEN?, Hao Quang TRUONG?, Chau Ha DUYEN?, Victor
N.BOBROV?, Youry P. TSVETKOV?, Vladislav N. LUGOVENCO" (‘Geoelectromagnetic Research
Institute of RAS, *Hanoi Institute of Geophysics, ‘Institute of terrestrial magnetism, ionosphere and
radio wave propagation of RAS)

The talk presents the main historical milestones of cooperation in Geomagnetism between
academic institutes of Russia, and Vietnam, Mongolia, Cuba, Mozambique, FSU and other
countries of the World (Geoelectromagnetic Research Institute of Russian Academy of
Sciences (RAS), Institute of terrestrial magnetism, ionosphere and radio wave propagation of
RAS and Hanoi Institute of Geophysics of NCNS etc.). To enumeration of milestones it
should be included: Installation and adjustment of 3-component Magnetic Variation Stations
(MVS) at the geomagnetic Observatories (GMO) of Mongolia,Cuba, Vietnam, and all other
above mentioned countries (Ulanbator, Habana, Maputo, Sapa, Dalat, Bac-lieu, Ashgabad,
Almaty, Dusheti, Odessa, Lviv, Kiev GMO, etc). Installation and adjustment of the the MVS
near Hanoi-city; Construction the new GMO in Dalat city (~200 km to North from Hochiminh
city), Installation and adjustment quartz magnetic D, H and Z sensors and registration device
with control at GMO mentioned, absolute magnetometers in Dalat GMO; Construction the
new GMO near the geomagnetic Equator in Bac-lieu, Installation and adjustment the quartz
D, H and Z magnetic sensors and registration device with control in Bac-lieu GMO;
Experimental field missions to collect rock samples for paleomagnetic investigations, to carry
out absolute magnetic measurements of module and components for the magnetic
anomalies investigation. The Main Magnetic Field and Secular variations study; special
missions to investigate the Equatorial lonosphericElectroJets by means of the temporal
magnetic stations meridian chain (additionally to the Vietnam all GMO net) on the base of
MVS and proton magnetometers. This permitted to determine daily and secular movement,
dynamics and features of the Equatorial lonospheric Electrojets and its coupling with high
latitude geophysical phenomena etc.

U7/11P/D32-002
NIKOLAY PUSHKOV, SCIENTIST AND ORGANIZER (1903-1981)

1450

Viktor N. ORAEVSKY, Vadim P. GOLOVKOV (IZMIRAN)

History of a man, who created a powerful infrastructure of Institutes and organized the
geomagnetism and aeronomy study in the former USSR, a man who was one of organizers
of the International Geophysical Year and joined in this way Soviet Unions scientists to the
world scientific community and made the Association of Geomagnetism and Aeronomy to be
really the International one.

U7/11P/D32-003
A BRIEF HISTORY OF IAVCEI
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Stephen R. MCNUTT (Geophysical Institute UAF)

IAVCEI, the International Association of Volcanology and Chemistry of the Earth’s Interior,
has been in existence for 81 years. The organization is committed to understanding volcanic
processes and mitigating their impact on society. IAVCEI was initally formed as the Section
de Volcanologie, a section of IUGG at its first General Assembly in Rome, May 1922. The
name was changed to Association Internationale de Volcanologie in 1930 in Stockholm, then
to its present name in 1971 at the Moscow IUGG General Assembly. IAVCEI is one of the
seven associations of IUGG. IAVCEI’s initial main tasks were to 1) inform by telegraph the
national committees of the onset of important eruptions, 2) establish a central international
volcanological library, and 3) publish a Bulletin Volcanologique and a bibliography of all
aspects of volcanoes, from their activity to description of their products. Over the years
various communications technologies have changed considerably, however, the basic
functions have remained intact.  Alfred Lacroix (France) was the first of 15 formally
appointed IAVCEI presidents, following A. Ricco (ltaly). From 1922 until 1963 the presidents
were all from Europe, followed by H. Kuno (Japan) from 1963-1967. There were then 16
years of alternating presidents from the USA and USSR (1967-1983). Since 1983 presidents
have been from many different countries, reflecting a global approach to volcanology and
studies of the earth’s interior. The current President is Steve Sparks (UK). IAVCEI has had
eight Secretaries General, by tradition serving at least two terms. The first six were from
Europe (1922-1991), followed by Australia (1991-1999) and the USA (1999-present). The
current Secretary General is Steve McNutt (USA). IAVCEI changed its statutes and by-laws
to introduce personal memberships in 1995, and the organization now has over 700
members. IAVCEI produces 3 newsletters each year, continues to sponsor the Bulletin of
Volcanology, hosts a web site www.iavcei.org, and coordinates the activities of 13
commissions. General Assemblies or workshops are held almost yearly, with an emphasis to
assist young scientists and scientists from developing countries. The field of volcanology is
so broad that earth scientists from many disciplines must cooperate in studying and
understanding volcanoes, and studies of volcanic systems and processes therefore overlap
with the fields of interest of many IUGG Associations. This broad interdisciplinary aspect is
characteristic of many IAVCEI endeavours and is the primary reason why IAVCEI belongs to
IUGG and seeks cross-links with the other six Associations.

U7/11P/D32-004
THE HISTORY OF OCEANOGRAPHY AND IAPSO

1535

Fred E. CAMFIELD (Inter. Assoc. for the Physical Sciences of the Oceans)

The formal study of oceanography owes its origins to scientific voyages in the late 17th and
the 18th centuries. While these early voyages made general scientific observations, there
was recognition by the late 19th century of a desire for voyages specifically for
oceanography. These voyages were carried out by a number of Western European nations.
At the same time, formal experimental and theoretical studies were carried out from the
1830°s onward, paricularly on waves and tides, but eventually extending to wind driven
currents and to thedeeper ocean. Prince Albert | of Monaco was trained as a naval officer
and became interested in oceanography after seeing reports of French voyages. He
financed several ships and carried out observations in the Atlantic and theMediterranean in
the late 19th and early 20th centuries. He recognized the needfor an international
organization and, when IUGG was organized in 1919, he organized the oceanographic
section and served as its first president.Most of the early oceanographic work was carried
out by Western European nations,and that is recognized by the membership of IAPSO’s
early executive committee which was dominated by Western European representative with
one from the U.S.A.After 1930, there was strong representation from Denmark, Finland, and
Norway, indicative of the oceanographic contributions of those countries, particularly
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Norway. While some representatives began to appear from the rest of the world,it was not
until after 1957 that IAPSO’s executive committee began to acquire a more global character.
Oceanography began to expand after 1946, with an apparentrapid expansion starting in the
1960°s. Many new programs were established. IAPSO’s activities have reflected this
expansion of the science. There has also been a recognition since its founding of the need
to interact with other sciences,both within and outside IUGG, and discussions of whether
IAPSO should reside within an oceanographic union (with biological oceanographers) or a
geophysical union (with atmospheric scientists, etc.). There has been a recognition of
thefact the oceanography is international, and the science crosses over the boudaries of the
oceans into the atmosphere and the solid earth.References:Wooster, W.S., Sciences of the
Oceans, Physical and Otherwise, Oceanography/|,15:1, pages 128-134.Munk, W., The
Evolution of Physical Oceanography in the Last Hundred Years,Oceanography/I, 15:1,
pages 135-141.

U Friday, July 11

GEOSCIENCES: THE FUTURE (GTF)
Location: Site A, Room 2

Friday, July 11 AM

This symposium will be a panel discussion among a group of young scientists nominated by
the seven Associations. They have been charged with the task of presenting their views on
the future of the geosciences in the years to come including issues, challenges, and
opportunities. What are the most pressing scientific and societal problems that can be
productively addressed by the geoscience community? For example, the past few decades
have seen an explosion in quantitative geoscience. Our observational systems now produce
data streams at temporal and spatial resolution unprecedented in human history. The
computational tools available for interpretation and prediction dwarf the state-of-the-art of
merely 10 years ago. Where can we go from here?
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SECULAR, TRANSIENT AND PERIODIC CRUSTAL
MOVEMENTS AND THEIR GEOPHYSICAL IMPLICATIONS (IAG,
IASPEI)

Location: Site A, Room 1

Monday, July 7 AM
Presiding Chair: P. Segall
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THE VERTICAL DISPLACEMENTS OF JAPAN REVEALED BY MULTIPLE GEODETIC
TECHNIQUES

Makoto MURAKAMI', Tetsuro IMAKIIRE', Tadashi SAITO? Tsugunori NARITA? Seiji
OKAMURA?, Toshio KUNIMF, Eiichi HAKOIWA?, Hiroyuki NAKAGAWA?, Kazuo KOMAKI*
('Geography and Geodynamics Research Center, The Geographical Survey Institute, *The Geodetic
Department, The Geographical Survey Institute, *The Tohoku District Office, The Gegraphical Survey
Institute)

Japan is situated in one of the most tectonically active region on the earth. Even in the
premodern era people noticed vertical deformations associated with destructive earthquakes
and volcanic eruptions and documented them. Since the introduction of sophisticated
geodetic techniques about 100 years ago the nation has been repeatedly surveyed by
precise leveling. Using those data the general trend of the vertical deformation of Japan was
illustrated. In addition remarkable deformations associated with seismic and volcanic
episodes were detected. A network of tidal gauges was also established and has been in
operation for about 100 years, providing precious data to trace the evolution of vertical
crustal deformations of Japan. In the last decade, GPS and InSAR are introduced to monitor
the deformation of the land. The construction of the nationwide permanent network
(GEONET) was initiated in 1994 and the number of sites now counts 1200. Daily positions
of all the stations are computed on a daily basis. Although the precision of the vertical
component of GPS is less than the horizontal ones, even the crustal deformations as small
as a few mm/year become detectable by continuing the measurement for several years
waiting the signal sums up. Using the accumulated GPS data since 1994 we computed the
secular component of the vertical displacements. They basically agree well with leveling and
tidal data but some new findings are obtained. We list them below:1) Subsidence is
revealed in the area far apart from the subducting plate boundary and it infers that the plates
couples in the deeper portion of the boundary, 2) Subsidence is revealed along ltoizawa-
Shizuoka Tectonic Belt where uplift is expected due to collision of two tectonic blocks, 3)
Similar subsidence is revealed along a belt running from Niigata to Kobe where uplift is
inferred by the dominating horizontal contraction along the belt, 4) Uplift is revealed widely in
the north of Usu volcano in Hokkaido before its eruption in March 2000.Those are
interesting findings, which may lead us to modifications of existing theories about tectonics of
related regions of Japan. In the presentation we will show more the details of vertical
displacements revealed by continuous GPS. We also will compare them with other geodetic
data from the past and discuss tectonic implications of those new findings.

JSG01/07A/A01-002 0915

ESTIMATE OF COUPLING ALONG THE SUBDUCTING PLATE BOUNDARY AROUND
THE JAPANESE ISLANDS BASED ON A NEW INVERSION METHOD

Honglin JIN, Teruyuki KATO, Shin'ichi MIYAZAKI, Muneo HORI (Earthquake Reasearch Institute,
University of Tokyo)

The Japanese Islands are located at the boundaries among Eurasia, Pacific, North America
and Philippine Sea plates. Collision and subduction of these plates cause overall crustal
deformation in the Japanese islands. Recent studies of geodetic inversion of dense GPS
array data have shown that the distribution of inter-plate coupling is not homogeneous along
the subducting plate boundaries. It is important to elucidate the distribution of coupling rates
along the boundaries for understanding subduction process and nature of slow slip episodes
as well as for earthquake prediction studies. In the previous inversion scheme, all physical
processes involved (surface measurements due to fault dislocation, in this case) are
represented by Green's function, and directly computed slip distribution from measurement
data using singular value decomposition. This scheme can not determine accurate inverse
operator because of the ill-posedness of inverse problem. In order to solve this problem, Hori
(2001) introduced a new inverse approach in which inversion operator (Green function as an
operator) is determined without considering the method of measurement by introducing the
spectral decomposition of Green function. Since inverse operator is obtained through
numerical spectral decomposition of Green's function, it clarifies the mathematical reason of
the ill-posedness of the inverse problem. Moreover, the new approach can manifest the limit
of measurement accuracy, and pick up only measurable modes. Measured data is only used
to determine deformation function by least square method, and then the deformation function
is used for solving the inverse problem to predict slip function at the plate boundary using
inverse operator. We have applied this new inversion method to the Japanese GPS data and
estimated the distribution of back-slip (or coupling) on a subducting Philippine Sea plate.
Before applying the method, we considered that the vertical component of GPS data is
important in estimating distribution of coupling along the plate boundary. For this purpose,
first, we reduced the noise in the vertical components of GPS time series by removing
correlated scatter among neighboring stations. The calculated slip distribution on the
Philippine Sea plate indicates that the slip generally directs to the northwest with the
maximum speed of about 8 cm/yr, consistent with motion of Philippine Sea plate. The
present is harmonious with the result conventional inversion method (e.g. Yabuki and
Mutsu'ura, 1992 ). It is interesting to point out estimated and observed vectors are consistent
in Shikoku and Chugoku areas, but are significantly different in Kinki area. This might
suggest that surface deformation near Kinki might be affected by other tectonic disturbance.

JSG01/07A/A01-003 0930

SECULAR CRUSTAL DEFORMATION IN CENTRAL HONSHU ARC, JAPAN, DEDUCED
FROM WAVELETANALYSIS OF GPS TIME-SERIES DATA, AND ITS SEISMOTECTONIC
IMPLICATIONS

Kaoru MIYASHITA', Jianxin LT, Vijay Kumar KATHAMANA?, Takahiko SUZUKI' ('Department
of Environmental Sciences, Ibaraki University, *School of Marine Science and Technology, Tokai
University, ‘'GNSS Technologies Inc.)

Secular crustal deformation in the central part of Honshu Arc, Japan was deduced by
applying the wavelet decomposition analysis to the GPS time-series data from GSI/GEONET
(Geographical Survey Institute/GPS Earth Observation NETwork). The time-series data
during the period from April 1996 to March 2002, which have been re-analyzed to be
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improved (Hatanaka et al., 2001), were considered to be composed of secular (a linear
trend), seasonal, discontinuous (co-seismic or artificial jumps), and noisy (white noises)
components. The NS (north-south), EW (east-west), and UD (up-down) components of the
time-series data were also assumed to be mutually independent. After removing data-jumps
in the time-series, we decomposed each of the NS, EW, and UD time-series to the 8th level
by using Daubechies wavelets. We could find out a seasonal variation clearly in the detail
part of the 8th decomposition component, and could estimate a secular velocity from the
approximation part at the same level. We estimated secular velocities at about 450 GPS
sites in the study region on the basis of the wavelet decomposition analysis, and then
evaluated secular velocities at 7 km x 7 km grid points covering the study region by applying
the least-square collocation method. We also estimated distributions of several kinds of
secular strain rates, i.e., dilatational, maximum shear, and principal strain rates in the study
region. From these distributions of secular strain rates, we could find out several kinds of
characteristics concerning the secular crustal deformation in the central part of Honshu Arc.
Firstly, we could recognize that (1) the entire region is generally under a compressive
regime. Next salient features were as follows: (2) there exist remarkable concentrations of
maximum-shear and compressive strains near Tokyo Bay and Boso Peninsula in the Kanto
region; (3) there is a dilatational area in and around Mt. Fuji and Mt. Hakone in the Tokai
region. We tried to explain the observed characteristics of the secular crustal deformation on
the basis of the back-slip model, which has multiple faults along the plate boundaries, i.e.,
Sagami and Suruga-Nankai Troughs, and Japan Trench. However, there was a need to
consider other mechanisms in order to explain the characteristics stated above. It might be a
possibility that near Tokyo Bay and Boso Peninsula there locates a relatively weak zone
such as a potentially faulting zone. It might be also suggested that near Mt. Fuji and Mt.
Hakone there is a compressive source, associated with a volcanic flow.

JSG01/07A/A01-004
ACTIVE FAULT SEGMENTS AND BLOCK MOVEMENT IN NORTH CHINA

0945

Caijun XU', Zhicai LI', Yanxing LI* ('School of Geodesy and Geomatics, Wuhan University, *First
Crustal Deformation Monitoring Center , China Seismological Bureau, Tianjin, 300180, P.R.China)

Research on interseismic fault movements is of considerable importance, not only for
academic interest but also for the estimation of hazard zones and earthquake prediction,
since any slip deficit at shallow or intermediate depths at a fault could be filled by a future
earthquake. North China as a lithospheric dynamics sub-plate is located in the middle part
of eastern China. It is characterized by more intense neotectonism and seismic activities in
comparison with northeast China and south China . North China block could be divided into
5 blocks from geology information and seismic distribution. The Repeated GPS surveys, had
been carried out in the region in 1992, 1995, 1996, 1999, 2001 respectively by the First
Crustal Deformation Monitoring Center (FCDMC) of the China Seismological Bureau (CSB) ,
provide a direct measurement of current crustal motions to study the tectonic activity and
earthquake hazards in this area. There are more than 70 reoccupied stations after 1995
campaign. At each station, observation was made continuously for at least 72 hours in each
campaign. These GPS data were firstly processed together with Global IGS stations using
the GAMIT software to get the baseline solutions, then GPS velocity fields in ITRF2000
frame and with respect to Eurasia were obtained based on these baseline solutions and their
variance-covariance matrix using the GPS network adjustment software PowerADJ
developed by Wuhan University. Methods for the determination of active fault segments and
block movements by inversion of GPS velocity and seismic moment tensor are presented.
The geophysical implications of the active fault segments and block movements are
discussed in this paper.

JSG01/07A/A01-005 1000

JOINT INVERSION OF GPS VELOCITY AND OBSERVED GRAVITY FOR ACTIVE FAULT
SEGMENTS IN SICHUAN-YUNNAN RHOMBUS BLOCK

Zhicai LI, Caijun XU (School of Geodesy and Geomatics, Wuhan University)

The rhombus block in Sichuan and Yunnan province, lying northeast margin of the Tibet
subplate and adjacent to Southchina subplate and southeast Asia plate, is one of the most
active block in China. More than 200 earthquakes (ML >5.0) have occurred in this area since
1970, especially including 14 great earthquakes (ML>7.0). So the block is the key area to
do investigations by geophysicists. Since the early 1990s, several regional GPS networks for
active tectonic studies were established in continental China (Lai et al, 1992; Abdrakhmatov
et al, 1996; Bilham et al., 1997; King et al., 1997; Larson et al., 1999; Li et al., 1995; Shen et
al., 2000; Bendick et al., 2000; Wang et al., 2000) We obtain the station velocity in
Sichuan—Yunnan block and find that the movement trend of the block is southeast to south.
In this paper, We study movement of the Xianshuihe fault in Sichuan province, Honghe fault
and Xiaojiang fault in Yunnan province by using GPS and gravity data. we have inverted the
fault parameters by using GPS data and gravity data (from 1985 to 1999 in west of Yunnan
province) separately and jointly with multi-faults dislocation model. The methodology used
here is random cost method, which is one of the Monte Carlo (MA) algorithms. The results
from the joint inversion indicate that these faults are presently active. The displacement field
and strain-stress field in this block are also discussed in the paper.

JSG01/07A/A01-006 1015

AN IMPROVED APPROACH FOR CALCULATING THE SURFACE STRAIN RATES
FROM GEODETIC NETWORKS WITH APPLICATION TO TAIWAN

Ya Ju HSU', Mark SIMONS?, Shui-Beih YU® ('Institute of Geophysics, National Central University,
*Seismological Laboratory, Division of Geological and Planetary Sciences, California Institute of
Technology, ‘Institute of Earth Sciences, Academia Sinica)

We use the Taiwan GPS velocity field for the time period 1993 to 1999 to estimate spatially
varying strain and rotation rates for the entire island. We use a modified version of Ward
(1998) for calculating strain rates in spherical geometries. Our particular method considers
three different types of weights: observational errors (W), distance between the observation
and the location of estimation (W), and an additional weight to account for variable station
density (W ). Each weight contributes equally to the inversion. The construction of W_and W,
has been described in Ward (1998). Given the difficulty in interpreting strain rates calculated
at using variable length scales at different positions, we choose to make separate strain
maps, each with a fixed length scale used in the estimation procedure. This fixed scale
approach results in variable numbers of observations used in our strain estimates as a
function of space. This variability is reflected in companion error maps. We estimate W,
using the distribution of Voronoi cells associated with the geodetic network. The actual value
W, corresponds to the cell area associated with a given GPS station. We find that our
approach provides more stable and interpretable strain estimates than previous studies,
especially when stations are irregularly distributed or when we use larger spatial length scale
of estimation. In either case, dense pockets of observations would dominate the strain
estimates.
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INTERSEISMIC CRUSTAL DEFORMATION IN THE TAIWAN PLATE BOUNDARY ZONE
(1993-1999)

Shui-Beih YU, Long-Chen KUO, Ya-Ju HSU, Horng-Yue CHEN (Institute of Earth Sciences,
Academia Sinica)

The island of Taiwan is situated in the plate boundary zone between the Eurasian and the
Philippine Sea plates. As a consequence of plate interaction, there are highly active
seismicity, rapid crustal deformation, and numerous active faults in and around Taiwan. The
disastrous Chi-Chi earthquake (Mw 7.6) occurred on 21 September 1999. This event caused
very large coseismic movements and significant transient postseismic deformation.
Continuous and annually surveyed GPS data collected before the Chi-Chi earthquake from
1993 to 1999 are utilized to study the interseismic deformation in the Taiwan area. The
horizontal and vertical velocity fields with respect to the Chinese continental margin are firstly
estimated from temporal changes of station coordinates. Then the strain rates are calculated
from velocity gradients taking into account the observational errors, distance between the
observation and the location of estimation, and variable station density. The convergence
across the Taiwan arc-continent collision zone is as high as 80 mm/yr and about 40% of the
shortening is accommodated in the Longitudinal Valley area of eastern Taiwan, the suture
zone of two plates. The western Taiwan is undergoing compressive tectonic stress with
contraction rates of 10-40 mm/yr in the E-W to NWW-SEE directions. The llan Plain in
northeastern Taiwan shows remarkable NW-SE extension associated with the opening of
Okinawa Trough, while the significant NEE-SWW extension in the southern Central Range
may be related to crustal exhumation. The lateral extrusion in the Kao-Ping area of southern
Taiwan is also prominent. An uplift rate of up to 10 mm/yr is observed in the Central Range
and the maximum subsidence of 70 mm/yr due to underground water withdrawal is found in
the coastal area of southwestern Taiwan.

JSG01/07A/A01-008 1105

CRUSTAL DEFORMATION IN EASTERN TURKEY CONSTRAINED BY GLOBAL
POSITIONING SYSTEM MEASUREMENTS BETWEEN 1992 AND 2002

Mehmet Emin AYHAN!, Bahadir AKTUG', Mustafa OCAK', Coskun DEMIR', Onur LENK', Robert
REILINGER? (‘General Command of Mapping, *Massachussets Institute of Technology)

To investigate crustal deformation in Eastern Turkey in the east of 35° E, we compute
velocity field in a frame fixed to Eurasia from Global Positioning System (GPS)
measurements between the years 1992 and 2002. The resulting velocity field reveals the
decoupling of Anatolian plate from Eurasia and Arabia along dextral North Anatolian Fault
(NAF) and sinistral East Anatolian Fault (EAF). Velocities indicate a westward motion of
Anatolia and diffused deformation in Eastern Turkey between the Bitlis suture and the
Caucasus. We derive a best fitting Euler vector of Arabia-Anatolia motion 35.18° + 0.09°N,
38.14° + 0.11°E, 1.40° £ 0.02° /Myr. The Euler vector gives about 7 mm/yr for an upper bound
on left lateral slip on the EAF. We also compute the strain rate components. Dextral shear
strain rates accumulating along the NAF indicate plate boundary deformation zone having a
width of about 100 km. We obtain dextral shear strain accumulation extending from Karliova
triple junction area to the east with a rate of 90 nstrain/yr around Karliova. We compute
sinistral shear strain rates along the EAF between Tirkoglu and east of Bingdl, reaching
maximum of 70 nstrain/yr around Pétirge, within a relatively narrow plate boundary
deformation zone. We reckon anticlockwise solid body rotation rates in Anatolia and plate
boundary deformation zone along the EAF, and clockwise rotation along the NAF. Rotation
rate is about -6° /Myr and 4° /Myr around Karliova and Pétiirge respectively. Finally, dilatation
rates reveal a general compressional regime in Eastern Turkey although we observe
regional extensional areas.

JSG01/07A/A01-009 1120

MEDITERRANEAN SEA LEVEL VARIATIONS, 1985-2002: ALTIMETRY VERSUS TIDE
GAUGE DATA

Isabel VIGO', David GARCIA', Benjamin Fong CHAO? ('Dpt. Applied Mathematics, University of
Alicante, Alicante, Spain, Space Geodesy Branch, NASA Goddard Space Flight Center, Greenbelt,
Maryland, 20771, USA.)

We study the sea level variabilities in the Mediterranean Sea, both in space and time, and
focus on the complementarity of the two available data sources for sea level: tide gauge data
and altimetry data. We will use the sea-surface height (SSH) data from TOPEX/Poseidon
(T/P) for the periods 1992-2002 and Geosat data for 1985-1988, and examine selected tide
gauge data along the Mediterranean coast and compare them with the closest T/P data
point. Also included is a study on Mediterranean-specific oceanic general circulation models
that are under development in terms of their applicability. Preliminary results indicates that
the SSH rate of change in Mediterranean is about 3 times the global average during the past
10 years. The differences between long-term trends (or linear slopes) of the altimetry data
and the tide gauge data are indications of vertical ground motion of the tide gauge location.
Apart from possible systematic errors in both data sets (especially in tide gauges depending
on the history of data collection) these differences potentially contain information about local
deformation and, more importantly, tectonic motions in the region. We will also present a
survey of available GPS measurements co-located with tide gauges, but in general the GPS
time series are too short to be useful at the present time.

JSG01/07A/A01-010 1135
GUADALUPE ISLAND GPS PRELIMINARY RESULT: IS THE PACIFIC PLATE RIGID?

Jose Javier GONZALEZ-GARCIA', Joachim GENRICH?, Linette PRAWIRODIRDJO?, Duncan
AGNEW?, Yehuda BOCK?, Ken HUDNUT® (‘Seismology Dept., Centro de Investigacion Cientifica y
de Educacion Superior de Ensenada, Baja California, *Scripps Institution of Oceanography, University
of California, San Diego, ‘United States Geological Survey, Pasadena, California)

We present results from survey mode GPS data collected in northern Baja California and
Guadalupe Island in the Pacific Ocean. This data were combined with data from continuous
stations from Southern California Integrated GPS Network (www.scign.org,
http://sopac.ucsd.edu); that includes CIC1, SPMX, CORX (Coronados Island) and recently
GUAX (Guadalupe Island) in México. Altogether we have 4 sites on Guadalupe Island:
GUAD and GAIR (1991-2002), RMGU (1999-2002), and GUAX (2001-2003). Solutions were
derived in the International Terrestrial Reference Frame 2000 (ITRF2000) and computed
with GAMIT software using global fiducial data from the International GPS Service. Station
velocities were computed using a linear regression on the position time series. The motion
obtained for sites on Guadalupe Island agree to within 1 mm/yr with a mean of 23.8 + 1.0
mm/yr for the north component and -44.6 + 1.1 mm/yr for the east. This result is very close to
that of the NNRNuvel 1-A model (23.1, -44.7) and is slightly lower than that predicted by
Beavan et al. [2002] (25.2, -48.6), for a Guadalupe Island traveling on a rigid Pacific Plate.
We compute a pole of rotation for the Pacific Plate using our results for CHAT, KOKB, KWJI,
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MKEA, THTI and Guadalupe Island with the mean result: Lat.= 63.71° S, Long. = 109.25° E
and angular velocity = 0.668°/Myr. The y? for fitting a Pacific Plate pole with and without
Guadalupe does not differ significantly. If the Guadalupe Island GPS preliminary result
obtained here represents its secular motion, the Pacific Plate is rigid (<3 mm/yr),
considering the uncertainties of plate tectonics on a spherical Earth (NNR 1-A) and that of
the ITRF realization. This confirms the basic assumption made for Plate Tectonics by
Morgan [1968]: “If the distances between Guadalupe Island, Wake Island and Tahiti, all
within the Pacific block, were measured to the nearest centimeter and then measured again
several years later, we suppose these distances would not change”. Finally, when our
ITRF2000 GPS result is rotated into a North America reference frame we obtain a “full”
velocity field of 49.6 + 1.0 mm/yr between Puerto Pefiasco on the northeastern shoreline of
the Gulf of California and Guadalupe Island. For the presentation we will include data for the
first quarter of 2003.

JSG01/07A/A01-011 1150

VISCOELASTIC DEFORMATIONS DURING A SEISMIC CYCLE AND OVER CYCLES
AROUND A SUBDUCTION ZONE - SIMULATION FOR A REALISTIC SNRVEI EARTH

Shuhei OKUBO!, Jun'ichi OKUNO!, Yoshiyuki TANAKA? ('Earthquake Research Institue,
University of Tokyo, *Geographical Survey Institute, Japan)

Although there are many previous works to estimate crustal deformations around a
subduction zone during one or over many repeated seismic cycles, they are not free from
unrealistic assumptions to avoid intrinsic numerical difficulties; some ignore the earth’s self-
gravitation, some compressibility, and others radial stratification. We develop here a new
recipe to compute post-seismic deformation in a realistic, spherically symmetric, non-
rotating, visco-elastic, and isotropic (SNRVEI) earth. The calculation is done without the
forementioned unrealistic approximations. The essential point of the new algorithm is to
perform the Laplace inversion integration without evaluating contribution from the
innumerable poles. Using this method, we present a complete set of the Green function, i.e.
time variations of displacement, gravity, geoid height on the surface for 4 independent types
of point dislocation: strike-slip on a vertical plane, dip-slip on a vertical plane, tensile faulting
on a horizontal plane and tensile faulting on a vertical plane. As an earth model, we employ
the 1066A together with the standard viscosity profiles. The result shows a diverse spatial
pattern due to a viscous structure or a source depth. In particular, ratio of the source depth to
the lithosphere thickness governs the evolution of the post-seismic deformation. Of particular
interest is that the far-field deformation (epicentral distance > a few hundreds km) clearly
reveals transient behavior.This makes a contrast to the near field deformation where
coseismic change dominates.lt follows that post-seismic gravity change might be detected
with satellite missions because the wavelength exceeds 100 km, if a sufficiently large
earthquake occurs. If the back-slip hypothesis holds at a subduction zone, integration of the
Green functions over a finte fault plane allows us to compute both transient and secular
displacement and gravity change. We shall compare the theoretical result with the observed
secular uplift and gravity change at the Tokai region where a larege earthquake is
anticipated to occur in a near future.

JSG01/07A/A01-012 1205

POSTSEISMIC DEFORMATION MODELING OF THE 1992 LANDERS, CALIFORNIA,
EARTHQUAKE

Yuehua ZENG', Yongge WAN?, Zhengkang SHEN® ('Seismological Lab, UNR and Institute of Earth
Sciences, Academia Sinica, *College of Hazard Prevention, China Seismological Bureau, ‘Dept of
Earth and Space Sciences, UCLA and Institute of Geology, China Seismological Bureau)

We model the postseismic deformation of the June 28, 1992 Mw 7.3 Landers earthquake to
understand the fault zone rheology and the crust and upper mantle structure. GPS data
have been collected periodically from a network of about 2-dozen stations located in the
rupture zone and its vicinity since the earthquake. The data were processed to derive the
deformation time series at the sites. To model the postseismic deformation we need to
account for both secular and the earthquake induced deformation. A regional secular
deformation model is developed based on the GPS data collected before the Landers
earthquake and EDM data collected in 1970s-1980s. These data are inverted to fit a block-
fault model and solve for fault slip rates along block boundaries beneath the locking depth.
After removal of the secular effect, the observed deformation shows a “butterfly” pattern in
general, mimicking the coseismic deformation but with much smaller amplitude and with less
gradient from the epicenter to far field. The temporal pattern shows a relatively fast
acceleration for the first couple of months, and a much longer secular trend afterwards. We
model the postseismic deformation as a result of rheological response to the coseismic
stress change in a layered crust and upper mantle. The coseismic stress change is
produced using the coseismic slip model of the 1992 Landers eartuquake by Wald and
Heaton (1994). Our preliminary result suggests that two mechanisms operate
simultaneously to produce the observed spatial and temporal patterns of the postseismic
deformation: visco-elastic relaxation in the lower crust and rheological afterslip at the
downdip of the coseismic rupture zone. We find that a model consisting of a 13-km thick
lower crust with a viscosity of 10 pas, an upper mantle with a viscosity of 10 pas, and an
afterslip at the downdip of the coseismic rupture equivalent to 5% of the coseismic moment
release provides the best fit to the observation.

Monday, July 7 PM
Presiding Chair: T. Kato
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VARIATION OF STRAIN PROMOTED BY THE SLOW SLIP EVENT IN THE TOKAI
REGION REVEALED BY THE CONVERTED STRAIN FROM GPS DATA

Sumio YOSHIKAWA, Takeyasu YAMAMOTO (The Seismology and Volcanology Research
Department, Meteorological Research Institute)

The slow slip event (SSE) detected by the GPS network (GEONET) of the Geographical
Survey Institute has been growing up steadily in the southern coastal area of the central
Japan, that is the Tokai region, since 2001. Appreciable changes corresponding to SSE are
not yet observed by the borehole strainmeters of the Japan Meteorological Agency in the
area. We evaluated space and time variation of the strain caused by SSE before we can
detect it by the strainmeters. Use of strain has merits on evaluation of a localized event. That
is, i) strain does not reflect a common displacement observed in a wide area, ii) strain is
comparable directly with outputs of borehole strainmeters, and iii) the elastic strain caused
by a source diminishes rapidly as compared with displacement, say, in inverse proportion to
the cube of distance from it, which means easiness in estimating the source location. We
used the GEONET data from 1997 to 2002 for strain analysis. Variation of the horizontal
principal strains was calculated from daily changes in lengths and azimuths of three base
lines in each triangle elements of GPS network. Spatial distribution of horizontal strain
components was calculated from grid-data of displacement vectors transformed from the



original data using the GMT function (e.g. Wessel & Smith, 1998). Annual- and semi-annual
variations estimated for the period from 1998 to 1999 were subtracted from the original data,
and linear trends for the same period were also subtracted from them when it was
necessary. According to the analysis, we could detect strain changes associating with SSE
clearly. Expansion appeared in and around Hamanako region of the central part of the
Shizuoka prefecture, and at the same time contraction was caused around Omaezaki and
Atsumi regions in the east and west of Hamanako region, respectively. The peak of
expansion is now moving northeastward and steadily growing up and the contraction is
gathering intensity. The maximum principal contraction rates increase three or four times
after the commencement of SSE in 2001. The total moment release estimated from the
distribution of dilatation in the late 2002 becomes (1.3~1.5) x10**19[Nm] and the moment
magnitude becomes around 6.75. High concentration of the Coulomb fracture stress is seen
in the eastern Tokai region.

JSG01/07P/A01-002 1415
MIGRATION OF ANOMALOUS CRUSTAL DEFORMATION IN TOKAI AREA, JAPAN

Masaru KAIDZU, Shinzaburo OZAWA (Geography and Crustal Dynamics Research Center,
Geographical Survey Institute)

Since early 2001, anomalous crustal deformation is being observed in Tokai area, central
Japan. The deformation is supposed to be related to aseismic slow slip on plate interface.
The event lasts already more than 2 years. The center of deformation seems to migrate as is
the case in normal earthquake, though the deformation in Tokai area is quasi static.
Temporal variation of horizontal deformation and upheaval suggests that the center of slip on
the plate interface migrated from under Hamamatsu to northeast direction along the western
edge of estimated source region of coming Tokai earthquake. The slip started at the
northeast slope of ridge like feature of the plate boundary. As the direction of subduction of
Philippine sea plate is toward north-north-west in this area, it is likely that the slip started
here. After migration of center of slip, GPS station at Hamamatsu started to move in normal
direction. Observational study of the process of this slow slip event will provide image of
quasi-static analogue of seismic rapture process. Migration of deformation on the surface
will be examined using time series of GPS station coordinates.

JSG01/07P/A01-003 1430

POSTSEISMIC DEFORMATION FOLLOWING THE 1997 UMBRIA-MARCHE (ITALY)
MODERATE NORMAL FAULTING EARTHQUAKES

Abdelkrim AOUDIA', Alessandra BORGHP, Riccardo RIVA’, Riccardo BARZAGHT?, Boudewijn
AMBROSIUS®, Roberto SABADINI, Bert VERMEERSEN’, Giuliano PANZA' ('SAND Group,
Abdus Salam International Centre for Theoretical Physics & Dept. of Earth Sciences, University of
Trieste, Trieste - Italy, 2DIIAR, Politecnico di Milano, Milan, Italy, *DEOS, Faculty of Aerospace
Engineering, Delft University of Technology, Delft, Netherlands, ‘Dept. of Earth Sciences, University
of Milan, Milan, Italy)

We combine aftershock strain mapping, GPS measurements and leveling profiles with
forward modeling of viscoelastic relaxation to study the postseismic deformation of the 1997
Umbria-Marche (Central Apennines) earthquake sequence. We explore the feasibility of
GPS monitoring of postseismic transients, for the first time in Italy, generated by shallow and
moderate sources. Our data allow us to distinguish a preferred coseismic faulting model as
well as insight into the rheology of the Central Apennines Earth’s crust. The faulting model
requires a listric geometry with most of the energy released in the lower half part of the
elastic crust. The rheological model consists of an elastic thin upper crust, a transition zone
of about 10" Pa s underlain by a low-viscosity lower crust, ranging from 10" to 10 Pa s.
The postseismic deformation is, both distributed in the transition zone - lower crust and
confined to the fault zone.

JSG01/07P/A01-004 1445

THE PRESENT-DAY TRANSIENT AND SECULAR DEFORMATION FIELD OF THE
ANDEAN SUBDUCTION ZONE

Juergen KLOTZ', Amir ABOLGHASEM!, Klaus BATAILLE?, Rodrigo MATURANA®, Raul
PERDOMO* (‘GeoForschungsZentrum Potsdam, *Univ. de Concepcion, Chile, ‘IGM Chile, Santiago,
Chile, *Univ. Nac. La Plata, Argentina)

GPS-observed crustal movements in the Southern and Southern-Central Andes are
governed by different phases of the earthquake deformation cycle. Most of the transient
deformation can be explained by inter-seismic, co-seismic, and post-seismic phases of
interplate thrust earthquakes. The area of the great 1960 Mw 9.5 Chile earthquakes shows a
pronounced post-seismic deformation 40 years after the event and a significant change in
the displacement field with time. Secular crustal movements are derived by subtracting
model velocities from observations. Along the Andes, the most obvious secular deformation
signal is visible in the back-arc of the subduction where the Brazilian Shield underthrusts
beneath the Subandean zone. Here, GPS observations suggest a slower back-arc
convergence than geological rates. The analysis of the residual velocity field and strain rates
within the fore-arc of the subduction indicates the presence of trench-perpendicular and
trench parallel extension in accordance with geologic findings. Also, part of the transient
elastic deformation might be transferred into permanent plastic deformation. Further insight
into the plate boundary system comes from 3D FE-Models that we used to explain the
present-day deformation.

JSG01/07P/A01-005 1500

THE NATURE OF EPISODIC SLIP ALONG THE NORTHERN CASCADIA MARGIN:
REGULAR AND NOT-SO-SILENT

Herb DRAGERT (Geological Survey of Canada)

Data from continuous GPS stations across the northern Cascadia Margin have been re-
analyzed and they reveal an intriguing regularity of transient movements on the deeper
subduction interface underlying southern Vancouver Is. and the eastern Olympic Mountains.
Surface motions at GPS sites in this region are characterized by a pronounced “sawtooth”
displacement pattern reflecting elevated stress increase for a period of about 60 to 70 weeks
followed by a two-week period of stress reduction during which motions are reversed. These
reversals have been modelled by gradual slips of 2 to 4 cm on the deep subduction
interface, downdip from the seismogenic zone. At a given GPS site in the region of detection,
the transient surface displacements observed for successive slip events are strikingly similar
in amplitude, direction, and duration, indicating a repetitive process within a confined
location. The rates of strain accumulation between slip events also appear uniform, again
suggesting a recurring process that is spatially confined. To date, this behaviour has not
been observed in other subduction zones or even to the north or south of this geographic
region. Examination of digital seismic records from the same area has revealed unique, non-
earthquake-like, seismic signatures accompanying the slip events. These seismic signals,
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similar in nature to those identified in the Nankai subduction zone, appear to have no spatial
correlation with earthquake patterns in the region, but the source appears to correlate with
the zone of repeating slip. Episodic generation of fluids from pulses of metamorphic
dehydration may be responsible for both the slip and the seismic chatter, although details of
the process are yet to be understood. The fact that similar slip events have not been
observed elsewhere may be due to smaller slip signals combined with a lack of GPS
coverage.

JSG01/07P/A01-006 1515

THE SEISMIC SIGNATURE OF TRANSIENT SLIPS ON THE CASCADIA SUBDUCTION
ZONE

Garry ROGERS, Herb DRAGERT, Honn KAO, John CASSIDY (Geological Survey of Canada)

Repeated slip events have been detected on the deep interface of the northern Cascadia
subduction zone by observing surface deformation on a network of continuous Global
Positioning System sites. These slip events, originally characterized through their temporal
and spatial surface displacement patterns, have now been found to have unique, non-
earthquake, seismic signatures which have been detected by the digital seismic network
monitoring the same subduction zone region.  The observed tremor-like seismic signatures
correlate temporally and spatially with the slip events over the past six years. The sources of
these tremors appear to be coincident with, or overlie, the region of the subducting slab
interface where transient slip is occurring, migrating with the progression of the slip. During
the time-period between slips, this seismic tremor activity is very minor or non-existent. At
the time of the slip events, the seismic activity is marked by pulsating bursts of activity lasting
from a few minutes to a few hours for the duration of the slip event, usually about 10 to 15
days. The frequency content of the seismic signature, predominantly 1 to 4 Hz, is lower than
the frequency content of nearby earthquakes, and most of the energy is in the horizontal
components. These seismic signatures have a similar appearance to the deep tremor
identified by Obara in the Nankai subduction Zone. However, the frequency of occurrence is
different and accompanying slip events have not been identified in Nankai. These slip
related seismic signals appear to have no correlation with the deep or shallow earthquake
patterns in the Cascadia region. If the one-to-one correlation between transient slip and
seismic signatures proves to be robust, then the tremor-like seismic signals can provide real-
time indicators of the occurrence of slip. Since slip events on the deep slab interface
increment the stress across the seismogenic zone, it is conceivable a slip event would
trigger a larger earthquake on the locked subduction thrust. Consequently, the onset of
tremor activity could lead to recognized times of higher probability for the occurrence of
megathrust earthquakes in the Cascadia subduction zone.

JSG01/07P/A01-007 1530

INTERPLATE COUPLING DERIVED FROM THE GPS TRAVERSE ACROSS THE HINGE-
LINE IN KIl PENINSULA AND ITS IMPLICATION TO PRESEISMIC CHANGES IN
GROUNDWATER LEVEL BEFORE THE 1946 NANKAI EARTHQUAKE

Manabu HASHIMOTO, Yasuhiro UMEDA, Kensuke ONOUE, Fumio OHYA, Yoshinobu HOSO,
Kazutoshi SATO (Disaster Prevention Research Institute, Kyoto University)

The hinge-line in the south Kii peninsula, which is the boundary between uplift and
subsidence due to the 1946 Nankai earthquake, can be related to the lower margin of the
coupling zone. We established 10 GPS observation sites, which fill the gaps in the GEONET
operated by GSI, along two lines nearly parallel to the relative motion between the Philippine
Sea and Amurian plates. Resultant average spacing is 5~10km. We have repeated the
campaign survey of this traverse across the hinge-line in the Kii peninsula using dual-
frequency receivers since March 2001. The obtained velocities of observation sites are
about 3cm/yr in the middle part of Kii peninsula and 4.5cm/yr at its southern tip, respectively,
relative to the Amurian plate. Their directions are WNW. The gradient is almost linear, which
suggests that the coupling zone is rather wide.We apply a dislocation model with a uniform
slip to this observed velocity field in order to estimate interplate coupling beneath the Kii
peninsula. Changing the width of the Ando's(1975) fault model, we compare the fitness of
theoretical displacement with the observed one. The calculation indicates that the original
Ando's model is too narrow to represent the observed velocities. In order to explain the
observed velocities in the middle Kii peninsula, we must double the width of the model fault.
This implies the coupling zone between the subducting Philippine Sea and Amurian plates
might be extended much deeper than the depth previously suggested from the thermal
model and others.Groundwater level drops before the 1946 Nankai earthquake were
reported in middle and south Kii peninsula and southern coastal region of Shikoku. We
assume this change in Kii peninsula is caused by a preseismic slip on the fault plane or its
deep extension, and perform forward calculation of dilatation. The deepest segments of the
model faults by Sagiya and Thatcher (1999) produce dilation south of the hinge-line, which
does not coincides with the distribution of wells of reported anomalous changes. This result
suggests that preseismic slip must occur on the deeper extension beneath the middle Kii
peninsula. The coupling zone derived from our GPS observation might be the source region
of such preseismic slip.

JSG01/07P/A01-008 1605

TRANSIENT DEFORMATION BEFORE THE 2002 DENALI FAULT EARTHQUAKE,
CENTRAL ALASKA

Jeffrey Todd FREYMUELLER, Hilary J. FLETCHER, Sigrin HREINSDOTTIR, Hisashi SUITO
(Geophysical Institute, University of Alaska Fairbanks)

Repeated GPS surveys in central Alaska document two sources of transient
deformationpriorto the 2002 Denali Fault earthquake. The first and most obvious is a
largetransient interpreted as a creep event on the Pacific-North America plateinterface
downdip of the seismogenic zone. This event began in 1998 and lastedfor 2-2.5 years. The
creep event produced large displacements at the surface, aslarge as ~10 cm total
displacement. Based on dislocation and finite-elementmodels, we interpret the source of the
event to be accelerated creep on a patchof the plate interface roughly 100x150 km in size,
with 15-20 cm of creep abovethe normal rate of plate motion (5.5 cm/yr). The large
displacements caused bythis event were centered well to the south of the Denali fault, but it
causedmeasureable extensional strain normal to the Denali fault, which would havethe effect
of unclamping the fault and bringing it closer to failure.A second, more subtle transient event
appears to have occurred near theepicentral region of the 2002 Denali fault earthquake
between mid-2000 andmid-2002. Summer 2002 GPS surveys of sites near the Denali fault
aresystematically offset from the trend of the previous surveys, which weredone from 1997-
2000. West of the 2002 epicenter, the anomalous motion appearsas an eastward
displacement of 1-2 cm for sites south of and very close tothe Denali fault. Out of all sites in
central Alaska that were surveyed in2002, only sites very close to the Denali fault deviate
from their priortrends. If these displacements result from precursory slip, they do notappear
to result from slip on the Denali fault, but might be related toslip on thrust faults such as the
fault that initiated the Denali earthquakerupture.
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JSG01/07P/A01-009 1620
POSTSEISMIC DEFORMATION FOLLOWING THE 2002 DENALI FAULT EARTHQUAKE

Jeffrey Todd FREYMUELLER', Roland BURGMANN?, Eric CALAIS’, Andy FREED?, Evelyn
PRICE', Hilary J. FLETCHER', Sigrin HREINSDOTTIR', Christopher F. LARSEN' ('Geophysical
Institute, University of Alaska Fairbanks, *Department of Earth and Planetary Science, University of
California, Berkeley, *Department of Earth and Atmospheric Sciences, Purdue University)

The November 3, 2002, Mw=7.9, Denali fault earthquake was the largest on-landstrike-slip
rupture in the US since 1857. Geodetic measurements of thepostseismic response triggered
by this event are providing significant insightinto postseismic deformation processes and
lithospheric rheology. Data fromcampaign GPS sites showpostseismic displacements up to
60 mm of horizontal motion over the first 11days after the earthquake at near-field sites.
These rates of motion are ~200times the interseismic rates. Significant vertical
displacements are alsoobserved, and most sites everywhere within 50-75 km show
significant postseismicmotion within the first few weeks. Within two weeks after the
earthquake, we installed 10 continuous GPS sites inthe region of the rupture. Displacements
of these sites over the next sixweeks are as large as ~45 mm. The data show evidence for a
veryrapid pulse of deformation within the first few days to two weeks, followedby a slower
rate, although this slower rate is still ~50 times the interseismicrate. We will report on the
latest results and models to explain the rapidpostseismic deformation we have observed.

JSG01/07P/A01-010 1635

POST-EARTHQUAKE DEFORMATION FROM INSAR AND STRAINMETERS
CORRELATED TO PORE-PRESSURE TRANSIENTS

Paul SEGALL', Sigurjén JONSSON?, Rikke PEDERSEN’, Kristjan AGUSTSSON, Grimur
BJORNSSON?® ('Geophysics Stanford University, *Earth and Planetary Sci, Harvard University,
‘Nordic Volcanological Institute, Reykjavik, Iceland, “Iceland Meteorological Office, Reykjavik,
Iceland, *National Energy Authority, Reykjavik, Iceland)

Despite considerable effort, it has proven difficult to distinguish between competing models
of postseismic deformation based on direct field observations. Here we present unique
measurements consisting of satellite radar interferograms, borehole strainmeters, and water
level changes in geothermal wells following two magnitude 6.4 earthquakes in the South
Iceland Seismic Zone. The deformation recorded in the interferograms cannot be explained
by either afterslip or visco-elastic relaxation but are consistent with poro-elastic rebound in
the first one to two months following the earthquakes. This interpretation is confirmed by
direct measurements which show rapid (1-2 month) recovery of the earthquake induced
water level changes. In contrast, the duration of the aftershock sequence is projected to be
~3.5 years, suggesting that pore-fluid flow does not control aftershock duration. However,
because the surface strains are dominated by pore-pressure changes in the shallow crust,
we cannot rule out a longer pore-pressure transient at the depth of the aftershocks. The
aftershock duration is consistent with models of seismicity rate variations based on rate and
state dependent friction.A borehole dilatometer located ~3 km from the June 17, 2000
rupture recorded a large (~10 microstrain) compression followed by a roughly one month
strain relaxation (dilation). For an instantaneously introduced fault in a poroelastic medium
the postseismic volume strain is predicted to increase as the induced pore pressure
gradients relax, that is the strain increases with the same sign as the instantaneous
coseismic response. However, because there is no fluid exchange with the dilatometer, the
strain measured by the strainmeter is not in general the same as the strain in the
surrounding rock. More generally, the instrumental strain is related to the strain within the
rock far from the borehole and the change in fluid pressure. |If the rock strain is held
constant, the dilatometer response relaxes from the undrained to the fully drained states.
Two dimensional poroelastic solutions demonstrate that the observed strainmeter response
is qualitatively consistent with theory.

JSG01/07P/A01-011 1650

STRESS-INDUCED MIGRATION OF SEISMIC SCATTERERS ASSOCIATED WITH THE
1993PARKFIELD ASEISMIC TRANSIENT

Fenglin NIU', Paul G. SILVER?, Robert M. NADEAU® ('Department of Earth Science, Rice
University,, “Department of Terrestrial Magnetism, Carnegie Institution of Washington, ‘Berkeley
Seismological Lab., Univ. of California, Berkeley)

A major goal of seismologists is to identify temporal variations in the seismic structure ofthe
crust in response to stress changes near a fault zone. One of the approaches to thisproblem
is to compare waveforms generated by repeat earthquakes, which have nearly thesame
location and mechanism and produce nearly identical seismograms when recorded atthe
same station. We have chosen to measure the difference in waveforms of several
tightclusters of repeat events that occurred on the Parkfield segment of the San Andreas
Faultand recorded by a network of borehole seismometers in the same area (HRSN). An
exceptionally well-documented aseismic transient took place on this segment around the
beginning of 1993, and we wanted to determine whether it produced observable structural
changes in the medium as well. We used two parameters: the lag time, t(t),
anddecorrelation index, D(t), to characterize the difference between two seismograms
atelapsed time, t. The lag time 1(t) is evaluated at the maximum of the cross correlation,C,_ ,
and the decorrelation index D(t) is defined as 7-C, . We have found a significant change in
a particular section of the S-wave coda between two sets of events (1988-1992 and 1993-
1997), which appears as a spike in both () and D(t) . We have run a series of tests which
strongly suggests that the observed changes in waveforms are not due to variations in
earthquake location (verified by relocating the events from the observed S-P times at
different stations) nor due to a uniform change of the background medium. Instead, the
likeliest explanation is that there has been a change in the location of distinct scatterer(s) by
a few meters. We utilize a simple procedure for locating spatially those scatterers whose
properties havechanged in time. For each station, we first construct a differential
seismogram Js(t)by taking the difference of the average of the pre- and post-1993
seismograms. For noise-free seismograms, ds(t) will consist only of energy from any
scatterers whosepropagation characteristics (travel time or amplitude) have changed, while
an unchangedscatterer will be removed by this procedure. We then performed an nth-root
(n=1) stack ofthe amplitude, A(x), of 3s(t) from each station, stacking on the predicted arrival
time of a candidate scatterer originating from location x. This function reaches a maximum
about 2 kilometers to the southeast of the cluster and atabout 3 km depth. The migration of
the scatterer(s) occurred at seismogenic depth and therefore is less likelydue to the
environmental effects. As the difference is almost absent in the P-wave coda, weinfer that
the scatterer(s) is probably related to the redistribution of fluid-filled fractureswhich are more
efficient in scattering S-wave energy compared to P. The location and timing of this change
in the medium strongly suggests that it is a manifestation of the 1993 Parkfield aseismic
transient. As such, it likely represents the stress-induced redistribution offluids in the crust at
seismogenic depths.
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INSAR-BASED SEISMISITY STUDY OF SOUTH-WESTERN AUSTRALIA EARTHQUAKE
PRONE ZONE

Diana POLONSKA', Clive COLLINS?, Phil CUMMINS?, Craig J.H. SMITH?, Linlin GE', Chris
RIZOS' ('Satellite Navigation & Positioning Group, School of Surveying and Spatial Information
Systems, The University of New South Wales, Sydney NSW 2052 Australia, *Geoscience Australia
GPO Box 378 Canberra ACT 2601 Australia)

An analysis of intraplate seismicity within a seismically active area of Western Australia
using spaceborne Synthetic Aperture Radar Interferometry (INSAR) was made. Despite the
limitations imposed by availability and timing of satellite passes, ground relief and instabilities
influencing the radar signal, the demonstrated resolution and accuracy of INSAR make this
technique feasible as a tool for exploring regional tectonics. The manifestations of regional
tectonics in earthquake prone areas are highly site-dependent so SAR images at fine spatial
and temporal scales and information on low intensity earthquake events were incorporated
within the analyses. High precision georeferencing of the input layers was assisted by GIS
technology. Preliminary findings of this study suggest that there is correlation between
crustal deformations and local patterns of geological origin. In particular, the concentration of
hypocentres of the earthquakes along the direction of interferometric fringes, corresponding
to the chosen time interval, can clearly be identified. This indicates that clustering in time and
space of shallow seismic events can be traced using INSAR-based analysis, and that the
method can be used to improve our understanding of intraplate earthquakes. Combined with
the precise positioning of ground reference points using GPS for INSAR data processing,
new insights into transient crustal deformations studies can be expected. Using this
approach, the determination of the magnitude of strain rates and orientation of crustal stress
associated with earthquake generation is possible.

JSG01/07P/A01-013
SEASONAL VARIATION OF SCALE OF GEONET NETWORK AND ZTD BIASES

1720

Yuki HATANAKA (Geographical Survey Institute, Japan)

The seasonal signals in the time series of the site coordinates were evaluated based on the
new solutions of GPS Earth Observation Network (GEONET) of GSI, Japan, which were
obtained by the reanalysis with an improved and uniform analysis strategy by Hatanaka et al.
(2003). There are spatially systematic features in the seasonal motion of the solutions. A
dominant part of them is the seasonal change of the network scale of 6.4 ppb, which
accounts about 70 % of the whole power of the seasonal signals for the horizontal
components. The comparison of the tropospheric zenith total delays (ZTD) estimated in the
GEONET analysis with those derived from radiosonde data of Japan Meteorological Agency
also shows the seasonal variation of the bias in the ZTD estimates. The sense and
magnitude of the scale variation roughly agree with those expected from the variation of ZTD
bias. The residuals of the seasonal signals, after removing the systematic components, do
not show correlations with the direction of plate motions around Japan, although they still
show spatially coherent signals, parts of which are explained by the snow loading effect
proposed by Heki (2001) and by the neglect of tropospheric gradient (Hatanaka, 2003,
presented in this assembly).

JSG01/07P/A01-014
SEASONAL CRUSTAL DEFORMATION IN JAPAN: FINAL SYNTHESIS

1735

Kosuke HEKI (Div. Earth Rotation, National Astronomical Observatory)

Strong annual signatures found in the Japanese dense GPS array were partly caused by
seasonal scale changes of possibly non-crustal origin, but significant part is caused by real
seasonal crustal deformation caused by change of various surface loads. Recently, Heki
(2001) studied the northeastern Honshu area and found snow load the most important
source to drive seasonal crustal deformation there. In the present study, | extend the
investigation to the whole country and evaluate every potential contributor including snow,
atmospheric pressure, soil moisture, water storage in dams, and non-tidal ocean loads.
Most of these effects can be calculated a-priori using various meteorological and
geophysical data and models, although their reliabilities vary among items. | compare
synthesized annual GPS site displacement curves with the observed ones and discuss their
differences, to be attributed to factors yet to be modeled, such as dependence of snow depth
on ground elevations (meteorological sensors do notnecessarily represent the whole
country), water storage changes related to agricultural activities, etc..

Tuesday, July 8 AM
Presiding Chair: K. Heki

JSG01/08A/A01-001 0900
THE KINEMATICS OF ANATOLIA: SPECTRAL ANALYSIS OF CONTINUOUS GPS DATA

Ali TURKEZER, Onur LENK, Ali Ihsan KURT, Semih ERGINTAV (Geodesy Department, General
Command of Mapping)

Three-dimensional geodetic networks supported by continuous GPS data are capable of
yielding valuable tools in order to account for regional realization of International Terrestrial
Reference Frame (ITRF) and monitoring deformationsof the solid earth in the area of
interest. Turkish Permanent GPS Network (TPGN)stations consisting of 16 stations, played
an utmost role in the analyses and the surveying stage of Turkish National Fundamental
GPS Network (TNFGN), which was completed in 2000, by providing 24-hour continuous data
in connection with International GPS Service (IGS) global stations. Being in Alpine-
Himalayan collision zone, Turkey and its surrounding have very active tectonic nature
characterized by the collision of African, Arabian and Eurasian tectonic plates.Such a
phenomena made use of TPGN data with a great extent in the evaluation of both secular
variations of the positions of the stations and the abrupt changesof the positions associated
with the earthquakes. At the preliminary stage of TURPEGN analyses, the horizontal velocity
values have been obtained in ITRF96 and they have been used in order to constrain the
inter-seismic velocity field of the area. Also, the acute displacements during 17 August 1999
I1zmit(Mw=7.5),earthquake yielded the information for co-seismic velocity field as well as
post-seismic process utilizing the data from more dense stations. The analysis of five
stations operating before the earthquake showed the actual co-seismic displacements with a
magnitude of 53 cm and —33 cm in east and north componentsrespectively near the
epicenter of the earthquake and the post-seismic behaviorof the region which has an
exponentional function delay time of about 70 days and 50 days in East and North
components respectively. The analysis includes 900 days beginning from 1999 day 185 till
the end of year 2001. Also, the periodical components of the time series have been
investigated using power spectrums. Finding the index coefficient of about 1 revealed that
there is significant periodicity on the obtained series. The periodicity analysis of time series



indicates the meaningful annual periodicity in height components and about 300 days in
north and east components. It is anticipated that time series evolution and the signal
analyses of TPGN stations in the long-term period excluding abrupt events will help to
monitor the kinematics of the region as well as the stability of the stations.

JSG01/08A/A01-002 0915

DEFORMATION IN YELLOWSTONE'S UPPER GEYSER BASIN: ARE DEEP PRESSURE
FLUCTUATIONS DRIVING FLUID FLOW AT OLD FAITHFUL GEYSER?

Anahita A. TIKKU', David C. MCADOO?, Mark S. SCHENEWERK?, Ralph C. TAYLOR* ('Lamont-
Doherty Earth Observatory of Columbia University, °’NOAA Laboratory for Satellite Altimetry, ‘Give
‘em an Inch Inc., “National Park Service volunteer)

We present the first absolute gravity and global positioning system (GPS) time-series
analysis from a geyser basin. Observations were made in 2000, 2001, and 2002 over
periods of 2 to 10 days within 200-800 meters from the Old Faithful geyser in the Upper
Geyser Basin of Yellowstone caldera located in Wyoming, USA. Over the course of three
campaigns we observed consistent large vertical motions of up to 10 cm over a large areal
extent (up to 600 m) and corroborative gravity anomalies of up to 15 microGals occurring on
the timescale of hours to days. Deformation on this timescale has been previously
undetected in active magmatic or hydrothermal systems. We postulate that the vertical
motions are due to fluctuations in pressure at depth in the hydrothermal-magmatic system.
We also find that the gradient of the large vertical motions are correlated with deviations in
the time between eruptions at Old Faithful geyser and postulate that this is caused by lateral
fluid flow into and out of the geyser conduit. The correlation is significant because Old
Faithful's eruptions are periodic and predictable. Changes in the verticalload will either eject
or inject water into the geyser conduit if the conduit is treated as a permeable zone of
intensely fractured rock with high compressibility surrounded by a less permeable rock
matrix with a lower compressibility. Changing the volume of water in the geyser conduit
changes the interval between eruptions assuming this time is controlled by the volume of
water available for an eruption. Our new work is important as it reveals the processes of
fluid movement both in the larger scale geyser basin hydrothermal-magmatic system and at
the scale of individual geysers.

JSG01/08A/A01-003
SIGNAL OF ATMOSPHERIC PRESSURE LOADING IN LASER RANGING DATA

0930

Toshimichi OTSUBO, Toshihiro KUBO-OKA, Tadahiro GOTOH, Ryuichi ICHIKAWA
(Communications Research Laboratory)

Ranging precision of satellite laser ranging technology has improved to 5-7 mm in a single
shot basis and 1 mm or even better in a normal point (compressed data) basis. Compared
to other microwave-based geodetic techniques, laser observation has an advantage in
accurate model of propagation delay, which must result in accurate determination of a
vertical component of station coordinates. Variation of a vertical component due to
atmospheric loading effect has been researched throughout the last decades, and is typically
1 cm peak-to-peak or less. The effect was already seen in GPS and VLBI data, and we
found it also possible to detect the vertical variation as a function of atmospheric pressure
from recent LAGEOS laser ranging data. In our orbit analysis software “concerto”, a new
adjusting parameter, height per pressure, was implemented. The parameter was estimated
simultaneously with other parameters such as orbits and station coordinates, and we
obtained -0.1 to -0.5 mm/hPa for major 12 laser ranging stations in the world.

JSGO01/08A/A01-004 0945

RESPONSE OF WELL WATER LEVEL TO HEIGHT CHANGE IN HAMAOKA, SHIZUOKA
PREFECTURE, JAPAN

Norio MATSUMOTO, Makoto TAKAHASHI, Ryu OHTANI, Naoji KOIZUMI (Geological Survey
of Japan, AIST)

Height change of BM 2595 in Hamaoka town, Shizuoka prefecture, Japan as referenced to
BM 140-1 in Kakegawa city has been observed to detect an uplift prior to the anticipated
Tokai earthquake since 1962 by the Geographical Survey Institute. The height of BM 2595
has subsided persistently about 5 mm/year accompanied with about 1 cm of seasonal
fluctuation. Our three observation wells and subsidence meter are located around BM 2595.
In order to evaluate response of well water level to the height of BM 2595 quantitatively, we
compare well water levels and subsidence meter data with the height data. Depths of the
observation wells are 55 m, 210 m and 270 m, respectively. The subsidence meter was
installed the 210 m well. This instrument can measure the vertical length between the bottom
of the 210 well and the ground surface. During the period from 1985 to 2002, well water level
in the 55 m well decreased 3.5 m accompanied with 1.2 m of seasonal change, and well
water level in the 270 m well changed one third of that in the 55 m well. On the other hand, 4
mm subsidence together with 0.5 mm of seasonal change was observed by the subsidence
meter in the same period. The subsidence observed by the subsidence meter is obviously
caused by the decrease in well water level at the 55 m well, because the data of subsidence
meter changes several days after the changes in the well water level. A seasonal adjustment
analysis is applied to the observed height and corrected height eliminating the subsidence
change, respectively. Persistent subsidence rate and amplitude of seasonal change in the
corrected height are reduced by 10% and 5% in the observed height, respectively.

JSG01/08A/A01-005 1000
A STUDY ON SEASONAL VARIATION OF LEVELNG DATA IN OMAEZAKI REGION

Tetsuro IMAKIIRE', Minoru TAJIMA? (‘Geography and Crustal Dynamics Research Center,
Geographical Survey Institute(GSI), *Chuo College of Technology)

Geographical Survey Institute(GSI) has been carrying out leveling survey in Omaezaki
region, four times per year, since 1981. This leveling survey revealed that
Hamaoka(BM2595) is subsiding about 5mm/yr referred to Kakegawa(BM140-1). Though the
rate of subsidence is steady for long term, it is pointed out that seasonal variation is laying
over the trend. The amplitude of seasonal variation is as mach as 1cm(peak to peak).
Various hypothesis has been proposed for the origin of this variation. As GPS data does not
show such significant seasonal variation, it is suspected that the origin of this variation would
be a factor which is uniquely related to leveling observation itself. One of such doubtful
sources is atmospheric refraction. This study deals the statistic parameters of this seasonal
variation for 13 unit sections, which is the leveling route from one bench mark to another
neighboring bench mark. If the atmospheric refraction is the cause of seasonal variation,
two characteristics would be expected. 1)The amplitude of variation is proportional to the
height difference of two bench marks. 2)The phase of variation is reverse between
ascending sections and descending sections. We examine 13 sections of the leveling route
from Kakegawa to Sagara(SF1354) to estimate the long term trend and seasonal variation
using least square method. We compared AIC(Akaike Information Criterion) values
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calculated from two different types of the models to examine which model is preferable. One
is a linear model, which means the subsidence rate is constant and seasonal variation is
random. Another model is linear function plus sine function with one year cycle, which
means seasonal variation can be modelized by sine curve. We found the latter model is
better than linear model in nine of the thirteen sections. However we also found linear model
is preferable for other four sections. The phase of variation in the most sections agree with
each other. The residual from linear trend is positive in summer and negative in winter. This
means the phase does not relate whether the section is ascending or descending. The
amplitude of seasonal variation seems to have no relation between the height difference in
each section. Therefor the current result is negative for concluding that seasonal variation is
related to atmospheric refraction.

JSG01/08A/A01-006 1015

ENVIRONMENTAL EFFECTS AND OCEAN TIDAL LOADING IN TILT DATA OF
NOKOGIRIYAMA OBSERVATORY

Steffen GRAUPNER', Hiroshi ISHII?, Gerhard JENTZSCH', Shigeru NAKAO?, Adelheid WEISE!
('Institute for Geosciences, University of Jena, Germany, *Tono Research Institute for Earthquake
Science, Japan, ‘Earthquake Research Institute, University of Tokyo, Japan)

Nokogiriyama Observatory of Tokyo University, Earthquake Research Institute (ERI),
established in summer 1993, is situated on Boso peninsula at the eastern side of the
entrance to Tokyo Bay, located at the foot of a hill at about 600 m distance east from the
coastline. It comprises underground galleries and a building for data acquisition. In
connection with several neighbouring observatories the purpose is the monitoring of
seismicity and crustal deformation in the earthquake area around Tokyo, as well as the
testing of new sensors. We compare the results of the ERI water tube tiltmeters and the
borehole tiltmeter No. 106 of the Askania type, in April 1997 installed in a 10 m deep
borehole inside the gallery close to the ERI tiltmeters. It operated with only a small drift until
June 1999. The analyses show a good correspondence between the signals of the two
instruments, not only regarding the tides but also concerning meteorological effects like air
pressure changes and precipitation, predominant in E-W direction. Due to the short distance
to the sea we observe strong ocean loading signals disturbing the body tide parameters.
Amplitude factors are amplified up to values of 10 and phases are shifted between 150° and
360° (N-S) and 40° and 120° (E-W), respectively. Loading computations were carried out
using the ocean tidal model of the National Astronomical Observatory NAO99b and NAOJb
(global and for the Japanese area, resp.), and the software GOTIC2 based on GOTIC. The
loading signals in E-W are bigger than in N-S by a factor of about 2 to 3. In N-S the observed
loading is explained by the models by about 60% to 90%, whereas in E-W the fit is between
40% and 50%. We do not assume that the existing discrepancy between computed and
observed loading tides are due to a misfit of the models; we rather suggest another
explanation: The short distance to the sea is a great drawback, esp. for tilt, because the
modling of such small scale loading is not possible. Further, we must take into account
strain-tilt coupling due to the strong ocean loading and the rough topography, which may be
the cause for the slight differences in the tidal parameters.

JSGO01/08A/A01-007 1050

ON THE SEASONAL VARIATIONS OBSERVED IN THE GSI SOUTH PACIFIC GPS
NETWORK SOLUTIONS

Hiroshi MUNEKANE, Shigeru MATSUZAKA (Space Geodesy Research Division, Geographiscal
Survey Institute, Japan)

A significant seasonal variability was found in the coordinate solutions from the Geographical
Survey Institute (GSI) South Pacific GPS Network, which covers a wide range of the Pacific
Ocean. The ocean mass loading is a very plausible cause for this variability since the ocean
surrounds every site. In this presentation, the characteristics of the variations are shown, and
the effect of the ocean mass loading is evaluated. The seasonal variability is seen in almost
all sites. It is found that dominant frequencies are annual and semi-annual from the spectrum
analysis, though the amplitudes vary from year to year. The amplitudes are strongest in the
vertical components, and annual amplitudes reach 1cm at the maximum. The annual
amplitudes and phases are changing systematically from site to site, though there is no clear
latitude dependence. As for the IGS stations, Dong et al. (2001) already presented the
amplitudes and phases of the annual variations. Those are consistent with our results. As a
preliminary estimate for the effect of the ocean mass loading on the coordinate variability,
the admittance between amplitudes of annual signals in coordinates and tide-gauge data
nearby is estimated. First, the amplitudes of annual signals in the nearest tide-gauges are
estimated. The tide-gauge data archived by Univ. Hawaii Sea Level Center are used for this
purpose. After correction for atmospheric loading effect using 1B model, steric-height
correction is done assuming the linearity between SST and steric height. Then linearity
between annual amplitudes of tide level change and annual variability of the vertical
coordinates is examined. It is found that there exists a linearity between them, and the
admittance factor is estimated to be 0.1mm(annual vertical displacement)/Tmm(annual sea
level change). However, to evaluate the ocean mass effect more quantitatively, it is
necessary to employ the green-function method with altimetry data. In the presentation, the
synthetic variability calculated with the green function method will be presented, and its
ability to explain the spatio-temporal variations observed in the coordinates is discussed.

JSG01/08A/A01-008 1105

STABILITY OF GEODETIC REFERENCE POINTS IN PERMAFROST REGION - A CASE
STUDY

Hans-J. KUEMPEL', Marcus FABIAN® ('Leibniz Institute for Applied Geosciences (GGA), *Section
of Geophysics, Geological Institute, University of Bonn)

Comparison of station velocities of VLBI and GPS reference points at the Ny-Alesund Space
Geodetic Observatory, Spitsbergen has questioned the stability of the basements of the
antennas over time spans of several years. Due to its high latitude of almost 79° N, the site
is of crucial importance for the world geodetic reference frame. The two antennas which
became operational some ten years ago are roughly 100 m apart from each other. They
have been fixed to concrete basements, erected in the permafrost ground, at 40 m above
sea level. At the test site, the subsoil is melting down to 3 or 4 meters during the arctic
summer. The basement of the VLBI antenna which has a diameter of 20 m is more massive
than that of the GPS antenna. Both the basements are in contact with the bedrock,
consisting of a folded sedimentary hard rock at several meters depth. In near distance from
the basements, the terrain falls steeply to the Kongsfjord. From August 2001 up to October
2002 we have operated three continuously recording tiltmeters of resolution 0.1 microrad on
the tops of the basements. The purpose of this campaign was to monitor micro-movements
over a period where relevant changes in ground frost conditions take place which might
affect the stability of the antenna basements. By using tiltmeters we are unable to see any
translational movements e.g., in vertical direction; rather we can infer from the presence of
significant tilt movements that the stability of the basement is reduced. Several tests with
various configurations of instrumental set-ups were conducted in the initial phase of the
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campaign. Analysis of these tests has revealed that the magnitude of tilt induced through
repositioning of the VLBI antenna is of order 10 microrad. The dominant part of this tilting
appears to be internal deformation (bending) of the concrete basement. Inspection of the 13
months long recordings suggests stable conditions for the basement of the GPS antenna at
Ny-Alesund, on the 50 microrad level. For the basement of the VLBI antenna, the situation is
less clear. There is evidence for permafrost-driven instability in May - July 2002 at this place,
however, with some doubts remaining due to partial malfunctioning of the single tiltmeter that
was operated here. The instrument was exposed to large temperature variations and
presents questionable temperature sensitivity in one of its components. Still, adopting
conservative estimates, the total observed tilt signal reflects rotational movements of the
entire basement, which do not exceed 1 millimetre (per length of the basement).

JSGO01/08A/A01-009 1120
ON THE VERTICAL CRUSTAL MOTION AND GRAVITY AT METSAHOVI, FINLAND

Heikki J. VIRTANEN, Joel J. AHOLA (Finnish Geodetic Institute)

Metsahovi is a geodetic laboratory with a large number of observations program: permanent
GPS, satellite laser ranging, DORIS beacon, absolute gravity and superconducting
gravimeter. We present results on vertical crustal motion as seen in the gravity data of the
superconducting gravimeter GWR T020 at Metsahovi station for years 1994 - 2002. The
refined tide free gravity have corrected by known seasonal hydrological effect, such as
groundwater level changes. We have associated temporal height variations with the loading
effects of the atmosphere and of the nearby Baltic Sea at the distance of 15 km. Theoretical
loading calculations using Green’s functions formalism are performed for both vertical
motion and gravity and the modelled gravity is compared with a large amount of
observational data. For Baltic Sea loading effects we have used data of the nearest tide
gauge in Helsinki at the distance of 30 km as well as data of several tide gauges around the
Baltic. The loading by atmosphere has been computed using a detailed surface pressure
field from HIRLAM (High Resolution Limited Area Model) for North Europe. The gravity data
are congruent with loading calculations. The loading effect of the Baltic Sea can exceed 10
mm and the deformation by atmosphere 25 mm. However, the effects partly oppose each
other. Though the sensitivity of superconducting gravimeter is far of other co-located
instruments, the loading effects of air pressure and Baltic Sea level can be large enough
affect the observations with other techniques. We show comparisons between variation in
GPS height and in gravity observations for some shorter periods. We discuss the results of
the loading calculations and achieved improvements in gravity residuals.

JSGO01/08A/A01-010 1135

THE SOLID EARTH RESPONSE ON CHANGING ICE LOADS IN WEST
GREENLANDINFERRED FROM REPEATED GPS OBSERVATIONS

Reinhard DIETRICH, Axel RUELKE, Mirko SCHEINERT (TU Dresden, Germany)

Bedrock areas in the marginal regions of ice sheets are especially suited to study vertical
crustal deformations caused by the viscoelastic response of the Earth on changing ice loads.
Our research concentrates on the ice-free part of West Greenland. In this region, a GPS
network consisting of 14 stations was established and observed in 1995. A complete
reobservation was carried out in 2002. We will describe the design of the network as well as
the observation strategy, which aims especially at a control of systematic effects andat a
high accuracy of the height determination. The data analysis has been carried out using the
Bernese Software v4.2.Since we were looking for height changes the analysis was
concentrated onsingle baselines. The achieved accuracies will be discussed. Finally, the
obtained results will be compared with the present knowledgeand model predictions of
recent crustal uplift rates in West Greenland.

JSGO01/08A/A01-011 1150

DERIVING NEW CONSTRAINTS ON GLACIAL LOAD HISTORY BY
GEODETICOBSERVATIONS IN DRONNING MAUD LAND, ANTARCTICA

Mirko SCHEINERT", Erik IVINS?, Reinhard DIETRICH', Axel RUELKE' (‘TU Dresden, Germany,
“Jet Propulsion Laboratory, USA)

A variety of geodetic and glaciological observations in central Dronning Maud Land (DML),
East Antarctica provide information that may constrain both the recent isostatic crustal uplift
pattern and the recent and past ice sheet configuration and flow character. Using GPS
observation campaigns in 1996 and 2001, it is possible to bound regional postglacial uplift
rates. These geodetic data, when coupled with additional constraints on recent and past ice
mass changes, allow a self-consistent glacial load history to be investigated. We examine a
spectrum of viable load histories and compute the associated isostatic deformation
signatures. Our limited goal is to reconcile the modelled signals and the observations and to
define what further observational strategies might be undertaken to simultaneously constrain
combinations of DML load history and the deep solid earth rheological response.

JSGO01/08A/A01-012 1205

VERTICAL MOTION AND GLACIAL ISOSTATIC ADJUSTMENT IN THE GREAT LAKES
REGION

Alexander BRAUN', C.K. SHUM?, Laramie V. POTTS?, Chung-Yen KUO?, Andrew TRUPIN® ('Byrd
Polar Research Center, The Ohio State University, Department of Civil and Environmental
Engineering and Geodetic Sciences, *Oregon Institute of Technology)

The deglaciation cycles of the Laurentide ice sheets havedominated the Glacial Isostatic
Adjustment (GIA) in theGreat Lakes region in the Northern United States/Canada.However,
beside the GIA induceddeformation, it has been shown that tectonicprocesses and mantle
flow have a significantcontribution on the deformation of the lithosphere. A separation of
thesetwo signals is necessary before assimilating deformation datato constrain Earth
parameters, like the viscosity, or the ice loading history. The Great Lakes region is covered
by a suite of differentgeodetic sensors allowing to quantify the vertical motion atparticular
sites. A combination of GPS, absolute gravity,satellite altimetry and water-level gauges
provide independent meansto measure present-day crustal motion. Absolute gravity
measurements have beencarried out for almost a decade at some sites west of the Great
Lakes.The technique to use satellite altimeter dataand water-level gauges to measure
vertical motion has been validatedby comparison with vertical motions from the BIFROST
project inFennoscandia. The derived results are highly accurate and can also be obtainedin
regions, where permanent GPS is not available.In general, the vertical motion in the Great
Lakes region shows uplift in the Northern part, whilethe Southern part, namely Lake Erie and
Lake Michigan, is subsiding. Since the maximum Southern extend of the Laurentide ice
sheet was locatedin that particular area, analyzing the present-day deformation can deliver
valuable constraintson Earth parameters. The visco-elastic response at the former ice
margindue to deglaciation shows a significantly different sensitivity toviscosity comparedto
the former center of the ice sheet or the far field.Here, the visco-elastic response is
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especially sensitive to the uppermost mantle viscosity.The Great Lakes area is therefore an
excellent opportunity to studythese specific parameters, which are difficult to constrain in the
centraluplift regions, where the signal is largest, but spatially uniform. Verticalmotions in the
Great Lakes region from multiple observations (GPS, GIA models,altimetry-water level
gauges) are presented together withresults of the separation of the tectonic and GIA induced
signals. Amulti-resolution analysis of gravity data using wavelets has been employed tofind
spatial and spectral characteristics. These characteristics help toidentify regions, where
tectonic or GIA influence dominates the verticalmotion signal.GIA modeling with assimilation
of vertical motion observations has been carried outin order to get improved constraints
ofGIA parameters. The model results obtained so far are presented together withresults of
geodetic observations to estimate spatial distribution of verticalmotion in the Great Lakes
region.
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STRAIN DISTRIBUTION AROUND THE HANAORI FAULT IN KINKI DISTRICT OF JAPAN
BY DENSE GPS NETWORK

Fumio OHYA, Kunihiro SHIGETOMI, Yoshinobu HOSO, Kajuro NAKAMURA (Disaster
Prevention Research Institute, Kyoto University)

We have constructed a dense GPS network around the southwest half of the Hanaori fault in
Kinki district, Southwest Japan since 1997. This fault is one of the major active faults in
Japan. The surface trace of the fault is about 45km long and the slip direction is right lateral
inferred from some geological evidences, but ongoing creep on the fault surface is not
recognized on the outcrop. On geological point of view, central Kinki area forms a triangular
shape named as “Kinki Triangle” by Huzita(1962). The Hanaori fault is a part of northwest
border of the Triangle. On seismological point of view, the northwest side of this fault is
Tamba highlands, where the seismic activity has increased after the Hyogo-ken Nanbu
Earthquake( Jan.17,1995, M7.2). And the result of the triangulation surveys over a century
revealed the strain contrast around the fault. Surveys in our dense GPS network were
started motivated by two interesting points, one is the cause of the contrast in various data,
such as geological, seismological and geodetic. The second point is earthquake prediction
on this fault. The analysis of the coordinates of the permanent stations in GEONET, which is
national GPS array in Japan operated by GSI, proved high strain rate zone from Awaji
Island, located at southwest of Kobe, to Niigata at the Japan Sea coast. The northwest
border of “Kinki Triangle” is located in this zone and also the Hanaori fault is. The
mechanism causing this zone is not obvious and the information on strain distribution in this
zone is necessary to reveal the mechanism. Our network consists of 17 newly constructed
observation points and the data are analyzed including those at neighboring GEONET
stations and some existing stations of Kyoto University. We operate continuously single or
dual frequency receiver at four stations of new stations and have made epoch observations
twice a year in the other stations. A GEONET station whose seasonal variation in their
coordinates is smallest in the surrounding area is decided as a reference point in the
analysis. The displacement field referred to the reference point reveals the clockwise
rotation. We will finally present the strain distribution in this network. The strain distribution in
space is mainly contractive and the dominant direction of the strain is NW-SW direction. But
obvious discontinuity in strain cannot be found.

JSG01/08P/D-002 Poster 1400-002

INTER-PLATE COUPLING BENEATH THE NE JAPAN ARC INFERRED FROM 3
DIMENSIONAL CRUSTAL DEFORMATION

Yoko SUWA, Satoshi MIURA, Akira HASEGAWA, Toshiya SATO, Kenji TACHIBANA (Tohoku
University)

NE Japan is located at a typical subduction zone, and is a seismically very active region
where large interplate earthquakes have occurred repeatedly. The nation-wide network of
GPS observation (GEONET) recently constructed enables us to investigate the crustal
deformation in detail. Based on data obtained by this network, interplate coupling has been
studied by inverse methods (e.g. Nishimura et al., 2000). Because of relatively poor
accuracy in the vertical component of displacements, however, they estimated model
parameters by weighting the horizontal components largely, and sometimes encountered the
inconsistency between calculated vertical displacements and observed ones. In this study,
we devise a new model for interplate coupling by means of 3D displacement field to explain
not only horizontal components but vertical ones. We used data of continuous GPS stations
operated by GSI and Tohoku University from 1997 to 2001, and the data was analyzed using
the Precise Point Positioning (PPP) technique of GIPSY/OASIS-II in order to derive vertical
displacements more reliably. We assumed each displacement component as a linear
function of time to estimate the velocity. Obtained result shows that vertical displacements
near the Japan Sea coast show uplift, while those near the Pacific Ocean coast show
subsidence. This characteristic pattern of vertical deformation is in good agreement with the
result of leveling survey operated by GSI, which indicates that vertical components of the
velocity derived by GPS are reliable and can be used as the data of the inverse method. In
this study, we used a geodetic inversion method, GDBYS, developed by Yabuki and
Mtsu’ura(1992). Obtained result shows that strong coupling is estimated in two areas, off
Tokachi and off Miyagi, which correspond to the northern asperity of the 1968 M7.9 Tokachi-
Oki earthquake, and to the asperity of the 1978 M7.4 Miyagi-Ken-Oki earthquake,
respectively. The depth of the aseismic front is seismologically estimated to be 50-60km, and
the region shallower than this depth is regarded as the coupled zone of the plate boundary
(e.g. Igarashi et al., 2001). The back-slip distribution derived from 3D displacement field in
this study, however, extends down to about 100-120km depth. One possible cause for this
may be the existence of a transition zone, where the coupling rate decreases from about one
at about 60 km depth to zero at around 100km depth, due to the subduction of old and cold
oceanic slab.
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Kunio FUJIMORI (Graduate School of Science, Kyoto University)

A GPS array with about 1,000 stations (GEONET) is operating in Japan. The GPS data
obviously show secular crustal deformation in the Japan island. When homogeneous strain
was removed from observed strain field, spatial distribution of local crustal deformations can
be found. Based on daily coordinate data of the GPS stations in the center part of the Kinki
district, the E-W and N-S components of GPS horizontal displacements were reduced by
0.04 mm/km/year and 0.02, respectively. As a result, a fine boundary appeared in
displacement vector distribution. On the northwest side of the boundary the vectors are
small, and on the southeast side the vectors to the west are large. The vectors show a right
lateral movement of about 3 mm/year on the boundary. A vertical movement of about 3
mm/year is seen too. Therefore, it is thought that the boundary is a creep fault with a share
zone of about 20km in width. The fault will extend from the Akashi strait to the north part of
the Chubu district through the north Biwa lake. In addition, it is recognized that historical
large earthquakes (M =7) occurred in the fault neighborhood and that the fault crosses a lot
of active faults. The existence of this creep fault will mean that a giant shear fracture is
progressing slowly in the center part of the Japan island, the Kinki and Chubu districts, under
the E-W compression. It is said also that the large earthquakes in Western Japan were
generated before and after the great earthquakes on the Nankai trough. When the great
earthquake are compared with the historical large earthquake along the creep fault at
occurrence time, it seems that the cycles of the large earthquake occurrences along the
creep fault were reset by every other great earthquake on the Nankai trough. It is thought
that earthquakes of M7 class can be predicted if continuous observation stations for crustal
deformation are arranged along the creep fault because strain changes before earthquakes
were observed at the stations which were located on this creep fault.
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SPATIO-TEMPORAL DISTRIBUTION OF INTERPLATE COUPLING IN SOUTHWEST
JAPAN DEDUCED FROM INVERSION ANALYSIS

Takeo ITO, Manabu HASHIMOTO (RCEP, DPRI, Kyoto University)

From the viewpoint of long-term forecasts of great earthquakes, it is important to clarify the
accumulation process. In order to clarify the accumulation process of tectonic stress, one
strategy is to perform an inversion analysis using the available crustal deformation data. The
crustal deformation data contain useful information about the spatio-temporal distribution of
slip on the plate interface. We try to obtain the spatio-temporal distribution of the strength of
interplate coupling from geodetic data such as leveling, triangulation and trilateration, and
GPS surveys during recent 100 years in SW Japan. To evaluate this spatio-temporal
distribution on the plate interface, we develop a new inversion method. This inversion
method can treat the long-term crustal deformation data, the earthquake cycle and the stress
relaxation of the viscoelastic asthenosphere. In our inversion method, the spatio-temporal
slip rate distribution is expressed by the superposition of basis functions (B-spline functions
of one degree in time domain and bi-cubic B-spline functions in space). Therefore, we can
deduce the amount and direction of slip rate, and their temporal change by determining the
coefficients of each basis function. We used the dislocation theory in viscoelastic body to
calculate displacement rates at each observation points from slip rates on the plate interface.
We also apply prior information about the smoothness of spatio-temporal distribution of slip
rates. We construct a highly flexible model in which relative importance between observed
and prior data is controlled by hyperparameters. To determine the most optimal
hyperparameters, we used ABIC. Therefore, we can uniquely determine the spatio-temporal
distribution of slip rates. From this analysis, we obtain afterslips in the deeper part of the
plate interface following the 1946 Nankaido earthquake at postseismic stage. The maximum
afterslip is found beneath central Shikoku, and the total afterslip is about 1.0m. The slip
deficit rate at interseismic stage is 5-6 cm/year in the N45W-N70W direction, which is almost
consistent with the relative plate motion between the Philippine Sea and the Amurian plates.
A strongly coupled region is found in the shallower portion than 30 km, and the slip deficit
rate takes its maximum at the depth of about 20 km. The interplate coupling is very weak on
the plate interface deeper than 30 km. If we assume recurrence time of interplate
earthquakes to 92 years, the predicted amount of coseismic slip may reach about 6m off
Shikoku and about 3m off Kii peninsula.
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A MODEL WITH RIGID ROTATIONS AND SLIP DEFICITS FOR THE GPS DERIVED
VELOCITY FIELD IN SOUTHWEST JAPAN

Sou NISHIMURA, Manabu HASHIMOTO (Research Center for Earthquake Prediction, Disaster
Prevention Research Institute, Kyoto University)

In order to know kinematic tectonics of southwest Japan, GPS derived velocity field is
analyzed. It consists of two factors; the one is the elastic deformation caused by slip deficits
on the locked portion along the block boundary, and the other is rigid motion of regional
tectonic blocks ( or plates ).  Therefore rigid motions cause significant errors to the
estimation for slip deficits. For example, the velocity field in southwest Japan cannot be fully
explained only by a model with slip deficits. Residuals in such model imply the influence of
E-W collision between southwest Japan and northeast Japan and the backarc spreading
along the northern extension of the Okinawa trough. ~ We interpret the velocity field in
southwest Japan by a superposition of the elastic deformation caused by slip deficits and
rigid motions. Based on strain rate field and crustal seismicity, we apply a model with 3
blocks ( Inner Arc, Outer Arc, and the northern Ryukyu ) and slip deficits along the block
boundaries.  Some interesting features of southwest Japan are revealed: (1) westward
motion of the outer arc relative to the Amurian plate and the inner arc, (2) southward motion
of the northern Ryukyu block relative to the Amurian plate, (3) small right lateral slip deficits
along the boundary at the latitude 32°N in southern Kyushu, (4) small left lateral slip deficits
along the Median Tectonic Line and the Beppu-Shimabara Graben, (5) slip deficit rates on
the plate interface smaller than in the case that rigid rotations are not considered, (6)
clockwise deflection of the direction of slip deficits from that estimated in the case that rigid
rotations are not considered.

JSG01/08P/D-006 Poster 1400-006

CRUSTAL DEFORMATION OF THE NE JAPAN ARC AS DERIVED BY CONTINUOUS
GPS OBSERVATIONS

Toshiya SATO, Satoshi MIURA, Yoko SUWA, Akira HASEGAWA, Kenji TACHIBANA (Research
Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku
University)

A dense GPS network was established in 1997 around Ou Backbone Range (OBR),
northeastern Japan, by deploying 9 new continuous GPS stations so as to complement
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sparse portions of GPS Earth Observation Network (GEONET) operated by Geographical
Survey Institute of Japan (GSI). This observation network is aimed to investigate the present
surface deformation and to understand the relationship between the occurrence of intraplate
earthquakes and the deformation process of the island-arc crust. Our GPS data are
analyzed using a precise point positioning technique of GIPSY/OASIS-II. Coordinates of the
GEONET stations have been supplied in daily SINEX files by GSI. Obtained results of
vertical displacements show slight upheaval near the Japan Sea coast, while subsidence
near the Pacific Ocean coast. This overall pattern is in good agreement with the result
obtained from the leveling surveys operated by GSI. In addition, the subsiding rates in the
region between 39.0N and 39.6N are slightly larger than the surrounding regions. This may
be related to the strain accumulation in OBR.Producing grid data of horizontal displacement
velocities and taking spatial derivatives, we can draw a map of strain velocity distribution.
The result shows that a region between 38.8N and 39.8N in OBR demonstrates notable
concentration of EW contraction. The region coincides with the area of active seismicity and
includes the focal areas of 1896 (M7.2), 1962 (M6.5), and 1970 (M6.2) events. Observed
strain is too large to explain by a total moment release of earthquakes that occurred in the
same period as the GPS observations. There must be some possible sources of the strain
concentration: viscoelastic deformation due to the large earthquakes, or aseismic slip along
the deeper extension of active faults.
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TECTONIC CREEP OF THE ATOTSUGAWA FAULT SYSTEM, INFERRED FROM GPS
OBSERVATION

Yuki MATSUURA, Akira TAKEUCHI (Department of Earth Sciences, Toyama University)

The Atotsugawa fault system (AFS) consisting of a series of NE or ENE striking right-lateral
strike-slip faults, such as the Atotsugawa fault, Ushikubi fault, and Mozumi-Sukenobe fault, is
the most active structure in the northern Hida region of central Japan. Previous studies had
been conducted on the fault system, and revealed high seismicity of micro earthquakes
along the fault trace, for example. Recent geodetic studies have suggested the creep
movement of Atotsugawa fault, the main fault of the AFS, probably. But, so far, laser ranging
across the fault only shows the creep movement near surface on the central portion of the
Atotsugawa fault. It is not clear whether creep movement on the other fault of AFS is
possible, and depth of creeping. In this study, in order to reveal nature of creep movement
of area inserted into the fault system, we analyzed the GPS data around the AFS, from both
Geographical Survey Institute of Japan, and the Atotsugawa GPS array observation points of
Nagoya University. In a data of period from April 24 1997 to August 31 2002, the solution
results in creep movement of the AFS: (1) the results show right-lateral creep movements
occurring on both the Atotsugawa fault and the Ushikubi fault. (2) All observation points in
central and eastern areas between the Atotsugawa and Ushikubi faults show clockwise
rotation, suggesting one rigid block of between the two faults. (3) Furthermore, for a rate
ingredient of the perpendicular displacement to the fault trace of the AFS, it shows that the
Atotsugawa fault is possessed of bigger distortion than the Ushikubi fault. Lastly, (4) it is
possible that Atotsugawa fault system might extend northeastwards, based on the
displacement of eastern end region of the AFS. This study shows an interesting result of
rotational displacement of area between the Atotsugawa fault and Ushikubi fault. But to
reveal the detailed feature of this area, we will install additional observation points.
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CURRENT DEFORMATION AT THE ITOIGAWA-SHIZUOKA TECTONIC LINE IN
CENTRAL JAPAN DETECTED BY GPS

S. Jason ZHAO, Y. KANEDA (Japan Marine Science & Technology Center)

The ltoigawa-Shizuoka Tectonic Line (ISTL) represents the boundary between the Amurian
and North American plates in central Japan. Geological investigation reveals that it is a left-
lateral strike-slip fault with a motion rate of 3~10 mm/yr. Results from Paleo-seismological
study show that at least three events occurred in 224-186 A.D., 150-334 A.D., and 839-189
B.C., respectively, and the left-lateral coseismic slip during the last earthquake is about 6~9
m (Okumura and Imura, EOS, 76, No. 46, F363, 1995). Although there are more than 40
permanent GPS stations near or around ISTL, there is no direct assessment available for the
current motion of ISTL. Crustal deformation in the region is dominated by subducting Pacific
(43~50 mm/yr) and Philippine Sea plates (73~79 mm/yr), so that the deformation of small
magnitude (<10 mm/yr) associated with active faults has been masked. In this study, using
GPS observations and geometry of subducted slabs as constraints, we first construct a
three-dimensional kinematic model to simulate the subduction of the Philippine Sea plate at
the Suruga and Sagami troughs and the Pacific plate at the Japan trench. Then, we
determine local deformation by removing the regional deformation associated with plate
subduction from the GPS observations. As a result, relative motion between two flanks of
ISTL is clearly exposed. In northern Kanto, the west-southwestward motion of GPS stations
indicates the motion of the North American plate relative to the Amurian plate. The distinct
boundary between two different types of motion trend revealed by GPS clearly demonstrates
the current motion of ISTL. An inversion analysis of observed surface deformation for active
segments on the ISTL indicates that the motion of ISTL in the north has been mostly
accommodated by its NE branch with a right-lateral strike-slip, which could be connected to
the Nagano fault system. The upper part (depth < 15 km) of the central segment of ISTL is
locked, whereas slip at the lower part of the crust accommodates the relative motion
between the Amurian and North American plates in the region. Deformation in the south is
compounded with interplate deformation and displays a complex pattern. Since the
horizontal width of locked middle segment of ISTL is large (~100 km), its capability of
generating large earthquakes is relatively low comparing with a narrow locked fault zone.
However, inland earthquakes could occur in the surrounding area of the ISTL due to stress
localization at the margin of locked zone. http://www.geocities.com/subduction99/index.html
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CURRENT PLATE KINEMATICS IN NORTHEASTERN ASIA BY GPS DATA:
INTERACTION OF AMURIAN OKHOTSK, EURASIA AND NORTH AMERICAN PLATES

Hiroaki TAKAHASHI', Evgenii I. GORDEEV?, Vilory F. BAKHTIAROV?, Vasily E. LEVIN?,
Nikolay F. VASILENKO®, Alexei IVASHCHENKO?, Mikhail D. GERASIMENKO?*, Nikolay
SHESTAKOV!, Vladimir A. BORMOTOV?, Minoru KASAHARA' ('Institute of Seismology and
Volcanology, Hokkaido University, *Kamchatka Experimental and Methodical Seismological
Departhment, Russan Academy of Sciences, *Institute of Marine Geology and Geophysics, Russian
Academy of Sciences, ‘Institute of Applied Mathmatics, Russian Academy of Sciences, ‘Institute of
Tectonics and Geophysics, Russian Academy of Sciences)

A continuous GPS network has been established in far eastern Russia with more than 15
new stations to investigate the current plate kinematics in northeastern Asia. We succeeded
to install new sites in Kamchatka, Komandorski Island, Sakhalin, Khabarovsk and Primorskiy
regions. These data have helped to illustrate the crustal deformation associated with the
plate interactions in this region. We recognized the independent eastward motion of the
Amurian plate relative to the Eurasian plate, which generates the plate convergence along
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the eastern margin of Sea of Japan with 2-3cm/yr and gives new framework of plate
kinematics around Japan. The station at Komandorskiy island clearly indicates full coupling
of the transform boundary between the North Amerincan and Pacific plates. Stations at
Kamchatka have been secularly affected by the subducting Pacific plate and both coseismic
and post-seismic rebound have been recorded. Our data so far does not yet indicate
whether the Okhotsk plate exists or not because the Kamchatka region is very complex and
the data observation period has been too short to separate the effects of the plate
subduction along the Kamchatka trench. Combined with the IGS network, our GPS data will
give geodetic constrains needed to establish plate kinematics in northeastern Asia, Bering
and Alaska regions.
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ON THE CRUSTAL DEFORMATION STUDY FROM PERMANENT GPS STATIONS IN
KOREA

Hong-Sic YUN, Jae-Myoung CHO (Department of Civil & Environmental Engineering,
Sungkyunkwan University)

The Korean peninsula is 200~300km wide and 1000 km long from north to the south,
protruding from the eastern part of the Eurasian continent. The Korean peninsula extends
southward from northeast Asia and has a close affinity with the Asian continent, especially
with the Northeast China paraplatform, in geological and tectonic setting. In historical
documents many destructive earthquakes were recorded, especially in 6th~7th, 13th and
16th~18th centuries. They remarked that steady accumulation of crustal strain and its
sudden release by earthquakes occurred repeatedly in the Korean peninsula during those
times. In Korea, National Geography Institute (NGI) has established fourteen permanent
GPS sites in a continuously operating reference station network since 1995 for the purpose
of cadastral surveying, geodynamic application and atmospheric research. The purpose of
this study the characteristics of strain pattern by using permanent GPS stations in Korea in
terms of seismic activity and tectonics. In this study the GPS network is composed of
fourteen permanent GPS stations. Each of the analyzed fourteen stations has at least 3
years of continuous data during 1999 and 2002. The data were analyzed using the GIPSY-
OASIS II. For the solution of baseline vectors we designed the triangulation network which
consist of fourteen stations. One baseline was allocated to each ten day and ten daily
solutions were computed for each baseline. Allocation of one baseline per ten days ensured
that separate baseline solutions were independent. We could calculate horizontal strains
from the difference of the mean baseline vectors of ten daily solutions between the time span
of three years, if they had enough accuracy for the present strain calculation. The main
characteristics of the strain change during the three years in Korea obtained from the
present study are revealed that the mean rate of the maximum shear strain change is
0.122u/yr and the direction of the principal axis is about 85°. The mean rate of dilatation is
also -0.004p/yr. The GPS network composed of fourteen stations in Korea shows localized
deformation with maximum shear oriented NNE-SSW and compression deformation from
negative dilatation. This mean rate of maximum shear strain is nearly one third of the mean
rate of Japan deduced from the data of the revision survey of the first order triangulation net.
Considering the relationship with the results of present research, there is a clear difference in
the direction of the axis between the Korean peninsula and the East sea side of Chugoku
district of Japan, notwithstanding the similarity in the seismicity and the strain rate in the both
areas. This gives a strong likelihood of the existence of a certain tectonic line between the
southern part of the Korean peninsula and the Chugoku district, Japan.
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Chi-Ching LIU (Institute of Earth Sciences, Academia Sinica)

Geodetic monitring, including precise leveling, trilateration, tidal guage station, and GPS,
have been conducted for two decades along the eastern coast of Taiwan. These geodetic
networks covers several significant tectonic regimes such as the Ryukyu trench-arc system,
the Okinawa Trough north of the arc, and the collsion boundary between the Phillipine Sea
Plate and the Eurasian plate. The llan Plain which located at the southwest continuation of
the Okinawa Trough, show that the whole basin tilted to the east at a rate of 0.44 pradian/yr.
The subsiding rate is faster at the center axes of the trough with rate of 20 mm/yr. At south
bound of the basin, the subsidence was episodic, and was controlled by the local
seismicities. Both precise leveling and GPS results show that he southern edge of the plain
has been opening clockwise with rate of about 1 pradian/yr, and the process is still going on.
The Hualien area right above the subduction zone experienced several episodic uplift during
the period of study. Uplifts of several decimeters were observed as cosiesmic or postseismic
events. Evidences from both sea level obervation and precise leveling also indicated fast
uplifting of 20cm during the six month period between two major earthquakes in this area.
For the hundred km long coast along the collision boundary show a consistent overall
northward tilting rate of about 0.2 prad/yr. There are several events occurred during the last
two decades which caused some signicant elevation changes in the local area, but the
overall tilting rate is still kept constant. Uplift rate derived from the morphology of the marine
terraces and their dates also shows similar tilt pattern with rate of about 0.1 urad/yr. However
the rates derived from the marine terraces, which indicate the average uplift rate for the past
thousands of years, are only about half of the rated derived from precise leveling in the past
two decades. Borehole strainmeters and densed continuous GPS network are deployed in
this area, and an integrated geodetic network will cover this plate boundary as part of the
Plate Boundary Observatory of Taiwan in the next few years.
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NICOYA, COSTA RICA, TRANS-PENINSULA GPS EXPERIMENT AND INTER-PLATE
COUPLING

Takeshi INUMA', Marino PROTTI?, Koichiro OBANA?, Shin'ichi MIYAZAKI', Victor
GONZALEZ?, Rodolfo VAN DER LAAT?, Teruyuki KATO', Yoshiyuki KANEDA®, Enrique
HERNANDEZ? ('Earthquake Research Institute, University of Tokyo, *Observatorio Vulcanologico y
Sismologico de Costa Rica, Universidad Nacional, ‘Institute for Frontier Research on Earth Evolution,
Japan Marine Science and Technology Center)

We have been carrying out a GPS (Global Positioning System) observation project in Nicoya
peninsula, Costa Rica, since 2001. Costa Rica is located in the western margin of the
Caribbean plate, and the Cocos plate is subducting beneath the Caribbean plate from the
Middle American Trench. The convergent rate between these two plates is about 90mm/yr in
this area. Because of this rapid convergence, large earthquakes often occur at the western
coast of Costa Rica. The Nicoya subduction segment in northwestern Costa Rica has
ruptured with large earthquakes in 1853, 1900 and 1950. Recently, two large earthquakes
occurred around this peninsula (Mw 7.0 in 1990 to the southeast and the 1992 Mw 7.6 off
Nicaragua to the northwest). There is a clear seismic gap, the “Nicoya seismic gap” between
the rupture areas of these two earthquakes. In the Nicoya seismic gap, a strong coupling of
the two plates is manifested by low background seismicity, the sharp edge of aftershock
zone of the 1990 and 1992 earthquakes (Protti et al., 1995), and the northeastward
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movement of the Nicoya peninsula recorded with GPS observations (Lundgren et al., 1999).
Protti et al. (2001) estimates that a Mw=7.5 earthquake is likely to occur in the Nicoya
seismic gap. Since Nicoya peninsula lies above this gap, GPS observations in this peninsula
provide invaluable data for various studies about the seismic coupling, the updip and
downdip extends of the seismogenic zone and the potential earthquake. Thus we started a
new GPS survey program in Nicoya peninsula in 2001 by Observatorio Vulcanolégico y
Sismolégico de Costa Rica, Universidad Nacional (OVSICORI-UNA) and Japan Marine
Science and Technology Center (JAMSTEC) with support of the Japan International
Cooperation Agency (JICA). Seven new benchmarks for GPS campaign observations were
installed completing a 10 sites transect across Nicoya peninsula (Obana et al., 2002). In
2002, the project was progressed by OVSICORI-UNA, JAMSTEC and Earthquake Research
Institute, University of Tokyo (ERI) as a cooperative operation of JICA. The second
campaign observation was held during the period from September 23, to October 12, 2002,
and we obtained displacement vectors from the data. We will be presenting the results of
GPS campaign observations and results from one-dimensional inversion analysis about
inter-plate coupling using obtained displacement data.

JSG01/08P/D-013 Poster 1400-013

DETECTION OF RECENT TECTONIC MOVEMENTS AT THE WESTERN PART OF
NORTH ANATOLIAN FAULT ZONE (NAFZ) BY GEODETIC TECHNIQUES

Haluk OZENER, Asli Garagon DOGRU, Onur YILMAZ, Bulent TURGUT, Onur GURKAN
(Department of Geodesy, KOERI, Bogazici University)

Turkey, having a long history of destructive earthquakes, is located in the Alpine-Himalayan
seismic belt. In the past years, many researchers have focused on the activity in the North
Anatolian Fault Zone (NAFZ) which is one of the most active fault zones in the world. Since
1972 geodetic studies have been concentrated at the Western Part of NAFZ. The region that
has a high risk of earthquakes is about 150 km east of Istanbul with a high density of
population and industrial infrastructure. The aim of these geodetic studies is to detect crustal
deformations in this area. Three microgeodetic networks that are at Iznik with 10 points,
Sapanca with 7 points, and Akyazi with 10 points on NAFZ have been established in order to
monitor crustal displacements by Geodesy Department of Kandilli Observatory and
Earthquake Research Institute (KOERI) of Bogazici University. These microgeodetic
networks were constructed to control the Iznik-Mekece fault zone, the Izmit-Sapanca fault
zone and their intersection area, the Mudurnu fault zone. The first period observations were
performed by using terrestrial methods in 1990 and these observations were repeated
annually until 1993 by using total-station and electromagnetic distance-meter instruments.
Since 1994 GPS measurements have been carried out at the temporary and permanent
points in the area and the crustal movements are being monitored. Horizontal deformations
which have not been detected by terrestrial methods were determined from the results of
GPS measurements. During the recent 3 years after the August 17, 1999, M=7.4, Izmit
Earthquake that caused extreme damage in the region, many investigations have been
pursued. One of them is an international project performed with the collaboration of MIT,
Turkish General Command of Mapping, Istanbul Technical University, TUBITAK Marmara
Research Center and Geodesy Department of KOERI. In this project, GPS campaigns have
been performed at least twice a year at distributed 49 points that spread over Marmara
region. During these surveys, another network with 6 points has been formed by using 2
points from each 3 microgeodetic networks on NAFZ with appropriate coverage and
geometry. These points have been connected by GPS observations to monitor the
deformations. This expanded microgeodetic network has been occupied with Istanbul-
Kandilli continuous GPS point (KANT). This study reports the evaluation of data from
expanded microgeodetic network observations.

JSG01/08P/D-014 Poster 1400-014

3-D VISCOELASTIC FEM MODELING OF POSTSEISMIC DEFORMATION CAUSED BY
THE 1964 ALASKA EARTHQUAKE, SOUTHERN ALASKA

Hisashi SUITO', Jeffrey T. FREYMUELLER', Steven C. COHEN? ('Geophysical Institute, University
of Alaska, Fairbanks, *Geodynamics Branch, NASA's Goddard Space Flight Center)

To complement previous modeling efforts to understand the postseismic deformation
following the 1964 Alaska earthquake, we are implementing a three-dimensional viscoelastic
model using the Finite Element Method. Rapid postseismic uplift reached as large as 125
cm, was observed on the central part of the Kenai Peninsula over the 35 years following the
earthquake. Recent precise GPS observations show heterogeneous plate coupling, and a
vigorous ongoing postseismic response to the 1964 earthquake. Past models of the
postseismic deformation have focused on afterslip models because earlier viscoelastic-only
models did a poor job at predicting the cumulative uplift observations, but this might be due
to unrealistic assumptions for the model geometry. We are working toward a realistic 3D
viscoelastic model that, in concert with afterslip models, can be used to understand how
much each component contributes to the total postseismic deformation. We must develop a
model with a realistic three-dimensional structure, viscoelastic response, and coseismic slip
distribution. The rupture distribution was highly non-uniform, with most of the moment being
released by two separate asperities. The largest moment release occurred offshore and
beneath the Prince William Sound and the eastern Kenai Peninsula. The other moment
release occurred beneath Kodiak Island, and much less slip occurred in the area between
these two asperities. We will report the results of two-dimensional models with layered
structure, with a dipping subducting slab and very low dip fault. We will generalize these
models to three dimensions, and evaluate which aspects of the model are most important for
predictions of total uplift and present deformation rates. We compare these simpler models
with the results of realistic three-dimensional model.

JSG01/08P/D-015 Poster 1400-015

SECULAR AND TRANSIENT CRUSTAL MOVEMENTS IN THE 1964 ALASKA
EARTHQUAKE SUBDUCTION ZONE

Steven Charles COHEN!, Jeffrey FREYMUELLER?, Chris LARSEN?, Hisashi SUITO?, Chris
ZWECK’® ('Geodynamics Branch, Goddard Space Flight Center, *Geophysical Laboratory, University
of Alaska Fairbanks, *Alfred-Wegner-Institut)

Precision leveling surveys, tide gauge measurements, and GPS observationsconducted over
the four decades since the 1964 Great Alaska earthquakehave revealed a temporally and
spatially complex pattern of crustal deformation.In the years immediately following the
earthquake, rapid uplift occurred in theregion that subsided coseismically. Initially the uplift
rate exceeded150 mm/yr, in some locals, but the rate of uplift decreased rapidlyafter a few
years. The mechanism most likely to have been responsible for the uplift is aseismic slip
occurring down-dip of the earthquake rupture. The cumulative postseismic uplift since the
earthquake is 1 m or more where thepostseismic uplift was most rapid. In other locales,
postseismic uplift rateshave changed with time, but the initial rates were smaller and the
transientrelaxation times are longer than those just mentioned. At yet other locales,there
has been no apparent change in the rate of uplift since the earthquake,but a variety of
arguments suggest that the uplift rates will not be sustainedover the entire recurrence time



until the next major event. It is likely thatsome of the longer lived transient deformations are
associated with viscoelasticrebound. There are other forms of transient deformations that
have beenobserved including deep aseismic creep events on the plate interface
(silentearthquakes), whose signal at the surface is a reversal in the direction ofhorizontal
crustal movement from that seen when strain is accumulating. Takenas a whole the
observations suggest that there are temporal and spatialvariations in the coupling at the
plate interface. Some of the spatialvariations appear to correlate with the complex asperity
rupture pattern ofthe earthquake.

JSG01/08P/D-016 Poster 1400-016

POSTSEISMIC DEFORMATION FOLLOWING THE 2000 WESTERN TOTTORI
EARTHQUAKE, SOUTHWEST JAPAN, USING GEONET AND URGENT CAMPAIGN GPS
DATA

Manabu HASHIMOTO!, Takeo ITO', Takao TABEI’, Takeshi SAGIYA® ('Disaster Prevention
Research Institute, Kyoto University, ’Kochi University, *‘Geographical Survey Institute)

The 2000 Western Tottori earthquake of Oct. 6, 2000 is a typical inland earthquake in Japan
with left-lateral strike-slip faulting on a NNW-SSE trending vertical fault plane. The
Geographical Survey Institute have been operating continuous GPS observation network
(GEONET). Since the average spacing of observation sites are too sparse to observe
postseismic deformation, GSI and The Japanese University Consortium for GPS Research
(JUNCO) deployed temporal observation sites. JUNCO deployed a dense GPS network with
16 dual frequency receivers surrounding the source region immediately after the main shock.
Most observations were carried out continuously until the end of October 2000, and some
sites equipped with dual frequency receivers were reoccupied in March 2001. GSI
established two temporal sites with dual frequency receivers in October 2000 and continued
the observation till the end of 2001. We observed a slowly decaying movement at every site.
The spatial pattern shows left lateral motion across the source fault, similar to the coseismic
displacements. We derived the amount of afterslip on a shallow part of the source fault from
this spatial pattern. We also estimate the distribution of afterslip using a multi-segment fault
model and obtain the largest slip of about 4cm near the epicenter of the mainshock, while
the northernmost segment appears to have the smallest slip of about 2cm.If we fit
exponentially decaying functions to the data from the JUNCO sites occupied in March 2001,
we obtain time constants of 20 to 40 days. However, this may be inconsistent with the idea
of afterslip on the source fault or its extension, since an exponential decay function is closely
related to the relaxation of stress in a viscoelasitc layer.Here we fit the temporal variation of
coordinates of JUNCO sites with the following logarithmic decay function proposed by
Marone et al. (1991). In this nonlinear fitting, we assume a non-negative constraint on the
parameter related to coseismic velocity. We obtained positive coefficient of friction at 6 of 12
sites. They give a value of (a-b) consistent with laboratory data for a velocity-strengthening
layer at a shallow depth. Mainly because of the lack of data between October 2000 and
March 2001, appropriate values could not be obtained at other sites. We will present results
of the analysis using both GSI and JUNCO's data.

JSG01/08P/D-017 Poster 1400-017

SYSTEMATIC DETECTION OF TRANSIENT AND PERMANENT CRUSTAL
DEFORMATION USING HIGH-DENSITY GPS NETWORK DATA

Yuzo TOYA, Minoru KASAHARA (Institute of Seismology and Volcanology, Hokkaido University,
Japan)

A scheme is being developed for systematic detection of transient and permanent crustal
deformations using large-scale GPS network data. Network operated by the Geographical
Survey Institute of Japan covers the Japanese Islands with approx. a thousand observation
stations, 25 km apart. Their recordings of station position changes that we used here have
accumulated length of about 5-6 years. To systematically measure transient and permanent
deformations, we started by evaluating the validity of our linear approximation to each time-
series dataset. For example, how ‘transient” an event is depends on the reference-duration
of observation, or sampling time-interval. First, we (1) removed most obvious high-frequency
noise, with five-point median filtering, and (2) removed additive seasonal variations (annual
and semi-annual components) from observation time-series, hypothetically to isolate
geodynamic signals besides other noises. Before subtracting the seasonal components, the
drift (approximated by 2nd-order polynomial) and a major step were temporarily eliminated
from each time-series. (3) Datasets containing significant irregularities in their time-series
were isolated and later classified according to source types of those transient events or
noises. Mean absolute error [MAE] was used to measure the deviation of observation data
from our linear approximations. At the onset of a transient event, say a step of given positive
height and slope, absolute (apparent) velocity would become much higher than the
background rate for a duration [Tp] that of a fixed sampling time-interval plus the transient
event length. Maximum absolute velocity and its corresponding MAE are, in general,
positively correlated with step height and slope, while the parameters also depend on the
duration of observation. The longer the observation period is, the less significant a transient
event appears. (4) Datasets that have good fits to linear approximations (the goodness of fit
with 95% conf.) were then applied to map horizontal distribution of strain rates. Before
calculating strain rates, velocity vectors were interpolated and filtered with a median
averaging window (e.g., R=50km; grid spacing=0.15deg). This technique helps reduce
noises and outliers; besides it upholds robust trends in data. Spatial resolution in the original
high-density station arrangement was well- maintained in result. Resultant maps effectively
highlighted many known tectonic features. Bands of high maximum shear-strain and
shortening rates characterize active transient and/or permanent geodynamic processes.
Recently discovered distribution of low-frequency tremors along Sanbagawa Metamorphic
Belt, western Japan, matches well with one of the bands of high strain rates. Furthermore, a
sequence of strain-rate maps markedly suggests intermediate-term transitions in the regional
stressing environment. It is partly supported by the observable shifts in orderly strain-rate
distribution patterns from one period to another. Moreover, strain rates in southern Kanto
and along Itoigawa-Shizuoka Tectonic Line to Suruga-Bay are noticeably increasing.
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PRECISE MEASUREMENT OF SOUND VELOCITY AND ATTENUATION IN SITU FOR
AN ESTIMATION OF SMALL STRESS CHANGE

Osam SANO', Keiko YAMAMURA?, Yasuko TAKELI', Shigeru NAKAO', Hisashi UTADA', Yoshio
FUKAO' ('Earthquake Research Institute, University of Tokyo, *Osaka University)

It is often difficult to get high reliability in the observation of small change for long period,
e.g., 0.01 micro-strain even for a month, by using extensometers, tilt meters and borehole
strain meters, although it is easy to get high resolution for short period. Environmental
disturbances and possible time-dependent deformation within the stress concentrated region
could be responsible for such a low reliability. Drifts in the DC-offset and gain of the
amplification are also responsible. A measurement of the sound velocity is one of the
candidates to overcome such a problem, because the reliability of the temporal change in
the sound velocity is fundamentally determined by the base clock of the system and the
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clock is one of the most stable transducers. Timing error in the triggering the waveform
recorder can easily be reduced by an averaging method. A phase drift can also be reduced
by employing an amplification system with sufficiently wide frequency range. Precise and
continuous measurements of in situ sound velocity and attenuation have been carried out for
the past 8 years, 4 years and 2 years in the vaults at Kamaishi (lwate, northeastern Japan),
Aburatsubo (Kanagawa, central Japan) and Mizunami (Gifu, central Japan), respectively.
The overburden depth at Kamaishi was 450 m, and those of Aburatsubo and Mizunami were
10 m and 50 m, respectively. In order to get high stability and resolution, piezoelectric
transducers were used as ultrasonic wave sources. The resolution of the temporal change in
the sound velocity was about 1 ppm at Kamaishi, 10 ppm at Mizunami and 100 ppm at
Aburatsubo. At Kamaishi test site, a clear dependence of the sound velocity on the
barometric pressure was found. The stress sensitivity of the sound velocity at Kamaishi was
estimated as 1.4 ppm/hPa, based on the effect of barometric pressure. At Kamaishi, an
increasing trend of the sound velocity has been observed for the past 8 years. The estimated
increasing rate of the compressive stress was about 600 hPa/yr, corresponding to the strain
rate of 0.7 micro-strain/yr. This rate is several times higher than the strain rate of the
northeastern Japan estimated by GPS measurement. At Aburatsbo, near the coast of Miura
bay, replatively large periodic variations in both velocity and attenuation, corresponding to
the diurnal and semi-diurnal lunar and solar tides, were found. These variations correlate
well with the in situ areal strain change due to tidal ocean loading. The highest peak of the
velocity and the lowest peak of the attenuation occurred at every time of the minimum peak
in the areal strain. The opening/closure of pores or cracks due to stress change was
responsible for these periodic variations. The velocity variation showed a remarkable 14-day-
periodicity corresponding to the spring and neap tides. This periodicity in the sound velocity
was explained in terms of a nonlinear response of the velocity change, brought from the
strain rate dependence of the closure process of the cracks and pores.
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CRUSTAL DEFORMATION IN THE KANTO-CHUBU DISTRICT AT AND AFTER THE
2000 SEISMO-VOLCANIC EVENT IN THE NORTHERN IZU ISLANDS

Akio KOBAYASHI', Hiromi TAKAYAMA', Takeyasu YAMAMOTO', Akio YOSHIDA?
('Seismology and Volcanology Research Department, Meteorological Research Institute, Japan
Meteorological Agency, *Kakioka Magnetic Observatory, Japan Meteorological Agency)

The GPS observation network of the Geographical Survey Institute has revealed that the
2000 seismo-volcanic event in the northern Izu islands produced a remarkable crustal
deformation in the Kanto-Chubu region, central part of Honshu Island, Japan (Nishimura et
al., 2001). By subtracting average movements during the period from May 1997 through May
2000 as well as seasonal variations, we investigated detailed time evolution of the crustal
deformation since the outbreak of the 2000 seismo-volcanic event. We found that three kinds
of crustal deformation of different spatial pattern occurred successively in the Kanto-Chubu
region. The first and most prominent one was the deformation produced by the activity in the
sea region between Miyake and Kozu islands, where a large earthquake swarm occurred.
The source can be modeled as a combination of a dike intrusion, fault motion of major
earthquakes and a creeping slip. A creeping source is needed to explain eastward
movements. The second kind of deformation appeared after the peak of the first one, and is
characterized by a southward displacement of the crustal block in the Chubu district. A
notable feature of the deformation is that it showed a diffusive pattern. The third kind of
deformation is the ongoing southeastward displacements in the Tokai region that became
noticeable in early 2001. Ozawa et al. (2002) explained the displacements by an occurrence
of an aseismic slip on the plate boundary in the western Tokai region centered on Lake
Hamana, adjacent to the anticipated Tokai earthquake source area. We think it is very
probable that physical and/or mechanical condition on the boundaries between the Philippine
Sea plate, Izu microplate and Eurasian plate was affected by the unusually large 2000
seismo-volcanic event in the northern Izu islands, and that change in the coupling condition
between the plates has produced three kinds of the crustal deformations in the Kanto-Chubu
district successively. We are grateful to the Geographical Survey Institute for providing the
GPS data.
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HORIZONTAL STRAIN CHANGES IN SOUTHWEST JAPAN USING PARTITIONING
MODEL AND GPS DATA (1997-2000)

Sayyed Keivan HOSSEINT', Takeshi MATSUSHIMA?, Sadaomi SUZUKTI' ('Department of Earth and
Planetary Sciences,University of Kyushu, ’Institute of Seismology and Volcanology, University of
Kyushu)

Southwest Japan is located at the east-central margin of the Eurasian plate, and is
underthrusted beneath the Nankai Trough by the Philippine Sea plate, converging with the
margin suborthogonally along a general northwesterly trend. In order to estimate the
horizontal strain of southwest Japan for the period of Nov.1997 to Nov.2000, using GPS data
of Geographical Survey Institute of Japan, after making an unbiased data, we derived two
empirical covariance functions by applying least-square prediction method. During a
repeated calculation, we compared the effect of correlation distances with the measurement
vectors of different points and partitioned whole Japan in to two main regions, where the
correlation distances for two E-W and N-S components could be equal. The partitioning
boundary has a good coincidence with the Fossa Magna where assume to be a plate
boundary between Okhotsk and Eurasian plates. We estimated the correlation distance of
southwest Japan as 270 km and derived two new covariance functions to compute the
horizontal strain of this region. During Nov.1997-Nov.1998, from central Kyushu toward east,
there is a widespread shear anomaly, ~0.24x10%/yr, that could refer to the Hyuganada
earthquake (Mw 6.7) effect. Also this anomaly is extended into Shikoku Island and could be
related to some slow slip displacements because of lacking any large events. Most of the
Shikoku Island is under shear strain that extended to the south part of the Kinki area too.
The strain state in Southwest Japan is NW-SE contractional in most of place that may be
attributed to the convergence of Eurasian, Philippine Sea and pacific plates. In central
Kyushu Island, N-S extension could be due to the mantel pluming under western off the
Kyushu. Also the NW-SE and E-W extension in southwest of Kyushu and west off
Yakushima Islands could be consider for the expansion of Okinawa trough.

JSGO01/08P/D-021 Poster 1400-021

CHARACTERISTIC SILENT EARTHUAKES IN THE EASTERN PART OF THE BOSO
PENINSULA, CENTRAL JAPAN

Shinzaburo OZAWA', Shin'ichi MIYAZAKT’, Yuki HATANAKA', Tetsuo IMAKIIRE', Masaru
KAIDZU', Makoto MURAKAMI' (‘Geographical Survey Instittue of Jpana, *Earthquake Research
Institute, University of Tokyo)

The Philippine Sea plate is subducting beneath the Boso peninsula, central Japan, with the
Pacific plate underlying the Philippine Sea plate. Because of this complicated tectonic
setting, seismic events are numerous off the coast of the Boso peninsula. Permanent GPS
observation sites set up by the Geographical Survey Institute of Japan (GSI) detected
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southeastward ground motion deviating from the steady northwestward deformation in 1996.
From the detected abnormal crustal deformation, an aseismic slip was estimated off the east
coast of the Boso peninsula with its rupture propagating to the south with time duration of
about 7 days [Sagiya, 2003]. Six years after the 1996 event, quite similar abnormal crust
movements started from around October 4 2002 for about fifty days, indicating occurrence of
another interplate aseismic slip in this region. By employing a Kalman filter, we estimated
the time evolution of the 2002 Boso aseismic slip and compared the 2002 event with the
1996 silent earthquake to investigate the nature of silent earthquakes. Our result shows an
area of aseismic slip with moment magnitude (Mw) 6.6 centered off the Boso peninsula,
adjacent to associated seismic activity. Slip evolution of the 2002 aeismic slip migrated from
north to south with temporary subsidence and restart of slipping in a southerner area.
Southward aseismic slip migration which occurred both in 1996 and 2002 events suggests a
tendency of aseismic slip nucleation in a weakly coupled northern area and propagation to a
more tightly coupled southern area. Similarities in focal area and slip process between the
1996 event and the 2002 aseismic slip suggest the Boso aseismic slips share characteristic
features as is observed for characteristic radiative earthquakes. In addition to similarities
between the past two Boso events, repetitive swarm seismicity of six to seven years interval
supports the hypothesis that Boso silent earthquakes are characteristic silent earthquakes
with recurrence interval of about six years. A more tightly coupled southern area that did not
release enough energy in the 1996 event may have caused differences in magnitude and
central slip area between the 1996 and the 2002 events despite having similar duration for
strain accumulation, if characteristic earthquake hypothesis holds.
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APPLICATION OF KALMAN FILTERING TECHNIQUES TO POST-SEISMIC SLIP
PREDICTION OF THE 1999 TAIWAN CHI-CHI EARTHQUAKE

Din-Yao JENG, Wei-Cheng HUANG (.Department of Earth Science,National Cheng Kung
University)

From the 1999 Chi-Chi earthquake ( Mw = 7.6 ; 1999/9/20 , 17:47:15.9 GMT ; at 23.853N ,
120.816E , depth of 7.5km ) , The Ministry of Interior , ROC , started the work of verification
and survey of first-order GPS control point and re-announced related resulting data to meet
the requirment of re-construction work . This study focus on the point if there still exist
apparent affect of GPS network displacement , especially the Post-seismic Slip of the Chi-
Chi EQ , for the verification work has been done over three years.The Kalman Filtering
Techniques can be applied to problems that can be described or approximated by linear
time-varying equations, with non-stationary system and measurement input noise statistics .
And, the Kalman Filter formulation can then be readily designed for estimation, smoothing,
and prediction of the physical parameter of interest . An advantage of a Kalman Filter is that
it allows one to use “state noise” to compensate for errors in the mathematical model. This
study use the received data of GPS from 1999 to 2002, and combined the received data
from the GPS tracking stations set by The Ministry of The Interior to acquire the coordinates
of each GPS control point. Then, we use kalman filtering techniques to predict the Post-
seismic Slip of the Chi-Chi EQ . We propose a high resolution prediction results . We also
compare the results with re-announced coordinates . There is 5~30cm displacement of
points around the earthquake stripe of the central part of Taiwan, 5~10cm of displacement
for the points at the northern part of Hsin-Chu which are not verified and surveyed, 10~20cm
displacement for the points at the southern part of Chai-Yi which are not verified and
surveyed from the result of analysis.
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THE SILENT EARTHQUAKE OF 2002 (MW=7.3) IN THE GUERRERO SEISMIC GAP,
MEXICO: MAPPING OF SLIP ON THE PLATE INTERFACE AND THE ASSOCIATED
STRESS CHANGE

Shri Krishna SINGH', Vladimir KOSTOGLODOV', Kristine M. LARSON?, Anthony R. LOWRY?",
Roger BILHAM?®, Takeshi MIKUMO', Miguel SANTOYO!', Arturo IGLESIAS' ('Instituto de
Geofisica, UNAM, Mexico, ‘Department of Aerospace Engineering Science, University of Colorado,
Boulder, CO, USA, *Department of Physics, University of Colorado, Boulder, CO, USA, ‘Department
of Geological Sciences, University of Colorado, Boulder, CO, USA)

Guerrero seismic gap is a 200 km-long segment along the Mexican subduction zonethat may
rupture in an earthquake of Mw 8.4. An aseismic, slow slip event beganin the gap in January
2002 and lasted for 4 months. The slow slip was detected by 7 continuous GPS receivers
located over an area of ~550x250 km? We inverted the GPS displacement data for slip on
the plate interface. The result shows that during the steady-state phase, the plate interface,
lying ~50 to 170 km from the trench, was almost completely locked. The slow slip, however,
occurred mostly down dip from the seismogenic, locked plate interface, presumably on the
transition zone, in the depth range of ~35 to 40 km and the distance range of 100 to 170 km
from the trench. The average slip was about 16 cm. The event released a seismic moment of
~1.2 x10? dyne-cm (equivalent Mw=7.3). The strain release due to slow slip over the plate
interface in the distance range of ~100 to 170 km from the trench essentially cancelled the
strain accumulated during the previous 3 years of steady-state loading. The slow-slip phase
resulted in an increase of ~0.1 bar of Coulomb failure stress, favoring reverse faulting on the
shallow part of the completely locked interface, thus enhancing the probability of rupture of
the Guerrero seismic gap in the near future. Some features of two important earthquakes,
which occurred in the region before and during the slow-slip phase, may also be explained
by the change in the Coulomb failure stress.
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PRINCIPAL COMPONENT ANALYSIS FOR THE DISPLACEMENTS OF GPS STATIONS
IN THE KANTO AND TOKAI DISTRICTS IN JAPAN

Masashi KAWAMURA', Koshun YAMAOKA? (‘Division of Earth and Environmental Sciences,
Graduate School of Environmental Studies, Nagoya University, ‘Research Center for Seismology and
Volcanology, Graduate School of Environmental Studies, Nagoya University)

Principal component analysis (PCA) is applied to the displacements recorded bymore than
100 GPS stations in the Kanto and Tokai Districts in Japan for theperiod including the
following three major events. (1) The Miyake-Kozu event in2000, which includes large-scale
dyke intrusion between Miyake and Kozu volcanoto the south of Japanese main island. This
event was accompanied by fivephreatic eruptions in Miyake Volcano, and intensive
earthquake swarm near Kozuvolcano. (2) The Tokai slow slip event, which started and is still
continuingat a plate boundary between the Eurasian plate and the Philippine Sea plate inthe
Tokai District in 2000. (3) The Boso slow slip event, which lasted for lessthan a month in
October 2002 at a plate boundary between the North Americanplate and the Pacific plate
near the Boso Peninsula. Such events have beendetected as displacements of GPS stations
around their sources. Using PCA, weattempt to decompose the data into representative
spatial modes and theirtemporal modes. We apply PCA to the following four data sets to
check thereliability of the analysis; (A) Horizontal and vertical components from January2000
to December 2002 (2) Horizontal and vertical components from January 2001to December
2002 (3) Only horizontal components from January 2000 to December2002 (4) Only
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horizontal components from January 2001 to December 2002. Wesuccessfully decomposed
the data into the modes corresponding to the Miyake-Kozuevent, the Tokai slow slip event
and the Boso slow slip event, as a majorcontribution to the total displacement field. Some
prominent characteristics areas follows. In the temporal mode corresponding to the Miyake-
Kozu event, theramp-like step is followed by a prolonged tail which asymptotically
approaches aconstant level up to now. The development of the Tokai slow slip event
isrevealed to be initiated soon after the Miyake-Kozu event from its temporalmode. Eastward
motion in the Kanto District also synchronizes with the Tokaislow slip event. The Boso slow
slip event is more clearly observed in the datasets for only horizontal components than that
for both horizontal and verticalcomponents. This may be due to larger variance and smaller
amplitude of thesignal on the vertical components than on the horizontal ones. The
totalcontribution of the above three modes to the data is more than 70 percent.

JSG01/08P/D-025 Poster 1400-025
POSTSEISMIC CHANGES OBSERVED IN JAPAN NATIONWIDE TILTMETER ARRAY

Hitoshi HIROSE, Fumio YAMAMIZU, Kazushige OBARA (National Research Institute for Earth
Science and Disaster Prevention)

National Research Institute for Earth Science and Disaster Prevention(NIED) has installed
over 500 tiltmeter stations that cover most partsof Japan. The tiltmeter can detect smaller
crustal deformations thanthose which can be done by GPS, so that this is expected to be
apowerful tool for exploring the crustal deformations due to faultmotions during earthquakes.
We report the postseismic deformationsdetected by this tiltmeter array during its observation
period. Oneexample is the records following the October 6, 2000 West Tottoriearthquake
(Mw 6.7). It is shown that the GPS sites near the source areadetect the postseismic surface
displacements following the earthquake(Hashimoto et al., 2001). On the other hand, the
tiltmeters which arelocated at least 60 km away from the epicenter detect tilt changes
whichobey logarithmic decay. Second example is the March 24, 2001 Geiyoearthquake (Mw
6.8, 47 km in depth). The tiltmeter at KURH station,which is located about 20 km from the
epicenter, clearly detects thepostseismic decay, whereas there is no report for
postseismicdeformation which observed by GPS due to this earthquake. Postseismictilt
changes following the smaller earthquakes are also detected. OnJanuary 4, 2001, a
moderate earthquake (Mw 5.3) occurred at CentralNiigata. At the YZWH station, 15 km away
from the hypocenter,logarithmic decay with time constant of about 1 hour is
recordedfollowing the large step caused by the main shock. We attempt toexplain these
postseismic deformations by afterslips on the sourcefaults. Some studies point out that the
time constant of the postseismicdeformation correlates with the magnitude of the main shock
(Yamauchi,1975; Takai et al., 2000). This correlation possibly shows an aspect ofthe
physical process of the earthquake source.We show the tiltmeters can detect smaller
postseismic crustaldeformation than GPS. This demonstrates that the tiltmeters have
apotential to constrain the earthquake source process by constructing astatistical property of
the afterslips.
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SPATIAL AND TEMPORAL DISTRIBUTION OF AFTERSLIP FOR THE 1995 HYOGO-
KEN NANBU EARTHQUKAE INFERRED FROM SURFACE DISPLACEMENT DATA
OBTAINED WITH GPS OBSERVATIONS

Takehide NAKANO, Kazuro HIRAHARA (Graduate School of Environmental Studies, Nagoya
University)

Global Positioning System (GPS) observations indicate that significant postseismic
deformation occurred following the January 17 1995 Hyogo-ken Nanbu earthquake (M=7.2).
The postseismic deformations reached 2.0 cm at some stations. In order to estimate the
spatial and temporal distribution of the afterslip on the fault and on its possible extension, we
use an inversion method. We seek the best explained slip distribution that minimizes the
discrepancy between the observed displacements by GPS and the predicted ones in a least
squares sense with some smoothness constraints of slip distribution, starting from the
search for the fault size and the location. It is concluded that the afterslip of about 40cm
occurred in the deeper portion under the fault at 15 to 25 km from the middle of the north
segment. Though the GPS stations are distributed mainly along the fault strike but not in the
fault normal direction, which makes it rather difficult to obtain good spatial resolution of
estimated afterslip distribution, some resolution tests require the existence of the obtained
afterslip including that at depths, The time dependent analysis indicates that afterslip started
at different time at a few points on the fault surface and continued for different durations.
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IS THE MOTION OF THE SOUTH HEMISPHERE SLOWING DOWN?
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Shuanggen JIN, Wenyao ZHU (Shanghai Observatory, Chinese Academy of Sciences)

The earth is a rotating planet in the universe, but the variation of rotating attitudes with time
will cause the change of the inertial force, which leads to it's interior motion, especially the
relative glide or extrusion along the rotation axis of the Earth. In addition, the variations of the
inertial and eccentrical force of the Earth, and the interactions of the atmosphere, Ocean and
other celestial bodies perhaps bring on changes of the Earth motion state. Now the higher-
accuracy space techniques, such as VLBI, SLR and GPS, with a longer observation time
span, a much wider and more average distributions of observation sites, can detect the
current slight variation of the Earth hemisphere state. In this note, we measure the
contemporary relative motion rates of adjacent plates in the South hemisphere using space
geodetic data in recent 20 years. Comparing them with results from the NUVEL1A model in
three millions years and geological data in 25 millions years displays that the motion of the
South hemisphere is slowing down. In order to know about the stability and continuity of the
South hemisphere motion, we calculate divergent and convergent rates of adjacent plates in
the South hemisphere at year25, 35, 45, 55, and 70 million using hotspot data and
geomagnetic data. Comparing the results in 80 millions years shows the South hemisphere
is stable in 80 millions years. Accordingly the motion of the South hemisphere is slowing
down in 25 millions years and yet is quite stable in whole 80 millions years.

JSG01/08P/D-028 Poster 1400-028

THE STRAIN FIELD AROUND THE NORTHERN PART OF THE NASSER LAKE, EGYPT,
DERIVED FROM GPS MEASUREMENTS AND ITS TECTONIC IMPLICATIONS

Gamal EL-FIKY", Divakar REDDY?, Ali TEALEB' (‘National Research Institute of Astronomy and
Geophysics, Helwan, Cairo, Egypt, *Indian Institute of Geomagnetism, Mumbai 400005, India)

GPS measurements collected in campaign mode during 1997 - 2002 have been analyzed to
derive velocity vectors around northern part of the Nasser Lake, Egypt. Estimatedhorizontal
velocity vectors in ITRF2000 are found to be in the range of 28.8 - 32.2 mm/yrwith an
average of 30.4 + 2.1 mm/yr in N31 + 3W. The horizontal velocity field further usedfor
quantitative estimation of crustal deformation parameters. The Least-Squares



prediction(LSP) technique was employed to segregate the signal and noise from the velocity
vectors.Estimated signals (displacement vectors) were used to reconstruct the strains;
dilatations,maximum shear strains, and principal axes of strains. The distribution of the
dilatationalstrains indicates that the region around the northern part of Nasser Lake is
mainlydivided into two areas: the northern part with predominant compressive strainand the
southern part exhibiting extensive strain of about 0.6 ppm/yr. In addition to this,there are
some of the areas with low compressional and extensional strains in themedial of the studied
region. Maximum shear strains show some patches of high valuesof strains over northern,
northwestern, and southwestern parts of the studied region.The paper also presents the
relationship among the crustal strains, the hydrologicalsituation in the lake, and the seismic
activity in the area.
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RELATIVE DISPLACEMENT ACROSS THE FRACTURE ZONE
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Keisuke TANIGUCHI', Kazou OIKE? ('Department of Education, Kyoto University of Education,
“Faculty of science, Kyoto University)

Geodetic survey and continuous observation of crustal deformation across faults or fracture
zones have led to many evidences that crust was consisted of loosely coupled blocks mostly
bounded by faults or fracture zones. In order to study the relative movement of two crustal
blocks bounded by the fracture zone in the tunnel of Hokuriku observatory of Kyoto
University in Japan, three-dimensional relative displacement meters were designed and
have been set up across that fracture zone since 1986. They have measured tidal and
seismic relative displacements between two fixed points in three orthogonal directions.
Results are 1) Tidal strain across the fracture zone was about four times as large as the
theoretical, whereas that near the fracture zone was only half of the theoretical. Strain
seismograms across the fracture zone are from 5 to 15 times as large as at the
neighborhood and larger than the calculated strain seismograms with seismographs set up
in the same tunnel. 2) Deformation by earth-tide and seismic waves mainly take place at
fracture zone. 3) Amplification factor of earthquakes is related to propagation azimuth of
them. This result indicates that the amplification of seismic waves is caused by the change of
the width of fracture zone, in other words, compress-extension motion at the fracture zone.
4) The vector of each tidal and seismic relative displacement across the fracture zone is
almost fixed. This may be caused by the existence of plane-like fracture zone. 5) It was
confirmed that block bounded by that fracture zone spreads in vertical. The calculation with
FEM suggests that fracture zone extends to several km in dip direction.
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QUANTITATIVE EVALUATION OF LOADING EFFECTS ON SEASONAL VARIATION IN
GEONET GPS DATA

Hiroshi TAKIGUCHI, Yoichi FUKUDA (Graduate School of Science, Kyoto University)

Murakami and Miyazaki [1999] reported that seasonal variation could be seen in the daily
solutions of GEONET (the GPS Earth Observation NETwork) GPS site coordinates. Since
then, several scientists tried to interpret the seasonal variation (e.g. Hayashi et al. [2000],
Heki [2001, 2002] and Hatanaka [2001, 2002] ). We also investigated seasonal variation in
the baseline length changes and reported most of the baselines expand in summer and
contract in winter (Takiguchi and Fukuda [2000, 2001]). From these studies, we could
summarize that the seasonal variation does not depend on the strength of plate coupling nor
analysis software/strategy, and it is manly caused by the systematic scale changes
suggested by Hatanaka (2001) and the loading effects due to local or broad mass changes,
i.e., snowfall, ocean tide, non-tidal ocean load and atmospheric pressure. Using the globally
network data, D. Dong [2002] showed that 40% of the observed annual vertical variations
can be explained by the joint contribution of pole tide, ocean tide, atmospheric pressure,
non-tidal ocean, and groundwater loading. Other contributions were some modeling errors
(wet troposphere effect and orbit etc) and bedrock thermal expansion. In this study, we
investigate the seasonal variation in GEONET GPS sites to confirm whether the above
estimations are valid for the GEONET data. For this purpose, we employed surface vertical
variation and area strain which calculated from annual baseline changes of three baselines
shaping a triangle. And then we compared the vertical variation and area strain with
seasonal variation of snowfall load calculated from 1997 to 1999 AMeDAS data sets and
atmospheric load calculated from atmospheric pressure data at the Japan Local Metrological
Observatory. We found that the seasonal variation of GPS data could not be explained by
snowfall load nor atmospheric load. We will search for other load sources and discuss the
joint contribution of them.
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THE SEA LEVEL VARIATION IN THE RANGE OF PERIODS FROM 1 HOUR TO 2 DAYS
IS THE NEW SOURCE OF INFORMATION ABOUT TO UNDERWATER EARTHQUAKE

Vladimir V. IVANOV (Institute of Marine Geology & Geophysics Eastern Branch of Russian
Academy of Science)

1.The sea level variations, which were recorded by tidal stations, which were smoothed by
time interval 2 hours, are the new source of information about development of the
earthquake process with characteristic time several hours. The amplitude of variations -1 -5
cm, the duration of variations 10 — 30 hours for the great earthquakes in Pacific ocean. 2.
The signal of the low frequency variations of sea level is the recording of changing of the
Earth’s volume if the eartquake occurs in closed basin. 3. The basin is the closed basin if the
duration of the wave propagation is less than the time of the level conservation. 4. For
Japan sea the time of wave propagation is 2 hours, time of sea level conservation is 30
hours. The Japan Sea is the closed basin if duration of variations is less than 1 day. 5. The
regarded signal for earthquake July 12,1993 at Japan Sea did not depend from point of
observation inside the Japan Sea, had the amplitude 3-4 cm, frontal time 4 hours, duration
20 hours 6. The physical parameters of the full priocess of the earthquake July 12, 1993 are
the next: volume variations - 10 16 cm3 , energy- 6 10 24 erg,ZZ component of seismic
moment 2 10 28 dn cm.
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GEODETIC INFRASTRUCTURE IN INDIA, WHAT IS WRONG AND WHAT NEEDS TO BE
DONE

Nand Kishore AGRAWAL (Director,Retd., Survey of India, National Correspondent,JAG,MD,
Geodesy and GPS Services)

Geodetic Infrastructure in India is inadequate. It needs a fresh look and complete revision.
Indian Geodetic Datum, Reference Surface, Horizontal Control, Vertical Datum, Height
Control, Indian Geoid and Mean Sea Level, Gravity datum, Projection System for Maps, and
Indian Grid, are all inadequate or inappropriate. Indian Geodetic Datum is based on Everest
Spheroid as Reference Surface. Center of this reference surface is estimated to be about 1
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km away from the center of gravity of the Earth. The datum is a local datum and in error.
Scientific and Defense studies of vital cannot be based on such a system. It is necessary
that the datum should be redefined at the earliest. Horizontal Control resulted from The
Great Trigonometrical Survey. Different triangulation series are inconsistent between each
other and not adjusted properly. Stations are burdened with varying degrees of error. It is
necessary that fresh observations be carried out to get a set of vectors by GPS and least
square adjustment is done for the whole country at one go to get control points. Vertical
Datum for Heights was chosen as Mean Sea Level at a group of nine tidal observatories at
Indian ports. Level network in India is of moderate to high precision at different places. No
gravity observations were carried out. Network has not been properly adjusted. It is required
that a fresh datum for heights based on MSL at one tidal observatory is adopted. High
Precision Leveling should be carried out afresh to get a network along with gravity
observations and adjusted. It is necessary to have a Gravity Datum. Presently there is no
absolute gravity station in India. Gravity values in India are based on relative observations
based on gravity datum in another country. It is necessary to establish some absolute gravity
stations, adopt a gravity datum and carry out relative observations to get a 1st order gravity
network. No satisfactory Indian Geoid is available. To get heights above MSL by GPS
observations we need a geoid that can give geoidal undulation of accuracy of 25 cm or
better. A project should be taken up to obtain such geoid. Projection for topographical maps
in India is Polyconic. Each individual sheet is projected assuming no distortion along
parallels and neglecting distortion along meridians. Meridians and parallels are assumed as
straight lines. We can say that The Earth/Ellipsoid has been assumed to be flat for individual
sheets. This creates problems in digitization, integration and compilation of maps. It is
necessary to abandon polyconic projection and adopt either Lambert Conformal Conic or
Transverse Mercator Projection. Indian Grid on Lambert Conformal Conic Projection for
superimposition on topographical maps has 9 zones with scale factors at central parallel as
649/650 and 823/824. The design is unsatisfactory as scale error at central parallel should
be 1 in 2000 or better. It is necessary to design grids on Transverse Mercator or LCC similar
to SPCS in USA.
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STRAINMETER UNITS IN A TERRESTRIAL REFERENCE FRAME SERVING

1400-033

Ludmila A. LATYNINA', Mstislav N. DUBROV* ('Institute of Physics of the Earth, RAS, “Institute
of Radio-engineering and Electronics of RAS, Fryazino, Russia)

Recent developments of the Global Positioning System (GPS) and its wide spreading to the
Earth’s crustal motion measurements have advanced the problem of a terrestrial reference
significantly. Nevertheless the concept of modern reference frame service still needs the
close networks of high accuracy geodetic and geophysical instrumentation. Whenever
geophysical aspects of global change are concerned the quality assessment of the network
data has to be carried out. Actually, after the past decade of geodynamic phenomena
monitoring by such global networks as Very Long Baseline radio Interferometry (VLBI), GPS,
etc. the necessity of anchoring them to the limited number of the fundamental stations has
been evidently shown. This circumstance can be explained by two main reasons. (1) When
the local crust motions are taken into account the accuracies of such global systems as
VLBI or GPS lose 1-2 orders in comparison with the precision of such modern geophysical
instruments as gravimeters, tiltmeters and strainmeters. (2) The temporal resolution of the
global systems is restricted by the principals of measurements and rates of data processing,
while the modern wide-band geophysical instruments allow the continuous real time
observations to be made. In comparison with gravimeters and tiltmeters the Earth’s strain
measuring instruments allow to detect simultaneously the number of spatial component of
the geological medium deformations. High sensitivity of strainmetrs is ensured by their
constructions and technology of fabrication. The top instrument resolutions of the rod
strainmeters dL/L = 10(-10) and the laser strainmeters dL/L = 10(-12) have been proved on
the great variety of geophysical experiments. We present our experience in the
achievements of these parameters and their verification. The results of observations of the
aseismic fault movement and the earth surface strains due to meteorological and
hydrological effects at the observatories Protvino and Fryazino will be discussed. The
information on local tectonic strains and plate motions would be very important for every
GPS or VLBI user to reduce undesirable antennas or receivers mechanical displacements.
One should be able to eliminate another anthropogenic or atmospheric effects. We guess
the terrestrial reference based on the space radio nets is to be added by the multi-
component deformation measuring systems. The gathering of the local, regional, and global
measuring tools should give both more accurate positioning frame and more intelligent
geodynamic data source.
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AN INVERSION METHOD OF CRUSTAL DEFORMATION ON THE BASIS OF
DISCONTINUOUS DEFORMATION ANALYSIS (DDA) AND BOUNDARY ELEMENT
METHOD (BEM)

Yun WU, Chong-yang SHEN, Shao-qun JING, Hui WANG (Department of Geodecy and Crustal
Deformation, Institue of seismology, CSB, P. R. China)

In this paper, an inversion method on the basis of Discontinuous Deformation Analysis
(DDA) and Boundary Element Method (BEM), is presented for determining boundary relative
movements, displacements and stresses of blocks in a multi-block system, in which the
kinematic constraints required for reasonable movement between blocks in the system is
discussed, and the judgment for contact between blocks, that indicates where a kinematic
constraint is necessary, is also investigated in detail. This method, simply called as «DDA
and BEM » has characteristics of linearity, uniqueness and stability of the solution, that is,
the linearization foundation is the dispersion of integral equations. This is reasonable
logically in the mathematics, the uniqueness condition that the simultaneous equations for
each block is dependent on the number of the points measured in any block, which must be
greater than the number of the boundary elements, and not collinear, and for the unstable
called as “ill conditionAE the Damping Least Square Method can be used to obtain damping
solution. So that, it seems theoretically that the method of “An Inversion Method of Crustal
Deformation on the Basis of Discontinuous Deformation Analysis and Boundary Element
Method” would be more suitable for the problems in which the relative movements on the
block boundaries and the deformation inside the blocks need investigating and analyzing.
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MODERNIZATION OF THE NATIONAL GEODETIC NETWORK
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Maturana Alejandro MATURANA (Geodetic Department , Military Geographic Institute)

Rodrigo Maturana, Hector ParraMilitary Geographic Institute (IGM), Nueva Santa Isabel
1640, Santiago, Chile In Chile, owing to its special geographic location and resulting from its
long and very extensive territory, has had to adopt several geodesic reference systems.
These, as a whole, make up the National Geodesic Network (RGN) upon which the
cartographic structure of the country can be based.Current requirements for precision in
horizontal measurements, which are growing ever greater, and the need for homogeneity in
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this data among related sectors of territory, have made it necessary to modernize the current
framework for geodesic measurements and checks. The efficient incorporation of satellite
systems (GPS) into the implementation of extensive networks for horizontal control and the
adoption in the South American region of the “Geocentric Reference System for the
Americas” (SIRGAS), has established a basis for structuring a modern Geodesic Network
for Chile, a single and homogenous network for the whole country and the rest of the
continent.This text has as its objective the presentation of the structure, the measurement
campaigns and the final results of the processing and adjustments for the new National
Geodesic Network, which will be the new official reference framework for all cadastral,
cartographic and geodesic activities to be carried out in Chilean territory. Also , the
transformation parameter between local and new datum will be presented.

JSG01/08P/D-036 Poster 1400-036

SEISMIC GROUND MOTION OBSERVED BY THE TAIWAN CONTINUEOUS GPS
ARRAY - IN THE CASE OF 31 MARCH 2002 HUALIEN EARTHQUAKE

Horng-Yue CHEN', Long-Chen KUO', Wang-Shung CHUNG', Shui-Bei YU?* ('Research Assistant,
“Research Fellow)

A ML=6.8 earthquake occurred on 31 March 2002 off northeastern Hualien. The
instantaneous relative displacements have been tracked by newly established continuous
GPS stations, which are part of the TCGN. There are seven stations of the TGCN with 1 Hz
data sample rate, which recorded the instantaneous ground motion of the 331
earthquake.Applying the post-processing QIF algorithm to study the 331 earthquake, the
displacements with respect to station TSHO are computed. Based on the relative positioning,
the displacement of the computing station with respect to the fixed station can be obtained at
the arrival time, and the displacement of the fixed station can be acquired at the time of the
second maximum ground motion. Hence the first arrival times are different at each of
subplots and the time of the second maximum ground motion is at the same location. It is
obvious that the seismic ground motion can be observed by 1 Hz sampling rate continuous
GPS stations.
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DISTORTIONS IN DENSITY DUE TO INACCURATE AVERAGE DEPTH OF A LAYER IN
THE LOWER HALF-SPACE

Ateya Ismail LUKANDU, Shuzo TAKEMOTO (Department of Geophysics, Kyoto University)

The position of an intermediate horizontal layer in the lower half-space can be given
inaccurately without any change in the thickness of the effective layer either by a slight layer
shift upwards or downwards. Even though the layer shifts might be minimal, it could
significantly alter the density variations of the disturbing masses in the effective layer. Here
we investigate and demonstrate the effect of the variations in the position of the horizontal
layer to the determined density variations. Subsequently due to the direct relationship
between disturbing masses and the positions of the contact surfaces in an intermediate
horizontal layer, the later are also determined. We finally demonstrate the efficacy by
applying to actual geophysical data i.e. gravity data, for a micro-gravimetry site and/or
localized structures in the Central Ranges of the Chubu District in Japan.
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EFFECTS OF A HORIZONTAL SURFACE LAYER ON STATIC AND DYNAMIC
DISPLACEMENTS

Ryou HONDA', Kiyoshi YOMOGIDA? ('Institute of Seismology and Volocanology, Hokkaido
University, *Graduate school of science, Hokkaido University)

Recent development of geophysical observation instruments such as GPS have allowed us
to obtain precise broad band data in wide dynamic and wide frequency range, including
static displacements in a large area. While detailed crustal structure around a damaged area
is surveyed for source parameters obtained by seismic waveform inversions, the effects of a
layered medium are often not considered in practical analyses of geodetic data. In this study,
we calculate static as well as dynamic displacements with the discrete wavenumber method
and compare them with analytical as well as numerical solutions for a half-space. The
existence of a soft surface layer is found to affect both amplitude and spatial distribution of
static displacement near a fault, which is not in a similar manner to those of dynamic
displacement. In a horizontal surface layer case, the largest effect of a surface layer is
shown in the case of a vertical strike-slip fault. While dynamic motions are amplified
monotonically with the thickness of the surface layer, the amplification of static displacement
is limited if the surface layer reaches the top of the fault because the moment release there
is then reduced. Errors in the estimation of the fault depthand the amount of slip reaches as
large as 30 % of the true values in the worst case. If we introduce a non horizontal layer
(e.g., a basin), the spatial distributions of static displacement should be affected strongly.
The effects are important not only for inland earthquakes but also inter-plate earthquakes
which causing a large tsunami. Our results strongly suggest that strong bias may be
introduced to the conventional estimation of fault parameters, assuming a medium to be a
half space, from static displacement or geodetic data by the existence of a low-velocity or
low-rigidity surface layer.
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A DIGITAL METHOD FOR AUTOMATIC 3-D GRAVITY INVERSION OF DENSITY
INTERFACES USING VARIABLE DENSITY

Chakravarthi VISHNUBHOTLA, Harinarayana TIRUMALACHETTY (National Geophysical
Research Institute, Uppal Road, Hyderabad, India.)

A new 3-D inversion technique to interpret the gravity anomalies of density interfaces above
which the density contrast shows a systematic variation with space coordinates is presented.
The technique involves both a robust methodology and the associated software to achieve
the task. Initial depth estimates of a density interface below the said grid nodes of a

B.16

IUGG2003

rectangular/ square mesh are computed automatically from the measured gravity anomalies
and are improved iteratively until the theoretical gravity anomalies fit the observed ones. The
quantum of misfit function is allowed to vary in the downhill direction in the parameter space,
thus paving a way for obtaining more accurate results. An automated computer program
AUTOGRSDIN is developed based on the suggested algorithm. Two gravity anomaly maps
are interpreted and the results are compared with borehole information.
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OVERVIEW OF THE GRAVITY FIELD OF ANTARCTICA

0830-002

Muriel LLUBES, Nicolas FLORSCH, Benoit LEGRESY, Jean-Michel LEMOINE, Frederique
REMY (LEGOS-OMP)

CHAMP, flying at an altitude of about 400 km, is the first of a new generation of satellites
dedicated to Earth gravity field observation. The high quality data hasgenerated new gravity
field models: EIGEN-1S in 2001, and EIGEN-2S more recently.The gravitational potential is
decomposed into spherical harmonic coefficients and weuse, in this study, the free-air
gravity anomalies reconstituted up to degree 60, ata zero altitude. The anomalies for the
Antarctic continent range from -57 to 65 mGal.We have modeled the gravity effect from the
ice, the ocean and the bedrock, using a666 km cut-off filter to simulate the resolution
obtained by CHAMP. Computing thedifferences between this terrain effect and CHAMP map
provides a map of the Bougueranomalies. Because of the dominant influence of the crust,
we first used a crustalthickness model from seismology. This gives a map of the mantle
Bouguer anomalies, therange of which is still large (between -255 and 216 mGal) indicating
imperfections inthe crust model. By appealing to isostasy we then imposed the condition that
thismantle Bouguer anomaly should vanish and therefore solve for a new resulting
crustalthickness. This gravity-based crust model gives thicknesess from 8.5 to 42.6 km in
thezone of interest. There is a good general agreement with seismological models, but
ourmodels shows more detail, particularly in the western part of the continent. Thesedetails
are in agreement with geological studies.
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GEOID AND OCEAN CIRCULATION IN THE NORTH ATLANTIC (GOCINA)

0830-003

Per KNUDSEN', Rene FORSBERG?, Ole B. ANDERSEN', Dag SOLHEIM?®, Roger HIPKIN*, Keith
HAINES?®, Johnny JOHANNESSEN?®, Fabrice HERNANDEZ’ ('National Survey and Cadastre -
Denmark, Geodesy, *National Survey and Cadastre - Denmark, Geodynamics, *Statens Kartverk,
Norway, ‘University of Edinburgh, UK, *University of Reading, UK, ‘Nansen Environmental and
Remote Sensing Center, Norway, "Collecte Localisation Satellites, France)

The investment in Earth observing satellites has been significant. It is therefore of great
importance that the value and utilization of space borne data can be properly demonstrated
in the context of ocean monitoring. The aim of the EU supported project GOCINA is to
enhance European capacity in Earth observation technologies by promoting and developing
methods for the joint exploitation of the approved European Space Agency ENVISAT (Radar
Altimeter) and GOCE missions for ocean circulation studies and associated climate
modelling and operational data assimilation. The central quantity bridging the geoid and the
ocean circulation is the mean dynamic topography, which is the difference between the
mean sea surface and the geoid. The initial studies will focus on the assessment of the
initially available models of the geoid, the mean sea surface and the mean dynamic
topography to obtain the current state of these geoid models and to identify areas of
problems from their discrepancies. In some areas the residual will be small enough to be
within the error bounds of the other fields. In other regions the residuals are larger than
expected on the basis of the individual calculations. This mismatch will indicate areas where
one or more of the error analyses are inaccurate.

JSG02/09A/D-004 Poster 0830-004
GRAVITY MODEL DEVELOPMENT FOR ICESAT PRECISION ORBIT DETERMINATION

Hyung-Jin RIM, John C. RIES, Sungpil YOON, Charles E. WEBB, Srinivas BETTADPUR, Bob E.
SCHUTZ (Center for Space Research, University of Texas at Austin)

The main scientific objective of the EOS ICESat mission is to measure long-term changes in
the volumes (and mass) of the Greenland and Antarctic ice sheets with sufficient accuracy to
assess their impact on global sea level, and to measure seasonal and interannual variability
of the surface elevation. To monitor the ice sheet topography, ICESat features the
Geoscience Laser Altimeter System (GLAS) to determine the height of the GLAS instrument
above the ice sheet by measuring a laser pulse round-trip time of flight, emitted by the GLAS
and reflected by the ice sheet. This laser altimeter measurement combined with the satellite
height information from the Precision Orbit Determination (POD) will result in the geocentric
height of the ice surface. To achieve the main scientific objective, the position of the GLAS
instrument should be known with an accuracy of 5 cm and 20 c¢m in radial and horizontal
components, respectively. This knowledge will be acquired from data collected by the on-
board GPS receiver and ground GPS receivers. Following the successful launch of ICESat
on Jan. 13, 2003, 00:45 UTC, the GPS receiver was turned on successfully on Jan. 17,
2003, tracking up to 9 GPS satellites. It has been shown from pre-launch POD studies that
the gravity model error is the dominant source of ICESat orbit errors. Pre-launch gravity
models, such as TEG-4 and EGM-96, predict about 7 cm and 15 cm radial orbit errors for
ICESat, respectively. To meet the 5 cm radial orbit determination requirement using these
models, it is necessary to either 1) estimate many empirical parameters to reduce the effect
of the gravity model errors, or 2) tune the gravity model with ICESat tracking data. Recent
gravity models from the GRACE mission also show promising results on ICESat POD. This
paper summarizes the gravity model development efforts for ICESat POD.

JSG02/09A/D-005 Poster 0830-005

ON THE COMBINATION OF ALTIMETRY AND SATELLITE DERIVED GRAVITY FIELD
MODELS

Wolfgang BOSCH (Deutsches Geoditisches Forschungsinstitut (DGFI))

The gravity missions CHAMP, GRACE and GOCE willconsiderably improve the spatial and
temporal resolution of the Earth gravity field. Nevertheless, satellite altimetry willbe further
needed to derive very small-scale features of the gravity field:The potential of altimetry is
indicated by the 2'x2"-resolution ofmost recent mean sea surface models (a 5x5" grid
corresponds to aharmonic series above degree and order 2000). Up to now, altimetric
derived gravity anomalies were used for the combination with satellite derived gravity field
solutions.The anomalies are either derived by solving the inverse Stokes equation orby a
“synthetic geoid”, obtained by reducing the mean sea surface by anindependent (e.g.
oceanographic) model of the sea surface topography.The first approach is rather indirect and
numerically instable. In the latter case errors of the sea surface topography are directly
projected into the high resolution gravity field model. Here, a more direct approach is
considered to combine altimetry and satellite derived gravity field solutions. The large-scale



structure is assumed to be sufficiently accurate determined by the satellite based gravity
solution. Slope and even more the curvature of the mean sea surface are little ornot at all
affected by the (unknown) dynamic topography. Therefore,slope and curvature are used to
set up observation equations that areaccumulated to the normal equation system of a
satellite derived gravity field solution. It is then investigated how much the combined solution
becomes more stable and to what extent the resolution of the gravity fieldcan be improved
by adding satellite altimeter data.
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3D ASPHERICAL EARTH'S MODEL AND 3D ATMOSPHERIC LOADING FOR THE NEW
GRAVITY MISSIONS

Pascal GEGOUT, Hilaire LEGROS, Jacques HINDERER (IPGS UMR 7516)

High precision modelling of temporal variation of the gravity field generated by
atmosphericmasses redistributions and Earth's masses redistributions are nowadays
neededto separate accurately atmospheric contributions from oceanic and hydrologic
contributions.We therefore developed a deformation model of an aspherical Earth withlateral
heterogeneities. The corresponding pressure, tidal and loading Love numberscharacterizes
these deformations. Boundary conditions on this Earth's model imposed by the atmosphere
are revisited:we distinguish surface stress induced by the pressure and winds/currents at the
solidEarth's topography from the gravitational force generated by the three
dimensionalstructure of the atmosphere. Taking into account the 3D structure of the
atmosphere tocalculate direct gravitational attraction on low orbiting artificial satellites is
required.A static response of the ocean to solid earth deformations and barometric forcing
isincluded. A model of a non-global ocean overlying an elastic deformable earth andforced
by ECMWF atmospheric pressure surface fields is used to predict and interpretthese global
masses redistributions. These processes lead to a wide range of gravity variations, from
global to local spatialscales, and from diurnal to interannual variations. From these model
results we identifythe significant processes and their corresponding signatures in geodetic
observations(Earth's surface deformation, global gravity changes and surface gravity
measurements).We focus on high frequency gravity perturbations, which may be
aliasedduring the recovery of the global gravity field from the new generation of gravity
satellites.Possible comparisons between spatial and ground gravimetric measurements
arealso investigated.
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TEMPORAL GRAVITY FIELD RECOVERY FROM CHAMP AND GRACE

0830-007

Shin-Chan HAN, C.K. SHUM, C. JEKELI (Department of Civil and Environmental Engineering and
Geodetic Science, The Ohio State University)

The CHAllenging Minisatellite Payload (CHAMP) and Gravity Recovery and Climate
Experiment (GRACE) satellite missions are mapping Earth mean and temporal gravity fields
with unprecedented accuracy and resolution. Measurements from these gravity mapping
satellite missions have demonstrated and are expected to provide significant improvement in
our knowledge of the Earth’s gravity field whose temporal components are climate-sensitive
signals. CHAMP and GRACE are expected to monitor these signals for a time period of 5
years or longer. New models and observations of Earth’s mean and time-variable gravity
fields will be available with a temporal resolution of one month (primarily by GRACE). For
the successful recovery of time-variable gravity fields, geophysical effects such as ocean
tides, atmospheric mass redistribution, and high-frequency barotropic ocean signals should
be removed from the GRACE measurements to observe climate-sensitive signals such as
hydrology, ice sheet mass balance, and oceanic mass redistribution. Imperfect modeling of
these corrections, resonant orbit errors, and effect of temporal aliasing will contaminate
GRACE monthly solutions. In this study, we quantify the effects due to the inherent
modeling error and temporal aliasing caused by ocean tides, atmosphere, and ground
surface water mass on monthly mean GRACE gravity estimates. By simulating GRACE
range-rate perturbations due to modeling error along the orbit, we analyze their effects on
the estimated gravitational coefficients, as well as the temporal aliasing, by fully inverting
monthly GRACE data. Finally, we discuss the feasibility of the CHAMP mission to recover
the long wavelength temporal gravity fields by analyzing one year of CHAMP data.

JSG02/09A/D-008 Poster 0830-008
REPEATED HIGH-PRECISION GRAVITY AND GPS MEASUREMENT TECHNIQUES

Paul GETTINGS', Robert N. HARRIS', Rick ALLIS?, David S. CHAPMAN' ('Department of
Geology & Geophysics, University of Utah, *Utah Geological Survey)

Repeated high-precision gravity and GPS measurements are becoming acommon tool for
tracking changes in subsurface reservoirs. Despite this,there is little literature which
discusses measurement techniques andthe expected errors. Our research has focused on
improving measurementtechniques to be applied to ground water and geothermal steam
reservoirs,including quantifying the minimum error levels with modern equipment.We applied
these methods in two studies: ground water monitoring ofthe southern Salt Lake valley,
Utah, USA, and steam monitoring of theGeysers geothermal field, California, USA. Gravity
measurements using modern relative high-precision meters, suchas Scintrex CG-3Ms or
L&R E series, can now be routinely made to anaccuracy of 5 uGal. Such accuracy requires
the use of time seriesanalysis at each station, and non-linear instrument drift
functions.Modern computerized meters are capable of internally storing a time seriesof
measurements for each station; older meters can often be fitted tolog such data to a field
computer. This time series, typically of 10-15minute duration in our work, can then be
analyzed in several ways toproduce stable estimates of the gravity reading. In particular,
ourresearch has emphasized using a weighted arithmetic average (for longoccupations), or a
Thiele extrapolation scheme (for shorter stationoccupations). Instrument drift is removed
through a superposition ofa linear long-term drift function, and an empirical staircase
functionformed from differences between repeated station occupations. To achieve high-
accuracy GPS measurements while maximizing the numberof field stations in a survey,
rapid-static measurements are necessary.We have tested the effect of occupation time and
processing schemeson the absolute accuracy of the resulting GPS position. Using apost-
processing differential method with a fixed (but not necessarilycontinuous) base station
within 15 km, positioning error of <4 cmvertical is achievable with 30 minute occupations
and broadcast orbitalparameters. There is a definite correlation between baseline length
andpositioning accuracy. Using precision orbital parameters removes thiscorrelation.
Occupations of 60 minutes or more also improve accuracy;combining 1 hour occupations
with precise orbital data yields a verticalerror of <3 cm for all stations within 20-30 km of the
fixed reference. In both case studies, gravity measurements tracked known mass changesin
the reservoir. In the southern Salt Lake valley study, mass changesmeasured along the line
of gravity stations qualitatively tracked waterwell level changes, but very complicated local
hydrology precluded moredetailed quantitative comparisons. At the Geysers, the station
gridshows coherent spatial signals, with gravity changes that are withinmeasurement error of
theoretical predictions.
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THE EFFECT OF THE GENERATION OF NEW GRAVITY MODELS FROM CHAMP,
GRACE AND GOCE ON GEODESY

Reiner RUMMEL, Jakob FLURY, Thomas GRUBER (Institute for Astronomical and Physical
Geodesy, Technical University Munich)

It is our expectation that after completion of the missions CHAMP, GRACE and GOCE the
static and the time variable part of the earth's gravity field are known with high precision and
resolution. For the stationary part a geoid and gravity anomaly precision of 1 cm and 0.1
mGal, respectively, are envisaged with a spatial resolution of somewhere between 70 km or
100 km half wavelength. In combination with geodetic positioning techniques such as VLBI,
SLR and GPS height systems could be unified at cm-level, if local short wavelength gravity
information is available, too. Thus, once the new generation of global gravity models
becomes available, the remaining key question will be, whether systematic distortions in
nowadays gravimetry (land and sea), deflections of the vertical and topographic data bases
can be identified and eliminated. This would imply, that along with the long and medium
wavelength improvements also the short wavelength gravity field material would be
significantly improved from these missions.

JSG02/09P/A05-002 Invited
IMPACT OF AIRBORNE GRAVIMETRY ON GEODESY AND OCEANOGRAPHY

1425

Rene FORSBERG (Department of Geodynamics, KMS)

Airborne gravimetry has developed rapidly in recent years, primarily thanks to the
development of kinematic GPS. With typical best accuracies at the 1-2 mgal r.m.s. level, with
near bias- and drift-free performance, airborne gravimetry is an ideal tool for geoid
determination and regional gravity field mapping, allowing vast and inaccessible areas to be
quickly and economically covered. In continental areas geoid models from airborne, surface
and satellite data, combined with detailed elevation data (e.g., from the SRTM mission) could
readily meet most needs of height determination by GPS, reducing or eliminating the need
for levelling. In the marine areas, the possibility for seam-less coverage of near-coastal
regions, and the ability to detect systematic errors in existing marine gravimetry, would
enable the generation of improved geoid models, giving improved direct measurement of
dynamic sea-surface topography from satellite (or airborne) altimetry. In the paper a brief
overview is given of the current status of airborne gravimetry and some future trends. The
applications for land and marine geoid determination are illustrated by a number of KMS
cooperative survey projects, spanning from major surveys in the Arctic, over European sea
areas, to some experiences in tropical jungle regions.

JSG02/09P/A05-003 Invited 1450

GEOID HEIGHT TIME DEPENDENCE DUE TO GLOBAL GLACIAL ISOSTASY: A FILTER
FOR GRACE DATA ANALYSIS

Richard W. PELTIER (Dept. of Physics, University of Toronto,Toronto, Ontario, Canada)

The Gravity Recovery And Climate Experiment (GRACE) will, within the nextseveral years,
deliver an observation of the time dependence of geoid height that will resolve not only the
annual cycle of this field with high spatialaccuracy, but also its” secular component. Although
the annual cycle and itsinterannual variability will be dominated by atmospheric and surface
hydrology effects, the secular component will provide important information concerningthe
origins of global sea level rise. However the secular signal will also be significantly
influenced by the ongoing impact of the glacial isostaticadjustment process due to the most
recent polar deglaciation event which endedapproximately 10,000 years ago. If it were
possible to construct a sufficientlyaccurate a-priori model of this contribution to the global
secular change signalthat GRACE will observe, then this component could be removed so
as to more clearly reveal the modern climate change related influences more clearly. |
willdiscuss the considerable further progress that has been made in the constructionof a GIA
filter for GRACE, emphasizing the extent to which Holocene relativesea level observations
have made it possible to calibrate the model. These datahave recently lead to an
improvement in the model of net glacial forcing and toconfirmation of the important role that
rotational feedback plays in determining the largest spatial scale characteristics of the
expected GIA contribution to the GRACE observations.

JSG02/09P/A05-004 Invited 1515

TIME-VARIABLE GRAVITY: CASE STUDIES OF GEOPHYSICAL AND CLIMATIC
MONITORING AND MODELING

Benjamin Fong CHAO (Space Geodesy Branch, NASA Goddard Space Flight Center)

Precise time-variable gravity data from dedicated space missions enable us to study the
mass transport processes that occur in the Earth system, from high atmosphere to deep in
the Earth interior. This can be done in much higher spatial resolutions than provided by the
satellite-laser-ranging (SLR) technique. We will review the quarter-century of SLR
observation of low-degree time-variable gravity, which have already led to important
discoveries in terms of large-scale geophysical and climatic mass movements. We will then
discuss new quantitative aspects accentuated by the high precision of the space missions
such as GRACE. For example, the atmosphere pressure field will have to be considered not
in 2-D thing-layer approximation but in its full 3-D structure. Certain cases will be raised,
where interesting geophysical and climatic mass variations can either serve as ground
validations for the space mission observations, or benefit from independent quantitative
constraints afforded by the time-variable gravity data, depending on their temporal and
spatial resolutions.
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CAN CONTINENTAL WATER MASS VARIABILITY DERIVED FROM SATELLITE
GRAVITY MISSIONSBE USED TO CORRECT FOR THE LONG-
WAVELENGTHHYDROLOGICAL LOADING SIGNAL IN GEODETIC TIMESERIES?

Tonie M. VAN DAM', John M. WAHR? ('European Center for Geodynamics and Seismology,
*Department of Physics, University of Colorado, Boulder)

Model estimates of the annual variations in continental water storage are of
sufficientmagnitude to induce peak-to-peak changes in the vertical position of geodetic
stationsof up to 3 cm. Signals of this magnitude need to be removed from the geodetic data
ifthe geodetic trend is to be interpreted in terms of geodynamic processes.Unfortunately,
considerable errors are probably present in the model-derived waterstorage estimates due to
errors in the model forcing, parameters and model formulation.If these models are used to
correct the geodetic data, it is likely that thecontinental water storage signal is being
improperly removed from the geodeticdata sets. A large number of satellite gravity missions
have been recently launched, or will comeonline in the near future, that will measure
changes in Earth’s surfacehydrology with unprecedented accuracy. Gravity missions such
as CHAMP, GRACE and GOCE,and other satellite missions have the potential to
significantly improve our understandingof many hydrologic processes, as well as improving
ourability to monitor and predict the partitioning of continental water mass intosnow,
precipitation, soil moisture and ground water. In this paper, we investigate the possibility that
estimates of water storagevariations derived from satellite gravity missions can be used to
correctgeodetic data for the long wavelength component of the water storage signal.

JSG02/09P/A05-006 Invited 1620

GRACE - UTILITY AND VALIDATION:MAPPING THE TIME-MEAN CIRCULATION OF
THE NORTH ATLANTIC OCEAN

Steven Robert JAYNE (Dept. of Physical Oceanography, Woods Hole Oceanographic Inst.)

The precise measurement of the geoid by the Gravity Recovery andClimate Experiment
(GRACE) mission permits the estimation of theocean’s time-mean, three-dimensional,
geostrophic circulation. The time-mean sea surface height measured by satellite altimetry
includesthe ocean’s dynamic topography (order 1 meter), however this signal isobscured by
the much larger signal of the Earth’s geoid (order 100meters). Traditional estimates of the
Earth’s gravity field(i.e. EGM96 by Lemoine et al. 1998) incorporated the time-mean sea
surface height, heretofore preventing the estimation of permanentocean currents such as the
Gulf Stream, the Kuroshio, and theAntarctic Circumpolar Current. The GRACE geoid,
measured independentlyof altimeter data, allows for more accurate estimation of the
ocean’sdynamic topography. The three-dimensional structure of geostrophic ocean currents
isestimated from the combination of dynamic height, computed from aclimatology of
temperature and salinity, and the mean sea surfaceheight. This circulation estimate can be
independently tested againstthe dynamic pressure estimated from deep float displacements.
Thepreliminary results indicate that the GRACE estimate is a substantialimprovement over
the EGM96 geoid for calculating the generalcirculation of the North Atlantic Ocean at large
spatial scales.

JSG02/09P/A05-007 1645

THE GRAVITY RECOVERY AND CLIMATE EXPERIMENT: STATUS AND EARLY
RESULTS

Byron TAPLEY', Christoph Reigber® (‘University fo Texas Center for Space research,
*GeoForschungZentrum Potsdam)

The Gravity Recovery and Climate Experiment (GRACE) is a dedicated satellite mission
whose objective is to map the global gravity field with unprecedented accuracy over a spatial
range from 400 km to 40,000 km every thirty days. The measurement precision will provide
a mean gravity field whose accuracy in this frequency range is between 10 and 1000 times
better than our current knowledge. The gravity measurements are applicable to studies of
the general ocean circulation and ocean-atmosphere heat and mass exchange.
Measurements of continental aquifer mass change, polar ice mass change and ocean
bottom currents are examples of a completely new remote sensing capability whereby we
can use satellite measurements to look into the earth's interior. The GRACE mission involves
two identical satellites orbiting one behind the other at an approximate distance of 200 km.
The primary measurement is provided by the High Accuracy Inter-satellite Ranging System
(HAIRS), which measures range change between the two satellites. The range change will
be measured with a precision better than 10 microns. A highly accurate three-axis
accelerometer, located at the satellite mass center, will be used to measure the non-
gravitational accelerations. Satellite GPS receivers will position the satellites over the earth
with sub-centimeter level accuracy. With this set of measurements, the two GRACE satellites
will provide highly accurate measurements of the global gravity field once every thirty days.
The two satellites were launched on March17, 2002, and are designed to operate for a
period of five years. This presentation will summarize the mission status, the satellite and
instrument performance, and will describe some of the early results and the impact of these
results on global climate change investigations.

JSG02/09P/A05-008 1700

SCIENTIFIC ACHIEVEMENTS FROM THE FIRST PERIOD (1997-2003) OF THE GLOBAL
GEODYNAMICS PROJECT USING A WORLDWIDE NETWORK OF
SUPERCONDUCTING GRAVIMETERS

Jacques HINDERER', David CROSSLEY? ('"EOST/IPGS (UMR 7516 CNRS-ULP) Strasbourg
France, *Department of Earth and Atmospheric Science Saint-Louis University)

The first term of the GGP (Global Geodynamics Project) of a worldwide network of
superconducting gravimeters (SGs) started in July 1997 for a duration of 6 years. A special
effort was made by all the SG groups to record pressure and gravity to uniform standards of
precision and sampling, with standard data acquisition filters. We also agreed to prepare one
minute data in an homogeneous way with identical exchange formats before uploading the
files to the database hosted at ICET (Brussels, Belgium). This effort has allowed us to collect
high quality records of time-varying gravity from about 15 stations with a cluster in Europe
and Japan, and individual stations in Canada, United States, Australia, South Africa,
Indonesia, Antarctica and in the Arctic (Spitsbergen). We paper is devoted to here review
the main scientific results obtained from this set of gravity records. We first emphasize the
seismic frequency band (periods below 54 min) where SGs have shown to be better than
broadband seismometers for the observations of long-period fundamental normal modes
after large earthquakes. A noise comparison from all the stations also shows that these
instruments are uniquely suited to study in the best available conditions the sub-seismic
band (periods above 54 min and below the tides) where it is predicted there should be the
core modes and the Slichter triplet of the inner core. Second, we discuss significant new
results that have been obtained concerning the tides: zonal long-period components, ocean
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loading, detection of non-linear tides, and Free Core Nutation resonance effects. Third, we
deal with the long-term gravity changes and show that SGs, thanks to their extremely low
instrumental drift, are also a useful tool for detecting seasonal changes due to various
loading effects (hydrological, non-tidal oceanic, atmospheric), as well as the contribution
from the pole motion at the Chandler period. Finally we will demonstrate the possibility that a
regional network of SGs, such as currently operated in Europe, can validate/calibrate time-
varying satellite gravity data from the new space missions, e.g. CHAMP and GRACE.

JSG02/09P/A05-009 1715

MODELLING OCEAN MASS REDISTRIBUTIONS IN THE HADLEY CENTRE CLIMATE
MODEL

Keith HAINES, Rory BINGHAM (Environmental Systems Science Centre, Reading Univ.)

Oceanic mass redistribution leads to temporal changes in the Earth's gravitational field. The
GRACE satellite mission launched in March 2002 promises the opportunity to observe these
changes with unprecedented accuracy.This study is an attempt to characterise the spatial
and temporal scales of mass redistribution in the ocean. We further consider gravitational
effects of this redistribution. We derive bottom pressure anomaly fields from the output of
the one hundred year control run of the Hadley Centre coupled ocean-atmosphere model
HadCM3. From the bottom pressure time-series we derive time varying geoid displacements
to degree and order 100. Together these two data sets form the basis of our study. We use
a variety of mathematical and statistical techniques to separate the time-series into
frequency bands. The mean power spectrum reveals that, as expected, the annual
harmonic is the dominant bottom pressure signal. Significant power was also found at the
semi-annual and third-annual harmonics. Each of the bottom pressure annual and higher
harmonics was isolated and it's effect on the geoid calculated. A comparison of the annual
geocenter motion was made between this study and the limited number of other studies for
which such a calculation has been performed. Relatively good agreement was found for the
x component with much poorer agreement between the models in the two other directions.
The oceanic processes leading to the geocenter motion are considered. Empirical
Orthogonal Function (EOF) analysis confirmed the dominance of the annual signal. The
second mode had a decadal frequency and a spatial pattern suggestive of basin wide
transport between the Pacific and Atlantic oceans. We consider the relationship between
this mode and observed modes of climate variability. A composite method was also used to
characterise the mass redistribution associated with the model ENSO events. Impact on
variability of large scale quantities such as J2 are considered.

JSG02/09P/A05-010 1730
IMPACT OF NEW GRAVITY MISSIONS FOR SATELLITE ALTIMETRY APPLICATIONS

Thomas GRUBER, Jakob FLURY, Thomas PETERS, Drazen SVEHLA (Institute for Astronomical
and Physical Geodesy, Technical University Munich)

The new gravity field missions CHAMP, GRACE and GOCE promise to provide significantly
improved global gravity field models of the Earth. Satellite altimetry, which closely links the
geodetic and oceanographic areas of research, immediately benefits from improved gravity
field information in two ways. Apart from possible improvements in the radial accuracy of
altimeter satellite orbits by using better gravity field information, the oceanic geoid and its
variations is the quantity of main interest, because it enters into the determination of dynamic
ocean topography and into bottom pressure variations. The paper investigates both aspects
based on the most recent CHAMP (and if available GRACE) gravity field solutions. (1) Orbits
for altimeter satellites based on the new gravity field models are analysed in order to identify
the impact of the new gravity field models on their radial accuracy. (2) The ocean geoid,
derived from these models is analysed in the spatial and spectral domains in order to identify
its impact on newly computed sea surface topography solutions. For this purpose several
sea surface topography solutions are computed by subtracting the oceanic geoid from
altimetry derived mean sea surfaces and subsequent filtering. Comparisons to
oceanographically derived sea surface topography solutions are used to assess the quality
of the new gravity field solutions over the oceans.

JSG02/09P/A05-011 1745

CO-SEISMIC GEOID AND GRAVITY CHANGES DETECABLE BY GRAVITY SATELLITE
MISSIONS

Wenke SUN, Shuhei OKUBO (Earthquake Research Institute, University of Tokyo)

Recently, a number of dedicated satellite missions is and will be available for gravity field
determination from space, such as, CHAMP, GRACE and GOCE. Especially, the primary
objective of GRACE is to provide an unprecedented accuracy, global and high-resolution
estimates of the constant and time-variable part of the earth's gravity field for every 30 days
in 5 years. It can be expected that almost all time change problems in geosciences can be
detected and well studied in the near future. The temporal gravity variations causing a global
signature is usually considered to result from atmospheric mass redistribution, ocean
circulation, sea level changes due to polar ice melting or aggregation, and the visco-elastic
response of the Earth’s lithosphere to past and present loads. However, another potential
application of the gravity missions is that they provide us with powerful means to detect
gravity and geoid changes caused by earthquake, which have never been detected up to the
present. A case study of 1964 Alaska earthquake (Sun and Okubo, 1998) indicated that the
gravity change could be detected on the earth surface by super-conducting gravimeter even
as far as 5,000 km away. A geoid height change due to the earthquake could reach at 1.5
cm. Such gravity and geoid height changes are expected to be detectable by modern space
techniques, like Altimetry and gravity missions. However, due to the limit spatial resolution of
the gravity satellite missions, co-seismic deformations must calculated with a truncation of
the harmonic degrees, i.e., the contribution of higher degree part then the resolution of the
space missions should be removed out. This requires a corresponding investigation for
individual or group wavelength, i.e., a theoretical work and simulation on truncated co-
seismic deformation is necessary. This purpose can be approached by the dislocation theory
(Sun and Okubo, 1993) for a spherical model since it is expressed in spherical harmonics.
For this purpose, in this research, a concept of truncated co-seismic geoid and gravity
changes is proposed and corresponding expressions are presented to compute co-seismic
geoid and gravity changes for spherical harmonic degree within the spatial resolution of the
gravity satellite missions. So that numerical results of any individual harmonic degree or
summation to an interested degree can be used to compare with the precession of the
gravity missions, to investigate whether the co-seismic gravity and geoid changes are
detectable. A numerical computation of truncated co-seismic gravity and geoid changes is
performed for a source equivalent to the fault size of the Alaska earthquake (1964, mw=9.2).
Results indicate that both gravity and geoid changes are about two orders larger than the
precession of the gravity missions. It implies that co-seismic deformations caused by a
smaller earthquake (e.g., m<8) are still detectable.
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METHOD OF RESERVOIR STORAGE MONITORING BY SATELLITES

Jun MAGOME', Hiroshi ISHIDAIRA?, Kuniyoshi TAKEUCHYI® ('Graduate Student, University of
Yamanashi, *Graduate School of Engineering, University of Yamanashi)

More than 41,413 dams over the height of 15m are now in operation in the world serving for
various important purposes in their region. Their efficient use is the most important subject in
water resources management. Therefore it necessitates the regional monitoring of water
storage in reservoirs, especially its seasonal variation. Since the ground observations of
reservoir storages are often not available to the users due to lack of proper information
transmission network as well as, in some cases, administrative barriers, it is desirable to
develop technology to monitor water storage by the use of satellite remote sensing
technique. In this study, we propose new methods for estimating water storage in reservoirs
based on satellite observations and digitized topographical data. First method is the
combination of area of water surface (A) extracted from satellite image and change in water
level (dH) measured by satellite altimeter. Second one is the combination of satellite data
and relationship between water level (H), area of water surface (A), and reservoir storage
(V), i.e. A-V curve, H-V curve, and H-A curve. If these relations are available, satellite
measured A or H can be translated into the V. These methods are applied to the Yagisawa-
reservoir in Japan and Volta Lake of Akosombo dam in Ghana to verify the possibility of
estimating the water storage in reservoir. In order to identify the area of water surface of
reservoirs (A), the satellites and sensors used are : JERS-1/SAR, SPOT/HRV,
ADEOS/AVNIR and TERRA/MODIS. The radar altimeter system mounted on
TOPEX/POSEIDON was used for deriving water revel. For Yagisawa - reservoir, the derived
average accuracy based on satellite images and A-V curve estimated form DEM was , in
terms of percentage error, 8.3% (SPOT/HRV and ADEOS/AVNIR : semi-automated), 8.2%
(JERS-1/SAR : image reading) and 19.7 % (JERS-1/SAR : semi-automated) as against
observations at dam site. As for Volta Lake, all proposed methods can provide seasonal to
inter-annual variability of reservoir. In comparison with Volta River Authority report, in which
the change in water storage from 1999/1/1 to 1999/12/31 was reported as 27.89 km3, the
error of estimated results are the less than 10 %. Each method has its advantages and
limitations depending upon the availability of data, scale and location of reservoir, and so on.
However, these methods have high potential to be used for monitoring the reservoir storage
without in-situ observations. Because new satellites and geographic information are being
prepared on a global scale, proposed methods are considered to be able to monitor regional
water storage in reservoirs more precisely by using these data.

JSG03/09P/A12-002 1420

REMOTE SENSING OF LAKE ICE: LAKE BAIKAL, SPRING PHYTOPLANKTON BLOOM
STUDIES

Sergei V. SEMOVSKI', Nikolay Yu. MOGILEV?, Petr Yu. PUSHISTOV" ('Limnological Institute SB
RAS, Irkutsk, Russia, *Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia, *Yugra Institute
of Information Thechnologies, Khanty-Mansijsk, Russia)

The state of the ice cover, and the freeze-up and breakup dynamics of lakes areinfluenced
by a climate variability and are good indicators of large-scaleclimate changes. The spatial
distribution and the state of the ice cover oflakes determine in a multitude of ways the
occurrence of many processes in lakeecosystems, and the formation of hydrophysical fields.
The algal bloomintensity in lakes depends in many respects on the optical properties of ice.
Routine observations of the conditions of the snow and ice cover at a stationary
hydrometeorological network are usually poorly representative, and the mainpart of the water
surface remains unexplored by researchers. The generation andsample applications of a set
of multispectral remotely sensed products forinvestigations of Lake Baikal's ice cover
variability are described. During theperiod from mid-January to the end of April, the lake is
completely coveredwith ice, and by analyzing satellite information it is possible to
investigatein detail the distribution and dynamics of the main types of ice cover. Different ice
cover classes and unfrozen water distributions areestimated from calibrated and navigated
NOAA AVHRR 1.1-km imagery of LakeBaikal for January 1994 through May 2002. The
processing strategy andcharacteristics of the products are reviewed. The utility of this type
ofmultiparameter dataset for modeling applications and process studies isdiscussed. High-
resolution Resurs, ERS SAR, ASTER and MODIS images are usedfor detailed
representation of different ice classes distributions. Aulacoseira baicalensis diatom is a
dominant pelagic endemic species of Lake Baikal during spring. The diatom begins to
multiply in February-March under the ice and its concentration reaches a maximum in April-
May. The under-ice bloom intensity of diatoms shows a strong interannual variability. The
causes of these changes are unclear yet; however, the photosynthetic active irradiance
transmission through the ice during the springtime depends largely on ice optical properties.
The heat-driven convection intensity, turbulence and stratification structure are also
associated with changes in persistence of the ice cover. Both optical andhydrodynamic
factors form conditions for diatoms growth. The known spatial and temporaldistribution of ice
for the whole lake is used in bio-optical model of waterecosystem dynamics for spring bloom
simulation. Optical properties of iceclasses derived using remote sensing data and available
downward irradiance onthe water surface are estimated using field observational data.
Thisinformation is used as external fluxes in the large eddies model of the under-
iceconvective boundary layer. Bio-optical model of two-component phytoplankton dynamics
(heavy diatoms and light picoplankton) coupled with heat-driven hydrodynamics is
developed. Equations of the ecodynamics model are based on general principles of
population dynamics. The impact in optically active ecosystem components in theunderwater
spectral irradiance field is simulated.
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SURFACE SKIN TEMPERATURE DIURNAL CYCLE OVER LAND FROM COMBINED
PASSIVE MICROAVE AND INFRARED SATELLITE OBSERVATIONS - APPLICATION
TO SOIL MOISTURE RETRIEVAL

Filipe AIRES', Catherine PRIGENT?, Willian B. ROSSOW?® ('GISS/NASA - Columbia University
and LMD/IPSL/CNRS - Ecole Polytechnique, ’CNRS, LERMA, Observatoire de Paris, Paris, France,
‘NASA/Goddard Institute for Space Studies, New York, USA)
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Land surface temperature (Ts) diurnal cycle and its difference with the temperatureof the
overlying airmass (Tair) govern the exchange of energy fluxes at the land-atmosphere
interface. Adequate measurements of Ts over land over the whole diurnal cycle would not
only enable model evaluation of coupled land-atmosphereclimate model, it would also
provide an additional constraint on latent and sensible heat flux calculations. However
accurate measurements of Ts over continents are not yetavailable for the whole globe, for
clear and cloudy skies, with a time sampling adequate to resolve the diurnal cycle. Unlike
Tair, Ts is not conventionallyobserved by the meteorological weather stations. Ts are
estimated from satelliteinfrared radiance observations, but are limited to clear conditions
because of theinability of infrared to penetrate clouds. A neural network inversion scheme
has been developed to retrieve the surface skin temperature along with atmospheric water
vapor, cloud liquid water, and surface emissivities over land from passive microwave from
the Special Sensor Microwave / Imager [Aires et al., JGR, 2001; Prigent et al., JAM, 2003].
The results of the neural network inversion are very encouraging, with r.m.s. theoretiocal
error of 1.3K inclear sky conditions and 1.6K in cloudy scenes for Ts over the globe. In the
absence of routine in situ surface skin measurements, retrieved Ts values are evaluated by
comparison to Tair measured by the meteorological station. The Ts/Tair difference shows all
the expected variations with solar flux, soil characteristics, and cloudiness. Microwave Ts
retrieval presents a very attractive complement to the infraredestimates in cloudy areas and
time record of land surface temperature can be produced.However, the SSMI microwave
observations on board the Defense Meteorological Satellite Program (DMSP) polar orbiters
do not provide the adequate time sampling for a fulldescription of the surface skin
temperature cycle under cloudy condition. A study isunderway to reconstruct the complete
daily surface skin temperature diurnal cycle overthe globe from a limited number of
observations for both clear and cloudy conditions,based on a statistical analysis of the
observations datasets and excluding modelcalculations.In a second phase, soil moisture
retrieval is examined from combined passive microwave and infrared observations. Surface
soil moisture information can be derived from passive microwave observations, even at
SSM/I above 15 GHz. In addition, analysis of the amplitude of the surface skin temperature
cycle can also provide indirect information on the soil moisture content. Soil moisture from
NCEP are systematically compared to passive microwave satellite information and to
retrieved surface skin diurnal cycle, in order to analyze their sensitivity to spatial and
temporal variations of the soil moisture, on a global basis and for a year. This sensitivity
analysis will lead to the development of a soil moisture retrieval scheme from combined
microwave and infrared observations. It will make use of satellite observations that have
been available for more than a decade and will thus enable global scale studies of the intra
and inter annual variability of soil moisture.
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CLUSTER ANALYSIS OF REMOTELY SENSED DATA FOR DISCRIMINATING SINKS
AND SOURCES OF NATURAL ADMIXTURES IN CASE Il WATERS

Lioudmila Y. AMETISTOVA!, Genrikh S. KARABASHEV? ('Ocean Technology Group, University
of Sydney, Australia, ’PP Shirshov Institute of Oceanology, Moscow, Russia)

Remote sensing is unique in its capabilities for monitoring ocean colour and subsequent
assessment of biogeochemical properties of the waters. Sea-viewing Wide Field-of-view
Sensor (SeaWiFS) is the most popular sensor for interpreting remotely sensed data from
aquatic environments. The basic assumption for chlorophyll retrievals from water-leaving
radiances is that there exists a more or less universal relationship between ocean colour
and phytoplankton pigment concentration (case | waters). Unrealistically high chlorophyll
values obtained with the standard OC4 algorithm in coastal waters of high latitudes (case Il
waters) is the result of the failure of such an assumption. In turbid waters photosynthetic
pigments, coloured dissolved organic matter, organic as well as inorganic solids colour the
water. Due to significant river runoff and shallowness of the White Sea (Russian Arctic), it
represents typical optically complex case Il waters. Cluster analysis was applied to the
White Sea L2 SeaWiFS water-leaving radiances in 6 visible wavelengths (A=
412,443,490,510, 550 and 675 nm) for all dates available from August 1997 (SeaWiFS
launch) till October 2001. For total 712 days 10 clusters were identified. Negative values
were encountered in over 60% of the cases in the 412 nm band, which indicates
atmospheric correction failure in the coastal zone due to particulate matter presence and
thus inability to use SeaWiFS standard chlorophyll algorithm. The most abundant pattern
has a slightly negative 412 nm band and a radiance peak at 550 nm ranging between 0.3-
0.5 mW/cm?um/sr. Almost parallel is a cluster with more pronounced negative part of the
spectra (first three bands have negative radiances). Mentioned spectra are found in the
outer parts of the major bays. Due to pronounced 550 nm peak and taking into
consideration typical values of particulate matter, chlorophyll and yellow substance
concentrations encountered in the White Sea, spectra in the regions of river discharge
reflect very high yellow substance concentrations as well as particulate matter presence.
Found closer to the shore (but not in the river discharge basins) are the spectra with
unrealistically high values in all visible bands — presumably caused by strong bottom
reflection in optically pure shallow waters. In these areas Barents sea waters intrusion into
the White Sea is observed. In case Il waters yellow substance absorption and particulate
matter backscatter determine water optical properties. Therefore, only strong chlorophyll
blooms can be detected in such waters using SeaWiFS data. The study was supported by
the Russian Foundation for Basic Research, project no. 02-05-64680.
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ESTIMATION OF SEASONAL PARTIAL PRESSURE CO2 IN NORTH WEST PACIFIC
OCEAN BY SHIP AND SATELLITE DATA

Takahiro OHSAWA!, Keiko HANAWA', Chaofang ZHAO?, Yasuhiro SUGIMORI' (‘Department of
Information Science, Chiba Univeristy., *National Laboratory of Ocean Remote Sensing of MOE)

Determination of seasonal and high-resolution partial pressure CO2 (pCO2) in surface
seawater is one of the most challenging problems in order to estimate CO2 flux between air-
sea interfaces. The new empirical relation among pCo2, different physical and geochemical
parameters has been established in the surface ocean using recent WOCE and JGOFS
data. This data has been tested in the Northwest Pacific Ocean. Compared with pCo2
investigations, the results show a good agreement in the tropical ocean and subtropical
gyres throughout the year, as well as temperate waters in the summer season. The mean
value of pCo2 is well-simulated using Levitus climatological dataset. The temporal and
spatial variations of pCo2 are dominantly controlled by sea surface temperature, which
implies a combination of operational AVHRR dataset. This datasets may produce high
resolution of pCo2 and its seasonal variation in the study area. In winter season, when
intense upwelling occurs in the subarctic region, a systematic underestimation of about 74
patm is found for the proposed parameterization method, mainly attributed to the rich
nutrients from the deep water and TCo2 accumulated through biological bump. After
correcting this bias, the calculated pCO2 coincides well with the historical investigations.
Further effort is necessary for modeling the study area where upwelling is active in winter
season, especially using remote sensing data ( e.g., SeaWiFS, MODIS and GLI).
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MAPPING SEA SURFACE SALINITY IN COASTAL WATERS WITH AN AIRBORNE
MICROWAVE RADIOMETER

Malcolm Lewis HERON', Derek M. BURRAGE?, Thomas C. STIEGLITZ', Arnstein PRYTZ'
('MARINE GEOPHYSICAL LABORATORY, *The University of Southern Mississippi, MS, USA)

A prototype scanning low frequency microwave radiometer (SLFMR), developed by NOAA
and NRL and constructed by ProSensing Ltd has been calibrated and validated in
deployments on river plumes in the Great Barrier Reef Lagoon in North Queensland,
Australia. The spatial resolution, when the aircraft is flying at 3,000 m, is about 1 km and a
6 km swath is mapped across the heading direction of the aircraft. The salinity resolution is
about 1 psu. The SLFMR is a null measurement system with a Dicke switch between the
antenna and a noise diode which is controlled by a feedback voltage. The compartment is
thermally controlled at about 40 OC with thermistors placed at key locations. The calibration
of the instrument is sensitive to small differences in the temperatures within the
compartment. Also, there is an aging influence on the calibration. We established a
calibration procedure which uses the cosmic background and room temperature as two
calibration points, and we assume that the correction effects are linear in between. The
calibration procedure is performed before and after each campaign (usually for a duration of
about two weeks). With careful attention to the calibration, we have successfully mapped
river plumes and groundwater runoff from the wet tropics of the North Australian continent,
demonstrating that the SLFMR is a valuable tool for coastal oceanography studies.Examples
are shown of river plumes from the Herbert River in North Queensland. When the wind
speed is low, well formed plumes can be seen being swept alongshore by the prevailing
coastal current. Under these conditions there is a strong stratification and the surface layer
is highly mobile. When the wind rises to above about 6 m s -1 the plume is rapidly vertically
mixed.One of the most pressing problems for the Great Barrier Reef Marine Park Authority
(which is a regulatory authority set up by the Federal Government to ensure the sustainable
use of the Marine Park) is to determine and manage the effect of river runoff into the main
lagoon region.  The rivers carry sediments and nutrients into the Lagoon. It has been
shown that the sediments predominantly form a coastal wedge and affect only the coastal
fringing reefs. The destination and effect of nutrients is less certain and the SLFMR is
proving to be a uniquely useful instrument in providing a measure of advective and diffusive
mixing of the fresh water into the Lagoon .
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REMOTE SENSING & DECISION SUPPORT FOR ENVIRONMENTAL SUSTAINABILITY

Gilbert L. ROCHON!, Chris JOHANSSEN?, Steve MAYO?, Mohamed MOHAMED*, Marseyas
FERNANDEZ’, Sarada MAJUMDER®, Larry BIEHL? ('Purdue University, Information
Technology/Earth & Atmospheric Sciences, *Purdue University, Agronomy Dept./Lab. for
Applications of Remote Sensing (LARS), *Purdue University, Information Technology (ITaP),
“‘Pixoneer Geomatics, Inc., ‘Imagine Software, Inc.)

It has been observed that some decisions which have significant impact on inter-
generationally prudent management of terrestrial resources are made withoutawareness of
the regional historical context (e.g.landcover, landuse, hydrology,biodiversity, human impact,
natural geomorphology) and/or with either innocenceor insouciance with respect to the future
collateral damage associated with suchdecisions. It has further been observed that the
volume and complexity of dataderived from multi-temporal, multi-satellite remote sensing,
particularly whencombined with in situ data sources,can be overwhelming for even well-
intentionedhighly trained and intergenerationally ethical decision makers.Accordingly, it was
determined that a prototype decision support system that wasable to incorporate region-
specific legacy data, contemporary input and thecapacity to generate evocative
representations of “what if” scenarios, could bea useful adjunct to both rule-based and
quantitative decision support systems. In developing prototypical tools for enabling and
monitoring region-specificenvironmental sustainability, the focus advanced herein is the
potential benefitof providing the decision maker with virtual hindsight, through real-time
rapidexploration of the archival satellite data with on-the-fly change detection,andassociated
in situ data, as well as virtual foresight, through visualization of alternative future scenarios.
The limitations and contributory roles of remotesensing,GIS,GPS and visualization
technologies in such prototyping are examined,within the context of regions within Africa.
The complexity of sustainable agri-cultutral ecosystems in support of regional food security
and the potentialregional impact of climate change provide challenges to effective tool
develop-ment. Moreover, the need to establish practical dissemination of the
appropriatetechnologies and associated infrastructure in a manner so as to benefit
thenutritionally vulnerable segment of the population is of paramount importance. Case
studies are presented to illustrate the potential contribution of remotesensing enabled
decision support for sustainable development and food securitywithin African contexts and to
assess alternative implementation strategies.
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INSAR OBSERVATION OF THE AMUNDSEN BAY, ANTARCTICA

Makoto OMURA', Katsuaki KOIKE?, Koichiro DO, Kazuo SHIBUYA', Shigeru AOKT ('Dept. of
Environmental Science, Kochi Women's Univ., *Faculty of Engineering, Kumamoto University,
*National Institute of Polar Research)

InSAR technique is useful method to observe the surface topography and to monitor the Ice
sheet and glaciers in the Antarctic region. We selected the Amundsen Bay, Enderby Land,
Antarctica as a test site for the InSAR observation. There are some preliminary INSAR
researches on the movements of ice sheet (Ozawa, et al., 1998), Glacier (Omura et al.,
2000) and topography (Omura et al., 2001). SAR data from JERS-1, ERS-1 and ERS-2
were received at the Showa Station. Some good InSAR pair including the tandem mission of
ERS-1/2 data and JERS-1 SAR L-band data were analyzed by three kind of processing
system. We will show the characteristics of topography and its changes around the
Amundsen Bay and the system dependent difference in interferograms. This study is carried
out as a joint scientific research program of National Institute of Polar Research, Tokyo,
Japan.
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RESPONSE OF LAKE VOSTOK TO ATMOPHERIC PRESSURE CHANGE

1640-010

Koichiro DOI', Kazuo SHIBUYA', Shigeru AOKI', Tsutomu YAMANOKUCHI?, Reinhard
DIETRICH’, Anja POTZSCH® ('National Institute of Polar Research, *2. Remote Sensing Technology
Center/The Graduate University for Advanced Studies, *3. Institut fur Planetare Geodasie, Technische
Universitat Dresden)

More than 70 subglacial lakes were discovered with airborne radio-echo sounding in
Antarctica (Oswald & Robin, 1973). The Lake Vostok is the largest one, which locates in east
Antarctica around 77°S, 105°E. Ice thickness over the subglacial lake is more than 3km and
dynamics of the lake is very interesting. Some geodetical observations like as GPS, SAR
interferometry, and gravity measurements will be effective to detect surface displacements
over the lake. Schneider and Simon (1976) observed solid earth tides for about 5 month in
1969 with a gravimeter Gs 11 No. 140 at Vostok station, which is on an ice sheet over the
Lake Vostok. We reanalyzed the gravity data using a tidal analysis program BAYTAP-G
(Tamura et al. 1991) and obtained gravimetric factors for diurnal and semidiurnal tides as
well as phase differences of each constituent from theoretical solid tides. The obtained
results are consistent with those by Schneider and Simon (1976). We also estimated the
response in gravity to atmospheric pressure changes by the program and the obtained value
is -3.7 micro-gal/hPa (1 micro-gal = 10°ms?). Since the response value takes around -0.3
micro-gal/hPa in ordinal observation on the ground, this value is remarkably large. The
obtained response value means upward displacement of ice surface under the condition of
pressure increment. We suspect that some movements of fresh water beneath the ice sheet
affect the surface response to atmospheric pressure changes. We can examine the vertical
displacements of ice surface due to atmospheric pressure change by the combination of
SAR interferometry and atmospheric pressure data estimated from the NCEP/NCAR
reanalysis data. We will detect surface displacements from some interferometric scene pairs
observed by ERS-1 and ERS-2 over the lake and discuss the response of the subglacial
lake.

JSGO03/09P/D-003 Poster
LAKE LEVEL MONITORING FROM ALTIMETRY MEASUREMENTS

1640-011

Jean-Francois CRETAUX', Anny CAZENAVE', Franck MERCIER?, Alexey KOURAEV?, Benoit
LEGRESY?, Frederique REMY?, Gaetan VINAY', Fabrice PAPA' ('CNES/LEGOS-GRGS, 2LEGOS)

With the recent missions of satellite altimetry (Topex-Poseidon, Jason-1, Envisat, ERS-1 and
ERS-2) it is possible to measure with a great precision inland sea level variations that can be
interpreted as water mass balance. The Legos laboratory is involved in this field of analysis
since many years. In the frame of an INTAS project we have calculated the Aral Sea level
variations with the Topex / Poseidon measurements from 1993 to 2002, ERS1&2 from 1991
to 2002, and Jason measurements in 2002. It has been shown that the so called big and
small Aral have separate water level variations. Big Aral is continuously drying out with a
slope of around 80 cm/year, while in the north, the level of the small Aral fluctuates at an
annual time scale (due to climatic seasonal variations) and present also a lower decrease
(less than 10 cm/yr). Traditionally lake level variations (that are usually in continental areas)
have been measured with Topex / Poseidon mission, but the use of data from ERS satellites
is also of a big interest due to their higher spatial resolution than the Topex / Poseidon or
Jason satellites. Moreover, sea level variations that result from variation of hydrological
parameters such as river discharge, precipitation and evaporation, are very sensitive
indicators of regional climate variations. Based on an high spatial resolution bathymetry map
which has been digitalized in 2002 we have preferred to compute variations of volume of the
small and big Aral seas, which is a parameter more interesting in term of water mass
balance than water level.

JSG03/09P/D-004 Poster 1640-012
MICROWAVE REMOTE SENSING OF SOIL MOISTURE IN FIFE FROM 1987 TO 1988

Hiroshi MATSUYAMA', Sachiko ICHIKAWA', Tosiyuki NAKAEGAWA? ('Department of
Geography, Tokyo Metropolitan University, *Meteorological Research Institute)

This study evaluates the possibility of estimating surface soil moisture through passive
microwave remote sensing of 19 GHz. Spatial average of the surface 5 cm soil moisture in
the grassland of FIFE study area (15 km by 15 km, First ISLSCP Field Experiment,
International Satellite Land Surface Climatology Project) from July 1987 to October 1988 are
compared with the observation from SSM/I (Special Sensor Microwave / Imager) on board
DMSP (Defense Meteorological Satellite Program). Also, LAl (Leaf Area Index) calculated
from NDVI (Normalized Difference Vegetation Index) of NOAA/NASA (National Oceanic and
Atmospheric Administration / National Aeronautics and Space Administration) pathfinder
AVHRR (Advanced Very High Resolution Radiometer) 8-km land data set, is used to
investigate the effect of phenology on the soil moisture estimation. The relationship among
soil moisture, LAl and the polarization index (Pl) is investigated. Pl is defined as the
brightness temperature of the vertical polarization minus that of the horizontal polarization,
which is normalized by the average of these temperatures. By using Pl, it is not necessary to
consider the variation of surface skin temperature or effective temperature in the ground.
The multiple regression analysis is applied to estimate the surface soil moisture by using LAI
and PI. The incorporation of LAl into the multiple regression analysis reveals the higher
accuracy of the estimation ofsoil moisture (r = 0.53 in 1987 and r = 0.76 in 1988) in
comparison with the single regression analysis between soil moisture and Pl (r = 0.42 in
1987 and r = 0.73 in 1988). Also, AIC (Akaike’s Information Criteria) of the multiple
regression analysis is smaller than that of the single regression analysis. Namely, the
importance of phenology on the estimation of surface soil moisture is statistically confirmed.
The standard error of the multiple regression analysis (ca. 20-30 % of volumetric soil
moisture) is as large as the coefficient of spatial variation of theobserved soil moisture in the
FIFE study area.Concerning the transferability of this method, LAl and Pl of 1988 (1987) are
substituted into the multiple regression equation obtained in 1987 (1988). The estimations
are evaluated by the observed soil moisture in 1988 and 1987, respectively. In the United
States, it was relatively wet in summer 1987 while it was very dry in summer 1988.
Nonetheless, about 50 % of the total variance is explained by this method in both years,
which is as accurate as or more accurate than previous studies. From these results, it is
possible to estimate surface soil moisture to some extent with the use of SSM/I and
NOAA/AVHRR data alone, when the regression equation is once established. Since the
method adopted in this study has fairly large generosity, it is possible to transfer this method
to other grasslands in the world where soil moisture data are available at least for one year.

JSG03/09P/D-005 Poster 1640-013
GLOBAL SCALE LAND HYDROLOGY MONITORING USING SATELLITE ALTIMETRY

Philippa Anne BERRY, Ralph Allen PINNOCK (Earth And Planetary Remote Sensing Lab, De
Montfort University)



The new generation of altimeter-bearing satellites, Envisat and Jason-1, bring enhanced
monitoring capability, with currently increased temporal sampling when combined with
existing missions, and increased spatial sampling from the three tracking modes on Envisat,
which allows data to be retrieved over widely varying topographic surfaces. Combined with
the multi-satellite historical record, this provides a unique time-series of water flow over the
earth’s land surface. This paper combines data from Envisat, Jason-1, ERS-1, ERS-2 and
Topex to investigate the historical record, demonstrate the current abilities of altimeters to
monitor the global land surface water flow, and illustrate the future potential of this technique.

JSG03/09P/D-006 Poster 1640-014

THE CLASSIFICATION OF VEGETATION OF WETLAND BASED ON REMOTE SENSING
DATA, OVER KUSHIRO MARSH HOKKAIDO JAPAN

Aosier BUHE!, K. TSUCHIYA?, M. KANEKO?, S.J. SUNG* ('Hokkaido Institute of Environmental
Sciences, *Hiroshima Earth Environmental Information Center, *Faculty of Environment Systems,
Rakuno Gakuen University, ‘Agriculture Department, Hokkaido University)

In this research, we proposed the method of the wetland vegetation classification using the
Landsat/Enhanced Thematic Mapper (ETM+) multi-band data. A land cover classification
map of wetland vegetation in Kushiro Marsh, Hokkaido, Japan was produced from the
calculated results of the Normalized Difference Vegetation Index (NDVI), Normalized
Difference Soil Index (NDSI) and Normalized Difference Water Index (NDWI), based on the
data from Landsat ETM+. The composition of NDVI, NDSI and NDWI value with different
proportion in each pixel, the area can be distinctively separated into forest, grassland and
water body which exactly match the results of the land cover types from the field research. A
comparison of DN value for both ETM+ and Advanced Space-borne Thermal Emission and
Reflection Radiometer (Terra/ASTER) in broad-leaved forest, grass (Phragmites australis),
soil (riverbank) and clean water shows that RED band reflection of wetland derived from
ASTER is significantly higher than Theoretically, others than water body, all the NDVI of
woody plants and wetland are larger than zero no matter which sensor is used. With the
comparison of the four sensors, Advanced Very High Resolution Radiometer
(NOAA/AVHRR), Moderate Resolution Imaging Spectrometer (Terra/MODIS), ETM+ and
Terra/ASTER, it is found that the NDVI of MODIS, ETM+ and ASTER have the similar trend
except AVHRR due to it relatively large pixel size in comparison to the study site. The
statistical analysis of the NDVI computed from the data acquired with the four multi-spectral
sensors show that the value computed from the AVHRR data has the largest mean with the
smallest standard deviation and the range while that computed from the ASTER data has the
smallest mean and the largest standard deviation and the range respectively. The result well
reflects the effect of spatial resolutions of the sensors with 1 km for AVHRR and 15 m for
ASTER. In one pixel of AVHRR there are nearly 4356 pixels of ASTER. Although the study
area is a wet land, there is no negative value in the NDVI computed from the AVHRR data
while there are negative values in those computed from other data with the largest absolute
value in that computed from the ASTER data.

JSG03/09P/D-007 Poster 1640-015

REMOTE SENSING OF CHLOROPHYLL A DISTRIBUTIONS AND WATER CONDITIONS
IN THE GULF OF TONKIN, SOUTH CHINA SEA

DanLing (Lingzis) TANG, Hiroshi KAWAMURA, Ming-An LEE (Tohoku University)

The Gulf of Tonkin is a semi-closed gulf northwest of the South China Sea, experiencing
reversal seasonal monsoon. Previous studies of water conditions have been conducted in
the western waters of the gulf, but very few studies of the Chlorophyll-a (Chl-a) distribution
have been carried out for the entire gulf. The present study investigates seasonal and spatial
distributions of Chl-a and water conditions in the Gulf of Tonkin by analyzing Sea-viewing
Wide Field-of-View Scanner (SeaWiFS) derived Chlorophyll-a (Chl-a), in situ measurements,
sea surface temperatures (SST), and other oceanographic data obtained in 1999 and 2000.
The results show seasonality of Chl-a and SST in the Gulf of Tonkin, and reveal
phytoplankton blooms in the center part of the gulf during the northeast monsoon season. In
summer, Chl-a concentrations were relatively low ( < 0.3 mg m-3) and distributed uniformly
throughout most of the area, with a belt of higher Chl-a concentrations along the coast,
particularly the coast of Qiongzhou Peninsula; in winter, Chl-a concentration increased (0.5
mg m-3) in the entire gulf, and phytoplankton blooms offshore-ward from the northeast coast
to the center of the gulf, while Chl-a concentrations reached high levels (0.8-1 mg m-3) in the
center of the blooms. One peak of Chl-a concentrations was observed during the northeast
monsoon season in the year. SST were high (27-29 oC) and distributed uniformly in
summer, but lower with a large gradient from northeast (17 oC) to southwest (25 oC) in
winter, while strong northeast winds (8-10 meters/second) were parallel to the east coast of
the gulf. Comparison of Chl-a values shows that SeaWiFS derived Chl-a concentrations
match well with in situ measurements most parts of the gulf in May 1999, but SeaWiFS
derived Chl-a are higher than in situ data in river mouth waters. The seasonal variation of
Chl-a concentrations and SST distribution were associated with the seasonally reversing
monsoon; the winter phytoplankton blooms were related to vertical mixing and upwelling
nutrients drawn by the northeast wind.

JSG03/09P/D-008 Poster 1640-016

INFLUENCE OF WATERS OF DIFFERENT OPTICAL DOMAINS ON THE
PHOTOSYNTHETICALLY ACTIVE RADIATIONS

Harilal Bhaskara MENON (Department of Marine Science and Biotechnology, University of Goa)

Results from both field measurements and Laboratory simulations are used to asses the
effects of turbidity on the optical properties of water column. For this two regions of differing
optical domains have been considered. The coastal and estuarine regions. The lambertian
reflectance ( remote sensing reflectance - Rrs ), optical properties such as absorption and
diffused attenuation coefficients of different water constituents at wavelengths 400 - 700 nm
are examined in relation to turbidity. In addition the specular reflectance at the sea surface
have also been examined in the wavelength range. The optical properties have been
generated spectrophotometrically while remote sensing reflectance has been derived
through measurement of Eu A (Upwelling irradiance) and (Downwelling irradiance ) Ed A. As
the remote sensing reflectance has been computed for every 1 nm, it differentiate the effect
of individual constituent, such as chlorophyll, sediment and yellow substances (Dissolved
organic matter DOM), on Rrs. From the data it's clear that DOM decreases reflectance in
the blue part of the spectrum (450 nm). Moreover the decrease of reflectance is a non-linear
function of wavelength A within the 400 - 580 nm range while in the range 580 - 700 nm, the
reflectance is linear. This is due to the overlapping of reflectance due to DOM, chlorophyll
and sediment in the shorter part of the wavelength. The computed values of Rrs agrees with
the measured values within rms error of £ 10 %, + 14 %, + 23 %, + 15 %, + 14 %, and £
10.2 % at wavelengths 412 nm, 443 nm, 490 nm, 510 nm, 555 nm, 670 nm and 683 nm
respectively.
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EFFECTS OF THE TROPOSPHERIC DUST ON THE SEA SURFACE TEMPERATURE
DERIVATION FROM SATELLITE OBSERVATION

Myoung-Hwan AHN, Ja-Min GU, Ju-Yong CHUNG, Jae-Chul NAM (Remote Sensing Research
Lab/METRI)

The effect of the tropospheric dust on the derived sea surface temperature (SST) from the
satellite observation is investigated. To analyze the effects, we use a set of simulated
radiance using the vertical profiles of temperature and humidity with and without the aerosol
presence as an input of a radiative transfer model. The simulation results show that the
presence of dust aerosol reduces the upwelling radiances at the top of atmosphere at the
infrared window channel, as much as 15 K of brightness temperature at high dust loading.
The presence of dust aerosol also reduces the dual channel difference in the split window
channels, which also introduces error in the derived SST, mainly toward cold bias. The
overall effect of dust aerosol on the derived SST is determined mainly by the single channel
deficit of radiance due to the dust loading. The simulation results are further validated by
using the actual observation of the GMS-5 data for two cases, for a very heavy and a
moderate dust loading. When the dust amount is very high, the cloud screening and quality
control procedures used for the operational derivation of SST could detect and remove the
dust-loaded data. However, when the dust loading is moderate or weak, the dust-affected
data pass through the two procedures and remains as the final products. The dust effect is
clearly shown by the comparison between the SST value derived from satellite data and
measured by buoy. Most of cases, the error due to the dust loading is only about 3 K in the
hourly SST value and is further reduced in the weekly averaged SST. However, this is only
true for when the dust does not occur for a long time period during the week and sufficiently
large number of clear sky SST values is available at a given position.

JSG03/09P/D-010 Poster 1640-018

REGIONAL ACE ANALYSIS OF SEA LEVEL, SEA SURFACE TEMPERATURE, AND
SEAWIFS OCEAN COLOR DATA IN THE NORTH SEA

Per KNUDSEN!, Klaus B. HILGER?, Allan A. NIELSEN?, Ole B. ANDERSEN', Thomas
KNUDSEN! (‘National Survey and Cadastre, Geodesy, Informatics and Mathematical Modelling)

Alternating Conditional Expectations Algorithm (ACE) is used to estimate canonical variates
(CV) that describes the highest correlation between altimetric sea level height, ocean surface
temperature and ocean colour data from SeaWIFS during 1999. ACE can handle arbitrary
mixtures of continuous and categorical variables. The method is data-driven and non-
parametric with minimal assumptions concerning the data distribution and the form of the
optimal transformations. In this investigation, the ACE analysis have been set up to create
the best fitting additive model to model the relationship between altimetric sea level height,
ocean surface temperature and ocean colour data from SeaWIFS during 1999. Time series
of SeaWiFS ocean colour, AVHRR sea surface temperature and TOPEX/POSEIDON and
ERS sea surface height have been used for the present investigation. The SeaWiFS data
are level 3 processed sets of CHLO, CPIG, K490, and L555. Tidal and meteorological
contributions to the altimetric sea surface height is modeled and removed by the Mike 21
hydrodynamic model. The residual heights used for the simulations are applied in a multiple
regression setting using the SeaWiFS and AVHRR measurements as predictors. When
predicting the sea surface height in the Skagerak region in the easternmost part of the North
Sea from the SeaWiFS and the SST data a reduction in the residual variance of 39% is
obtained by means of linear ACE based CV. If (noninvertible) nonlinear transformation of the
SSH residual is introduced the residual variance reduction amounts to 51%, demonstrating
that a non-linear relationship between changes in sea level height, sea surface temperature
and amount of biological substance can be established empirically.

JSG03/09P/D-011 Poster 1640-019

A MESOSCALE FEATURES OF THE SOUTH PACIFIC CURRENT OBSERVED FROM
SATELLITE ALTIMETRY AND IN SITU OBSERVATIONS

Alexander M. SIROTA', Sergey A. LEBEDEV? ('Department of Fisheries Oceanography, Atlantic
Research Institute of Fisheries and Oceanography, *Geophysical Center, Russian Academy of
Sciences)

In September 2002 oceanographic expedition had been sent by the Atlantic Research
Institute of Fisheries and Oceanography to the region of the Southeastern Pacific. The main
purpose of the expedition is investigation of oceanographic conditions in the region. These
investigations were supported with data of satellite observations. Processing of satellite data
and mapping were carried out in the AtlantNIRO. To improve the spatial coverage beyond
that available from in situ data from CTD survey, satellite SST and surface dynamic
topography data were being prepared and transmitted to the vessel. Data source for SST,
derived from AVHRR, was the NOAA Satellite Active Archive. Surface dynamic topography
derived from the TOPEX/POSEIDON Quick-Look GDR v.1 data. Preliminary results of
analysis of mesoscale variability of that region as well as comparison of in situ observation
with satellite data are presented. Efficiency of use altimetry products for support of
exploratory researches is estimated.

JSGO03/09P/D-012 Poster
OCEAN TIDE MODELING IN THE SOUTHERN OCEAN

1640-020

Yuchan YI', C.K. SHUM', Sangho BAEK', Yu WANG!', Ole ANDERSEN? ('Dept. of Civil/Env.
Engineering & Geod. Sci., Ohio State Univ., USA, *National Survey and Cadastre, Denmark)

Ocean tides play a significant role in the complex interactions between the atmosphere,
ocean, sea ice and floating glacial ice shelves. Tidal currents create turbulent mixing at the
bottom of the ice shelf contributing to the creation of rifts for the possible detachment of part
of the icebergs and can influence heat transport between the ice shelf and seawater. Tides
near and, in particular, under floating ice shelves and sea ice influence grounding line
locations. And, depending on surface and basal slopes, grounding line migrates with time
within a grounding zone. Improved knowledge of the grounding line is inherently necessary
to study ice mass balance and its contribution to the global sea level change. Even with the
availability of most recent suite of global tide models based primarily on TOPEX/POSEIDON
data, e.g.,, GOT00, NAO99, FES99 models, extreme southern ocean tides (below 60S) are
limited both in accuracy and resolutions, especially in regions near Antarctica, seasonally or
permanently sea-ice-covered oceans. In SAR tidal deformation analysis using ERS-1/-2
tandem missions over Ross Sea and in a test region over the Sulzberger Ice Shelf (77.5S,
210E), Ross Sea, will be presented. In our initial study with the objectives to improve tides in
Antarctica oceans for accurate prediction of grounding line locations to enhance ice mass
balance studies, we provide an assessment of accuracy of tide models in the region. In
addition to global models, finer resolution regional models in the Antarctica Ocean such as
the Padman model are available. Coarse resolution tidal models using available over-ocean
and over sea-ice/ ice-shelf data from T/P, JASON, ERS-1, ERS-2, GFO, and ENVISAT in
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the Southern Ocean below 50S will be presented. In particular, retracked altimeter data over
ice-shelf (IGDR) from GSFC's Ice Pathfinder Data Center, and altimeter data from GFO and
ENVISAT are used. Analysis of tidal aliasing will be discussed. Finally, initial results for a
fine-resolution test ocean tide model using combined radar altimeter and ERS tandem
mission InSAR data over the Sulzberger Ice Shelf will be described.

JSG03/09P/D-013 Poster 1640-021

CROSS-CALIBRATION OF ENVISAT RANGE USING MULTI-SATELLITE ALTIMETRY
AND TIDE GAUGE DATA

Luciana FENOGLIO-MARC (Darmstadt University of Technology, Institute of Physical Geodesy)

Envisat altimeter data are compared during the calibration phase against data from other
satellites (ERS-2, T/P, Jason-1) using crossover and collinear track techniques in order to
identify systematic, time variant and geographically correlated differences between the data
from the various satellites and to cross-calibrate the Envisat range. The Mediterranean Sea
is selected for the regional analysis, where tide gauge data from selected stations are used
to cross-calibrate the various altimeters over the same short calibration period. The long-
term monitoring of the Envisat altimeter range stability using the identified stations is
discussed based on the preliminary three months results and on the long-term monitoring of
the Topex/Poseidon mission. The differences between the sea level heights observed by the
altimeter and by the tide gauge are analysed over the ten years at a few locations taking into
account effects due to instruments, corrections, coast and circulation.

JSG03/09P/D-014 Poster 1640-022
OCEANIC FRONTS AND EDDIES ON THE SYNTHETIC APERTURE RADAR IMAGES

Andrei Yu. IVANOV (Department of ocean remote sensing, P.P.Shirshov Institute of Oceanology,
Russian Academy of Sciences)

Oceanic fronts are boundaries between water masses with different physical-chemical
properties, while eddies are vortical dynamic ocean structures including fronts at their
peripheries. Typical oceanic fronts andeddies includes large-, meso-, and small-scale ones
of different origin.Synthetic aperture radar (SAR) signatures of oceanic fronts, as well as
eddies,are mainly action result of 3 mechanisms affecting the sea surface roughness. The
most important are: (1) surface wave-current interaction modulating spectrum of surface
waves, (2) damping short wave due to oil film accumulationsin convergent zones, and (3)
difference in atmospheric boundary layer stability due to air-sea temperature differences
across front. Eddies are usually visible in the SAR imagery as a result of wave/current
interaction or indirectly due to the presence of natural films trapped within spiraling lines,
associated with spiral motion; they outline the shape of eddy. However the role of these
mechanisms is still poor known and there're no general models describing observed SAR
signatures. The paper gives a review of frontal and vortical ocean dynamic fetures on the
basis of analysis of the SAR images collected by Almaz-1, ERS-1/2 and Radar sat satellites
over the ocean. As recently shown by Ivanov & Ginzburg (2002) ocean frontal/vortical
features can be easily classified (by type of surface manifestations and generation
mechanisms) on the basis of SAR imagery analysis. Having classified, the expected
behavior of phenomenon can be predicted. Author’s classification of oceanic fronts, detected
in the SAR imagery, includes large-scale fronts of climatic origin, mesoscale fronts reflecting
synoptic processes, and small-scalefronts of local origin. Current fronts and coastal fronts of
different scales usually represent them in the ocean. Author’s classification of oceanic
eddies includes the ocean rings (generated by meandering currents), associated vortices,
open ocean eddies, eddies due to coastal line or bottom topography heterogeneity (so-called
wakes and von Karman vortex streets), mushroom-like eddies (dipoles) etc. The analyzed
SAR images also represent combination of the above mentioned types forming both frontal
meanders and wakes or chains of eddies. Examples of SAR images showing the fronts/eddy
of different types are presented and discussed.lt is concluded that the spaceborne SAR
gives valuable information on ocean dynamical features, such as fronts and eddies, allowing
to extract temporal andspatial characteristics. Moreover, an accurate analysis allows to
retrieve both kinematic parameters and responsible generation mechanism. However,
furtherprogress in their studying will be associated with regular access to multi-sensor
satellite imagery combined with contact measurements.

JSG03/09P/D-015 Poster 1640-023

INVESTIGATIONS OF SPACE-TIME VARIABILITY OF THE SEA LEVEL IN THE
BARENTS SEA AND THE WHITE SEA BY SATELLITE ALTIMETRY DATA AND
RESULTS OF HYDRODYNAMIC MODELLING

Sergey A. LEBEDEV', Oleg I. ZILBERSTEIN?, Sergey K. POPOV?, Olga V. TIKHONOVA?
('Geophysical Center, Russian Academy of Sciences, *Hydrometeorological Center Research, Russian
Federation)

The problem of retrieving of the sea level anomalies in the Barents and White Seas from
satellite can be considered as two different problems. The first one is to calculate the
anomalies of sea level along the trek taking into account all amendments including tidal
heights. The second one is to obtain of fields of the sea level anomalies on the grid over one
cycle of the exact repeat altimetry mission. Experience results show that there is preferable
to use the regional tidal model for calculating tidal heights. To construct of the anomalies
fields of the sea level during the exact repeat mission (cycle 35 days for ERS-1 and ERS-2),
when a density of the coverage of the area of water of the Barents and White Seas by
satellite measurements achieves maximum. It is necessary to solve the problem of the error
minimum. This error is based by the temporal difference of the measurements over one
cycle and by the specific of the hydrodynamic regime of the both seas (tidal, storm surge
variations, tidal currents). To solve this problem it is assumed to use the results of the
hydrodynamic modeling. The error minimum is preformed by the regression of the model
results and satellite measurements. As a version it is considered the possibility of the
utilizing of the neuronet obtained by the model results to construct maps of the sea level
anomalies. The comparison of the model results and the calculation of the satellite altimetry
variability of the sea level of Barents and White Seas shows a good coincidence between
them. The satellite altimetry data of ERS-1/2 and TOPEX/POSEIDON of Ocean Altimeter
Pathfinder Project (NASA/GSFC) has been used in this study. Results of the regional tidal
model computations and three dimensional baroclinic model created in the
Hydrometeocenter have been used as well. This study also exploited the atmosphere date of
the Project REANALYSIS. The research was undertaken with partial support from the
Russian Basic Research Foundation (Project No. 01-07-90106).

JSG03/09P/D-016 Poster 1640-024
CURRENT SHEAR MEASUREMENT BY USING SYNTHETIC APERTURE RADAR

Akitsugu NADAI (Advanced Research and Standards Division, Communications Research
Laboratory)
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The synthetic aperture radar (SAR) is one of the powerful tools to measure ocean features. It
can detect oceanic fronts, eddies, waves, and so on. Many spaceborne SAR systems and
airborne SAR systems have observed the ocean and their data have been analyzed. The
spatial resolution of these systems is not enough to measure the spatial change of ocean
wave spectra in about 10km separation.The Communications Research Laboratory and the
National Space Development Agency of Japan has developed and operated an airborne
high-resolution SAR systems called Pi-SAR. The Pi-SAR is a dual-frequency polarimetric
radar operating L-band and X-band frequency. The X-band radar, moreover, has
interferometry function to measure terrain elevation with accuracy of 2m. The resolution of L-
band and X-band radar is 3m and 1.5m, respectively. Based on this hi-resolution, the Pi-SAR
can measure the ocean wave spectra from its data of about 10 square kilometers. This
paper presents the spatial change of ocean wave spectra observed by the Pi-SAR and the
technique for current shear measurement based on wave-current interaction. The Pi-SAR
observed southern ocean off Kii peninsula, Japan. The observation path extended about
200km length from Kii peninsula toward south. The Kuroshio ran just south of the Kii
peninsula at the observation time, so the path crossed the Kuroshio current. On the intensity
images, there were ocean waves with wavelength of about 80m propagating to/from
northwest-southeast direction. Because the low-pressure system existed southeast of the
observation area, the swell was estimated to propagate from southeast to northwest. The
peaks of swell on ocean wave spectra rotate clockwise with approaching to the Kii peninsula
(south to north). This rotation agrees with the effect of Kuroshio based on the wave-current
interaction. The clockwise rotation component of Kuroshio changed the swell
component.The wave-current interaction model suggests that the swell component parallel
to current affected by current shear though that perpendicular to current is conserved. Also
the magnitude of spectrum change is proportional to the magnitude of current shear. Based
on the wave-current interaction model, the current shear by the Kuroshio was estimated. The
result presents that the Kuroshio shear is almost east-west direction and that the Kuroshio
becomes faster with approaching to Kii peninsula. These results agree with the real situation
at the observation. The result shows the ability of current shear measurement by using the
high-resolution SAR system. In these days, there are many plans of the spaceborne high-
resolution SAR system. The current shear measurement by using SAR systems will give us
more important information about global current system.

JSG03/09P/D-017 Poster 1640-025

DOES OCEAN SURFACE RADAR WORK IN THE SURF BREAK ZONE?

Malcolm Lewis HERON, Thomas C. STIEGLITZ, Arnstein PRYTZ (MARINE GEOPHYSICAL
LABORATORY)

Ocean surface radars are being used routinely to map surface currents over tens of
kilometres at resolutions typically around 3 km. At higher radar frequencies, in the VHF
band, the Bragg wavelength for backscatter is reduced so that at 152 MHz the dominant
scatter is from a wave with wavelength 1 m compared to 5 m at 30 MHz. This is about the
lower limit of the gravity wave spectrum for wind waves on the sea. At this frequency the
Bragg lines still dominate the spectrum but the side-band structure in the spectrum indicates
deeper modulation (in the radio communications sense) by the longer waves in the wind
wave and swell spectra. The spectral feature which enables surface current mapping is the
Doppler shift of the Bragg lines. It is shown that the position of the peak can be identified in
VHF backscatter spectra, even in the breaker zone.The COSRAD VHF ocean surface radar
has been developed at James Cook University in North Queensland and has been deployed
on many occasions to map features in the surface current on a resolution (grid) scale of 100
m and over a spatial range of up to 1.3km. This is useful for evaluating the effects of coastal
engineering projects, and identifying rip currents and small scale eddies around obstacles
like headlands. A deployment at Coffs Harbour on the North Coast of New South Wales in
Australia was carried out in 2000 to assist in the design and location of a new sewerage
outfall. An upward-looking acoustic Doppler current profiler was deployed within the area
that was mapped by the radar for comparison. The depth at the study site was about 14 m
and at times the surface was white with breaking waves. A self-consistency analysis of the
ADCP data indicate that the current profiles are of acceptable quality from the bottom of the
water column up to about 7-8 m. After that the current values become increasingly
scattered. The VHF radar values compare favourably with the ADCP current values 7.8 m
above the floor.During the deployment, the wind varied over a wide range and included a
southerly storm which drove the whole near-coast body of water towards the north. During
the storm the whole bay was white. Data indicate that the deep ADCP current
measurements and the surface VHF radar measurements retained their integrity. Our
conclusion is that the VHF COSRAD radar can successfully map surface currents even in
the presence of breakers and white water. It has clear potential to monitor rip currents and
coastal vortices under these conditions when conventional techniques become strained.

JSG03/09P/D-018 Poster 1640-026

MEASUREMENT OF OCEANIC VARIABLES FROM DUO-FREQUENCY ALONG-TRACK
INTERFEROMETRIC SAR DATA

Duk-jin KIM, Wooil M. MOON (Seoul National University)

Microwave remote sensing of the ocean surface using Synthetic Aperture Radar (SAR) is
effective and of great interest because of the high spatial resolution and the almost
instantaneous observation potential of large ocean areas.But it is difficult to retrieve
significant ocean wave heights and surface current from conventional SAR data, because
the imaging mechanism of ocean waves by a conventional SAR is determined by the three
basic modulation processes arise through the tilt modulation, hydrodynamic modulation and
velocity bunching, which are poorly known functions.Recently, airborne Along-Track
Interferometric (ATI) SAR has been widely investigated, which has the potential of
measuring ocean surface currents and wave heights. The ATlI SAR employs two antennas
that are separated physically along the platform flight path (along track) direction. The phase
difference between two ATI SAR antennas is a measure of the Doppler shift of the
backscattered signal and thus of the line-of-sight velocity of the scatterers. This
interferometric velocity is sum of the orbital motion due to ocean surface waves, phase
velocity of the Bragg wave, and ocean surface current.In this paper, we developed a new
method for extracting ocean surface currents utilizing duo-frequency ATI SAR
measurements. The method is applied to C- and L-band ATI SAR measurements acquired at
the Ulsan coast from Korea. In addition, the surface gravity wave information (e. g. wave
direction, wave velocity, wave height) is estimated using the ATl SAR velocity
measurements.

JSG03/09P/D-019 Poster 1640-027

OCEAN WAVE SPECTRUM MEASUREMENT BY USING AN AIRBORNE
INTERFEROMETRIC SAR

Chieko KAMESHIMA', Noboru SUDQ?, Haruhisa SHIMODA?, Yoshiaki MATSUMAE?, Toshibumi
SAKATA?, Akitsugu NADAP, Seiho URATSUKA® (‘Electro Photo Optics, The Graduate School of
Engineering, Tokai University, *Tokai University, *‘Communications Research Laboratory)



The ocean waves take an important role on the global climate. For example, it affects the
gas transfer and momentum exchange between atmosphere and ocean. So, the global
measurement of ocean waves is needed to monitoring the global climate. Because the
global monitoring of ocean waves by direct measurement is difficult, the remote sensing
technique is important. By using the synthetic aperture radar (SAR), the ocean waves can be
measure under any meteorological condition. The wave spectrum measurement by using
SAR is usually based on the intensity spectra of backscattered radar wave. The
interferometric SAR, on the other hand, is able to measure the topography of ocean surface
directly and the influence of the geometry of observation is decreased. The Pi-SAR is the
high resolution airborne Synthetic Aperture Radar developed by the Communications
Research Laboratory and National Space Developing Agency of Japan. The Pi-SAR is a
dual frequency radar operating at L-band (frequency: 1.27GHz) and X-band (frequency:
9.55GHz) frequencies with polarimetric functions and can observe high resolution (X-band:
1.5m, L-band: 3m) to a target. Moreover, the X-band system has a cross-track
interferometric function that can measure a terrain elevation with accuracy of 2m. The cross-
track interferometry technique used in this experiment measures the surface elevation by
phase difference of between received signals by two antennas installed at right angles to the
flight direction. Two SAR observation were done at the northwest sea off Okinawa (9
November 2001) and southern sea off Hokkaido (13 June 2002). In each observation, the Pi-
SAR observed same ocean area from different directions. From the collected data, the
intensity image and topography map is produced. The wave spectrum is able to be analyzed
by the 2-dimensional spectrum of ocean surface elevation as same as by the 2-dimensional
spectrum of intensity image. In the spectrum analysis result of the Okinawa observation
experiment, a strong peak on the intensity depended not only to the dominant wave
component but to the flight direction, and interferometry spectra had a peak only to the
dominant wave component regardless of the flight direction. This result shows that the
strength of ocean wave component on the surface elevation spectrum is independent to the
geometry of observation, though that on the intensity spectrum depends on the geometry. It
is because the intensity image contains tilt-modulation effect and hydrodynamic-modulation
effect, and the interferometry image indicates change of surface elevation. Therefore, it was
shown that the measurement of ocean wave by interferometric SAR is effective. When the
interferometry image compared with the intensity image, however, interferometry images are
not clear than the intensity images. Also the topographic spectra are not clear than intensity
spectra. Since the interferometric function of Pi-SAR was developed in order to observe
terrain elevation, the sensitivity of radar and the accuracy of topographic measurement are
nearly critical for ocean wave measurement. As solution, in order to measure the phase
difference and spectrum clearly development of interferometric function which improved
topographic accuracy is required.

JSG03/09P/D-020 Poster 1640-028

SEISMIC AND SATELLITE IMAGE ANALYSIS IN THE VICINITY OF LAKE PUMA
YUMCO LOCATED IN SOUTHERN TIBETAN PLATEAU, SW CHINA

Atsushi IWASHITA', Tomohiro KAMOSHITA?, Yoshifumi MISAWA’, Liping ZHU* ('Department
of Space and Earth Information Technology, Kyushu Tokai University, *0Ocean Engineering Co., Ltd.,
JAPAN, *School of Marine Science and Technology, TOKAI University, JAPAN, “Institute of
Geographical Sciences and Natural Resources, Chinese Academy of Sciences, CHINA)

In April 2001, TOKAI University and Chinese Academy of Sciences carried out scientific
exploration at Lake Puma Yumco located in the southern Tibetan plateau in southwestern
CHINA. We had acquired the data of geologic and topographic field exploration, remote
sensing image analysis by using Landsat ETM+ and ASTER VNIR, and topographic and
seismic exploration in lake bottom and sub bottom area by using Bubble Pulser and Echo
Sounder in the vicinity of the Lake. Purposes of this study are to confirm, 1) existence of
structural relation among lake bottom and neighbor land area, 2) relation among topography
and lineaments and its lengths by using distribution of extracted lineaments, 3) relation
between the number and the length of lineaments.Seismic sections were interpreted and
classified the bottom materials into three acoustic layers. Layer A is the top layer with
thickness of approx.10 m, layer B is the second layer with thickness of around 30 m, and the
layer C is the third layer as basic rock. The top depth of layer C is approx. 70 m in the center
of the channel. We had found the several structural anomalous zones in the seismic sections
along northeastern offshore. They are running through north to south along the shoreline.
Faults are also found clearly in the survey lines A and 29 corresponding to above structural
zones. We have found that the lake bottom acoustic anomalous zones are suggested to
continue to land structures. As for remote sensing image interpretation, we had extracted the
structural anomalies and lineaments from different types of images. Landsat ETM+ with 30 m
ground resolution that can be interpret wide area. ASTER VNIR can be seen detailed
surface interpretation with 15 m resolution. ETM+ images indicate clear structural features
around the Lake. These are essential information for geologic interpretation of Earth's
surface and subsurface. We had extracted lineaments from both ETM+ and VNIR images
and analyzed the characters of those lineaments reflecting distribution of the fractures. We
can recognized several structural patterns running almost WNW to ESE. The “m ?Evalues in
each area are calculated, and may reflect some geological and structural characters of the
earth's surface.

JSG03/09P/D-021 Poster 1640-029

LARGE-SCALE DISPLACEMENT CORRESPONDING TO THE 1999 CHICHI
EARTHQUAKE, INSIGHTS FROM SPACE GEODETIC OBSERVATIONS

Chung-Pai CHANG', Chi-Tien WANG', Tsui-Yu CHANG?, Kun-Shan CHEN', Long-Shin LIANG',
Yuan-Hsi LEE? (‘Center for Space and Remote Sensing Research, “Institute of Geophysics, ‘Central
Geological Survey, MOEA)

The Chichi earthquake (Mw 7.6), struck central Taiwan on 20th September 1999 (UTC), has
caused heavy casualties and widespread damage in Taiwan. During this earthquake, an
approximately 80 km long upthrust unit underwent displacement of several meters upward
and westward along the range-bounding Chelungpu thrust fault. By means of the SAR
interferometric method, ERS2 radar image pairs adopted from the periods before and after
the 1999 Chichi earthquake have been used to determine the co-seismic surface
displacement of the flat region. In the near field, our interferometric results reveal a relative
shortening in the round trip distance between the radar antenna and the ground of the
footwall side of Chelungpu fault, during the earthquake. This shortening progressively
increases from the west coast to the east and reaches the maximum amount of about 26 cm
near the central segment of the Chelungpu fault. Further to the south of the Chelungpu fault,
the co-seismic deformation is much slight, whereas a right-lateral movement in EW-trending
has been observed to dominate the coseismic deformation of this area during the Chi-Chi
earthquake. Furthermore, we projected the GPS coseismic measures to the radar slant
range direction and implemented a forward simulation from the ground truth displacement to
SAR interferogram, so as to evaluate our phase unwrapping performance. This analysis has
confirmed our interferometric result and clarified its relationship with the ground truth
displacement.
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JSG03/09P/D-022 Poster 1640-030

JERS-1 SAR AND ASTER VNIR INTERPRETATION IN THE VICINITY OF HUA-TUNG
LONGITUDINAL VALLEY, EAST COAST TAIWAN

Atsushi IWASHITA', Hisatoshi BABA?, Susumu IIZUKA’, Yu-Feng LIN*, Yi-Sheng YANG?, Hwa-
Chu SHEU*, Toshikazu MOROHOSHI’, Masanao HARA® ('Department of Space and Earth
Information Technology, Kyushu Tokai University, *Research Institute of Science and Tecnology,
TOKALI University, JAPAN, “Faculty of Marine Science and Technology, TOKAI University,
JAPAN, “DAHAN Institute of Technology, TAIWAN, *National Research Institute for Earth Science
and Disaster Prevention, JAPAN, “Vision Tech Inc., JAPAN)

Southwestern Ryukyu Arc and Eastern Taiwan region are characterized by subduction or
collision of the Philippine Sea plate and Eurasian plate. The Hua-Tung Longitudinal Valley
(HTLV) is huge valley running from the cities of Hua-Lien to Tai-Tung about the length of 130
km. This valley is located between Central Mountain Range and Coastal Mountain Range.
Since 1990, DAHAN Institute of technology of Taiwan started to measure GPS and EDM
(Electro Optical Distance Meter) data to monitor the crustal deformation in the northern part
of HTLV. In 2001, Kyushu TOKAI University, Research Institute for Earth Science and
Disaster Prevention (NIED) and Vision Tech Inc. had generated the first interferometric
fringe pattern in the northern part of HTLV by using JERS-1 SAR dual data acquired 45 days
apart in between Central and Coastal Mountain Ranges. Satellite image analysis had
carried out by using ASTER VNIR and field excursion data were also acquired conducted by
Kyushu TOKALI University. Some specific active faults existing in this area have been studied
in the past several decades by international researchers. Image interpretation is one of the
most adequate methods to acquire wide distributed geologic information to understand the
target area. We have processed and interpreted Terra ASTER VNIR data to clarify the
existence of active faults in the northern part of HTLV in East Coast Taiwan and detected
several geologic information as well as lineaments. We have confirmed clearly some of
these active faults existing in Coastal Range. We were able to confirm boundaries of specific
geology, but some of boundaries were not confirmed. As for distribution of lineaments, we
have manually extracted lineaments in the entire area of HTLV and found many lineaments
existing especially in some part of Coastal Range. As the results, we had confirmed the
typical features in HTLV showing colored fringe patterns that means the possibility of the
movement. We have also confirmed specific active faults along HTLV. For the future study,
we continue to measure Long Term period GPS data corresponding to the fringe pattern.

JSG03/09P/D-023 Poster 1640-031

REFINEMENT OF JERS-1'S STATE VECTORS AND CORRECTION OF SAR
INTERFEROGRAM FOR THE ATMOSPHERIC DELAY EFFECT USING THE
METEOROLOGICAL SIMULATION

Shigeki KOBAYASHI', Akira OTSUKA? ('Department of Space and Earth Information Technology,
Kyushu Tokai University, *National Agricultural Research Center)

JERS-1 L-band SAR interferograms are easily obtained over the wide range of height
despite vegetation or slope. In general, however, remarkable phase patterns due to the
atmospheric excess path delay remains near the summit of mountains on differential
interferograms, even if errors in the satellite's state vector are precisely corrected. Therefore,
it is inevitable to identify and correct for the atmospheric effects to detect surface
deformations around high active volcanoes. Atmospheric effect contains two components.
Pattern 1) Residual topographic phase pattern correlated with height in the first order, which
is due to the difference in the static structure of water vapor at two SAR observation times:
This pattern can be verified by calculating the relationships between height and the
atmospheric delay using data from a radiozonde launched within the SAR scene extent.
However, even if this effect is corrected in the first order, there remain complicate and
irregular phase patterns in some cases [e.g. lwate volcano in April, 1998 - July, 1998].
Pattern 2) Complicate phase pattern (e.g. mountain wave, foehn phenomenon) which not
correlated with topography: For example, strong atmospheric noises, which appeared as
phase undulation with about 15 km in wavelength, were observed by using data acquired
just passing or approaching of developing cold front [e.g. Izu Peninsula on June 15, 1998;
Mt. Fuji on August 20, 1993]. Such wavelike patterns of phase noises may be caused by
mountain wave flowing high mountain. We developed a meteorological method to quantify
the water vapor effect by 3-dimensional numerical simulation of atmospheric dynamics. Our
model has 82x82 grids of 1.5 km square in the x-y plane and 32 layers in the z direction. The
model also includes the topography of the same x-y resolution. The initial atmospheric
condition was given using the radiozonde data of the nearest weather station. The result
shows that a mountain wave, a standing wind, appeared on the lee of the mountain. Also it
revealed that the downward (upward) winds in the mountain wave corresponded well to the
relatively dry (wet) area of the differential phase pattern. Upward wind increase wet delay,
downward decreases. Therefore, the atmospheric correction with the meteorological method
is essentially required to prove the subtle crustal movements in particular near the summit of
high volcano in the SAR interferometry.

JSG03/09P/D-024 Poster 1640-032

AIRBORNE LASER SCANNING - FOR MAPPING OF SLOPE FAILURE POTENTIAL
SPOTS

Hiroshi P. SATO', Tatsuo SEKIGUCHI* (‘Geography and Crustal Dynamics Research Center,
Geographical Survey Institute, *Geographic Department, Geographical Survey Institute)

In order to take effective measures against landslide, it is important to know spatial
distribution of stable and unstable slopes in detail. Purpose of this study is to map unstable
spots at the foot of landslides by using Digital Elevation Model (DEM). Here, unstable slope
means high-potential slope failure spot. Study area is Kuchisakamoto area in Shizuoka City.
The area, where landslide moved at maximum rate of 400 mm per day in July 1993, is one of
the many landslide areas in Japan. In April 5 and 6, 2003 this area was measured by
airborne laser scanner (ALS). ALS is the new technology by which DEM was obtained. An
ALS is an active sensor that measures the distance from the sensor to the ground on which
the laser beam is reflected. In this study Optech ALTM1225 was used as an ALS.
Considering a safety factor, actual measurement specifications were as follows; pulse rate
25,000 Hz; flying altitude: nominally 600 m above the ground; flight speed 180 km/h. DEM
measurement accuracy was checked at several checking areas. Discrepancy between the
twice measurement was 0.05 m in X, —0.04 min Y and 0.06 m in Z directions on average.
Unstable spots mapping method is as follows. First, contour map was depicted using the
DEM. Then, the past slope failure spots, which are as training data, were manually
delineated on the contour map. In the delineation aerial photos were interpreted. Next, the
past slope failure spots were identified on the grids on the DEM. By using DEM slope 6 and
drainage area A were calculated on each grid of past slope failure. And liner regression was
obtained, log, (tan) = —a log, A + log, F where, a and F are constant. Correlation
coefficient was about 0.3. Slope 6 and drainage area A were calculated on each DEM grid
of the past non-failure spots. These values were substituted for the above formula when F in
the formula was treated as parameter, and F was calculated. Finally, when calculated value
was more than the constant value F, the grid was mapped as unstable spots. Correct ratio
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was about 55 %, which was calculated by mapped grid counts divided by whole grid counts
on the training data. The mapping result shows conformity with on-site condition. In this
paper, method and result will be explained and discussed in detail.

JSG03/09P/D-025 Poster 1640-033

FIRST DIGISONDE 256 MEASUREMENTS AND TEC AT TUCUMAN AND COMPARISON
WITH IRI PREDICTIONS

Victor Hugo RIOS, Cesar Francisco MEDINA, Blas DE HARO, Francisco SORIA, Enzo GOMEZ,
Pascual PADILLA, Antonio Perez GOMEZ, Isabel LOMAS (Department of Physics, University of
Tucuman)

The Digisonde first results from Tucuman (26.9 S, 65.4 W) and TEC obtained by Global
Positioning System (GPS) are used to compare the observations with IRIpredictions. The
data were registered during November-December 2002 day to day.The comparison is made
for the F region parameters NmF2, hmF2 and TEC and for true height profiles as well. The
analysis, based on quietest days during the data period, shows that while IRI provides
realistic profiles during daytime hours, it seems to underestimate the bottomside electron
density during the early morning and late afternoon hours. The F-layer peak density obtained
are underestimated for most of the nighttime hours during summer months.
Comparativestudy of TEC indicates that the IRI underestimate significantly measured TEC
during daytime on this period. This discrepancy between the IRI and observationshas been
reported at other low latitude stations even for low solar activity. When we look to
ionospheric slab thickness, discrepancy between the IRl and observations due to the
discrepancy in the topside profile is minus serius thanin TEC.

JSG03/09P/D-026 Poster 1640-034

PLASMA DENSITY ENHANCEMENTS ASSOCIATED WITH EQUATORIAL SPREAD F
(ESF)

Guan LE', C.-S. HUANG?, R.F. PFAFF', S.-Y. SU%, H.-C. YEH, R. A. HEELIS*, F.J. RICH®, M.
HAIRSTON* ('NASA/GSFC, Greenbelt, MD, USA, *MIT Haystack Observatory, Westford, MA,
USA, “Institute of Space Science, National Central University, Chung-Li, Taiwan, ‘William B. Hanson
Center for Space Sciences, The University of Texas at Dallas, Richardson, TX, USA, *Space Vehicles
Directorate, Air Force Research Laboratory , Hanscon Air Force Base, MA, USA)

Large-scale plasma density depletions are typically associated with equatorialspread F
(ESF) plasma irregularities in the nightside F region, especially in the post-sunset sector.
Data from the lonospheric Plasma and Electrodynamics Instrument (IPEI) onboard the
ROCSAT-1 spacecraft reveal numerous cases of localized, discrete plasma density
enhancements associated with regions of regular ESF plasma density depletion structures at
600 km altitude. Within these discrete regions, the plasma density may be enhanced by ~ 2-
3 times above the background density. The density enhancement regions have sharp,
distinct edges and appear to have similar scale sizes as plasma density depletions. They
generally occur at edges of the regular plasma depletion region, poleward in latitudes and
either earlier or later in local times. In all of the cases we examined so far, they occur in local
times at least three-hours after the sunset. The ion velocity data within the density
enhancement regions show upward plasma drifts perpendicular to the magnetic field, similar
to those within adjacent plasma depletion regions. The magnetic field-aligned plasma flows
are generally poleward within the density enhancement regions. In some cases with nearly
simultaneous DMSP observations at 800 km available, similar density enhancements are
also seen in the same local time sector. We present observational characteristics of the
density enhancements and discuss possible mechanisms in this paper.

JSGO03 Wednesday, July 9 - Thursday, July 10

INTERDISCIPLINARY SCIENCE FROM REMOTE SENSING -
RADAR ALTIMETRY, ATSR, SAR, OCEAN COLOR AND OTHER
SENSORS (IAG, IAHS, IAPSO, IASPEI, ISPRS)

Location: Site A, Room 12

Thursday, July 10 AM
Presiding Chair: P. Kundsen

JSGO03/10A/A12-001 0830

APPLICATION OF THE SATELLITE ALTIMETRY AND RADIOMETRY FOR ANALYSIS
OF ANTHROPOGENIC POLLUTANTS OF A MARINE ENVIRONMENT

Sergey A. LEBEDEV (Geophysical Center, Russian Academy of Sciences)

Ecological monitoring of a marine environment of last years has shown that alongside with
processes of a destruction and deposition of pollutants not last role is played by dynamics of
a marine surface, as the basic mass transfer. The models, existing on the present time, of
calculation of currents usually use oceanographic and meteorological data obtained by the
contact measurement methods. The apparent successes in development of ocean remote
sensing methods open a path to creation of operating systems of ecological monitoring of a
marine environment. The sea surface or dynamic topography calculated by satellite altimetry
data, allows to analyze dynamics of the surface currents, which are not having brightly
expressed thermal nature, as for instance, strong jet streams. In turn sea surface
temperature, obtained by the satellite radiometry data, was used for more precise count of
destruction processes of pollutants. Time-space scale of the satellite data from a ocean
surface allow actively to use them in different models, that enables with a split-hair accuracy
to make the physically reasonable forecast. Surface temperature and dynamic topography
data sharing realized in the automated system “Regional Ecological Monitoring of a Marine
Environment — Black Sea”, which basis by model of pollutant propagation. The research
was undertaken with partial support from the Russian Basic Research Foundation

JSG03/10A/A12-002 0850

SYNERGISTIC USE OF NEAR-REAL TIME RADAR ALTIMETRY AND ATSR-2 DATA
FOR OCEAN CIRCULATION STUDIES AROUND CAPE VERDE

C. LAZARO, M.J. FERNANDES (Faculdade de Ciéncias, Universidade do Porto)

The Cape Verde Archipelago lies under the influence of the south-eastern North Atlantic
subtropical gyre. Cold and nutrient-rich waters upwelled at the Northwest African coast, one
of the major coastal upwelling areas in the world, are transported south-westward by the
Canary and the North Equatorial currents. Due to its seasonal migration, the eastward North
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Equatorial Counter-Current can affect the region around the archipelago and, being
responsible for a northward transport of warm water along the African coast, suppress the
coastal upwelling. Seasonal changes also occur with respect to extension and position of the
Guinea Dome, a cyclonic circulation feature south of the archipelago. The subject of this
work is the synergistic use of satellite remote sensing data for the characterisation of the
seasonal cycle and variability of the flow field and oceanographic phenomena in the Cape
Verde region. Synoptic maps of absolute dynamic topography (ADT) and sea surface
temperature (SST) from near real time ERS-2 data were created in order to study the
seasonal cycle associated with the flow field and the coastal upwelling for the period from
June 2001 to May 2002. Based upon the ADT maps, intensity and direction of surface
geostrophic currents were calculated. The methodologies adopted for the automation of the
near real time data processing are described and particular emphasis is given to the
evaluation of near real time altimetric data, by comparison with the information available with
a delay of several months (OPR products). The purpose of this analysis, covering the period
from January 2001 to December 2002, is to investigate the confidence level of the
oceanographic information extracted from near real time data.

JSG03/10A/A12-003 0910

OCEAN CIRCULATION AND TRANSPORT BETWEEN THE NORTH ATLANTIC AND THE
ARCTIC SEA, (OCTAS)

Hans-Peter PLAG', Helge DRANGE', Arne GIDSKEHAUG?, Johnny A. JOHANNESSEN®, Hossein
NAHAVANDCHF, Ove Christian Dahl OMANG?, Dag SOLHEIM? ('Geodetic Division, Statens
kartverk, Kartverksveien 21, N-3511 Honefoss, Norway andMathematical Institute,University of
Oslo,Postboks 1053 Blindern, 0316 Oslo, Norway, *Geodetic Division, Statens kartverk,
Kartverksveien 21, N-3511 Honefoss, Norway, *Department of Mapping Sciences, The Agricultural
University of Norway, Postbox 5034, N-1432 AAs, Norway, ‘Nansen Environmental and Remote
Sensing Center (NERSC), Edvard Griegsvei 3a, N-5059 Bergen, Norway, ‘Department of Geomatics,
Hogskoleringen 7G, N-7491 Trondheim, Norway, “University of Bergen, Institute of Solid Earth
Physics, Allegt. 41, N-5007 Bergen,Norway)

The Norwegian OCTAS Project running from 2003 to 2006 focuses on the ocean circulation
in the Fram Strait and adjacent sea with the main objective to improve sea surface
topography determination and to study the impact on ocean modelling. Up to the expected
launch of GOCE in 2005 the gravimetric geoid is not known with sufficient accuracy to allow
full use of the massive sea surface height information, which several satellite altimetry
missions have regularly provided since the early 90-ies, in global analysis of the ocean
circulation. However, in a few marine regions in the world sufficient in-situ information about
the Earths gravity field exists to compute a more accurate geoid. The region covering the
Northern North Atlantic and the Nordic seas between Greenland, Iceland, Norway and the
UK, including the Fram Strait is one of those regions. One goal of the OCTAS Project is
therefore to determine an accurate geoid in the Fram Strait and the adjacent seas. Together
with the results from the on-going EU-funded project GOCINA, where in a similar approach
an accurate geoid is determined for the region between Greenland and the UK, this will
create a platform for validation of future GOCE Level 2 data and higher order scientific
products. The new and accurate geoid is used together with an accurate Mean Sea Surface
(MSS) to determine the Mean Dynamic Topography (MDT). Another major goal of OCTAS is
to use this new and accurate MDT for improved analysis of the ocean circulation. The ocean
transport through the Fram Strait is known to play an important role in the global circulation.
Gulf Stream water flows into the Nordic seas and feeds the formation of heavy bottom water
that returns back into the Atlantic Ocean. Recent results have shown that changes in this
bottom water transport may cause the inflow of Gulf Stream water to slow down or change
into another stable circulation mode over a few decades. Such a change of the Gulf Stream
with even a possible shut down of the heat transport towards high latitudes would have a
huge impact on the North European climate. The OCTAS project, in coordination with the
GOCINA project, attempts to ellucidate the role of the water exchange between the Arctic
and Greenland Seas in this process.

JSG03/10A/A12-004 0930

COMBINED REMOTE SENSING OF OCEAN COLOR, RADIATION TEMPERATURE AND
RADAR ALTIMETRY IN THE TRANSITION ZONE BETWEEN THE NORTH SEA AND THE
BALTIC SEA

Niels Kristian HOEJERSLEV (Niels Bohr Institut for Astronomy,Physics and Geophysics, University
of Copenhagen)

In the transition zone between the North Sea and the Baltic Sea hydrographic
measurements of both temperature and salinity extending from the surface down to bottom
have been performed routinely since 1886 from light vessels together with sea level
measurements from the land bordering the sea. In addition optical in-situ measurements of
daylight penetration and ocean color have been physically measured since 1922. From all
these data the steric effect, the light penetration depth and the heat diffusion in the sea can
be modeled. Consequently, from known surface temperatures the bottom temperature can
be calculated quite accurately. This implies that remote sensing of the radiation temperature,
SST provide useful information about the bottom temperature being important with respect to
both steric effects and oxygen depletion in water layers near the bottom. Modeled bottom
temperatures deviate typically by less than 1 degree Kelvin compared to the measured ones.
During the last 12 years combined remote sensing measurements of ocean color, radiation
temperature and altimetry have been daily business. In the transition zone the modeled light
penetration depth is of the order of a few meters in accordance with the in-situ
measurements and the difference between SST and in-situ surface temperature are typically
below 1 degree Kelvin. The annual amplitude of the sea level is around 5 cm on average and
the steric effect due to heating and cooling of the water column attains half the value. Radar
altimetry in the transition zone demonstrates that the sea level during warm summers
systematically is about 1 cm higher than during cold ones due to changes in the steric effect.
The measuring accuracy of the radar altimetry is obviously better than 1 cm. During the
winter the steric effect can be either positive and negative ( and therefore also negligible)
because the salinities varies around 24.65 in the surface waters. Radar altimetry as well as
water level measurements since 1886 show clearly no steric effets especially at the end of
the winter for this reason. Analysis of the radar altimetry data suggest that the measuring
precision must be of the order of 1 mm. Remote sensing measurements of ocean color, SST
and altimetry in combination are therefore a powerful tool in environmental and climatic
studies since even small changes in the water level can be safely detected.

JSG03/10A/A12-005
ICESAT LASER ALTIMETRY GEODETIC RESULTS

0950

Bob Ewald SCHUTZ (Center for Space Research, University of Texas)

The Ice, Cloud and land Elevation Satellite (ICESat) was launched 2003 January 13 00:45
UTC from Vandenberg on a Delta-Il into a near circular, 94° inclinationorbit with an altitude of
590 km. The primary instrument carried by ICESat is the Geoscience Laser Altimeter System
(GLAS), a new space geodetic tool. The GLAS instrument has been developed by NASA



Goddard and was mated to the spacecraft bus, built by Ball Aerospace, in June 2002. The
GLAS altitude measurements collected by GLAS will produce elevation time series of the
Greenland and Antarctic ice sheets, which will enable determination of present-day elevation
change and mass balance. Additional applications of the altimetrychannel include precise
measurements of land topography and vegetation canopy heights, sea ice roughness and
ocean elevations. Spacecraft commissioning was conducted during the first 30 days after
launch. The spacecraft systems have performed as expected and the spacecraft is being
phased into the required 8-dayrepeat track to support calibration/validation activities.
Preliminary analysisusing data collected by the BlackJack GPS receiver shows that some
minor tuningof the gravity field, provided by GRACE, will be required to meet the better than
5 cm radial orbit accuracy requirement. The GLAS laser is scheduled to be powered up in
mid-February and an intense period of GLAS commissioning and calibration/validation will
follow. This paper will provide an overview of the geodetic results to date for precision orbit
determination, precision attitude determination, verification of the instrument performance
and validation of thedata products.

JSGO03/10A/A12-006 1040

ADVANCE TECHNOLOGY OF REMOTE SENSING, GIS AND GPS FOR SEISMIC
HAZARD ASSESSMENT

Trinh Trong PHAN, Hoang Quang VINH, Trinh Hai DOAN (Institute of Geological Sciences)

Satellite image is origin of progress in earth observation and geological mapping. It gives us
also a very powerful tool for the prediction and warning of natural hazards. We focus in three
applications in Vietnam: seismic hazard assessment, landslide hazard and coastal zone
erosion. The most important application is the estimation of seismic risk. We use TM, SPOT,
ASTER, RADAR imagery and airborne images to determine active fault length, their
characteristics (normal, reverse or strike-slip, slip rate) and measure horizontal displacement
accumulated in Holocene. Directional filter of SPOT and TM images in combining with DEM
from topographic data and RADA image could make in evidence active fault segment. The
parameters are used to estimate maximum credible earthquake magnitude. The result of
satellite analysis is combined with other data of geomorphology, topographic DEM,
earthquake epicenter, radon distribution, stress field by the Geographical Information
System. Some examples in application of spatial technology and GIS for seismic evaluation
are presented. Radar interferometry help to create the DEM. Spot Panchromatic and
multispectral image allows precise mapping of fault traces and estimate of fault
displacement. The offset of landforms such as river and drainage patterns, alluvial fans,
terraces can be observed and measured from Spot and Saious images. If the age of
landforms is estimated reasonably, a fault slip rate can be estimated. The satellite analysis is
combined with field study and other measurement such classic geodesy, Global Positioning
System and analysis of earthquake focal mechanism. Our study in Vietnam will illustrate for
the application of thematic study of remote sensing. We that if remote sensing technique is
associated with other studies of Geology, geophysics and geomorphology, it will be a
powerful tool to study active faulting and seismic hazard assessment. From this, if one relate
with other results deduced from other works of intermediate prediction of earthquake, this
technique will be useful for assessment of seismic hazards.

JSG03/10A/A12-007 1100

HYPERSPECTRAL REMOTE SENSING APPROACH FOR ROCK SURFACE
MINERALOGY MAPPING IN ARID ENVIRONMENT

Patrick C. PINET', Esther HARRIS', Marie PYTHON', Georges CEULENEER', Yves DAYDOU',
Aurélien CORD!, Patrick LAUNEAU?, Hilal AL AZRF, Sabine CHABRILLAT®, Xavier LENOT?,
Stéphane CHEVREL® ('UMR5562/CNRS/GRGS/Toulouse University, 2. UMR-CNRS 6112, Faculte
des Sciences et Techniques, Nantes University, Nantes, France, *3. Directorate General of minerals,
Ministry of Commerce and Industry, Muscat, Oman, ‘4. Remote Sensing section,
GeoForschungsZentrum, D-14475, Potsdam, Germany, 5. Optics Department, ONERA, BP 4025,
Toulouse, France, °6. B.R.G.M.-ARN, F45-060, Orléans, France, 7. UPRES-A 8013/CNRS/ Cote
d'Opale University, Wimereux, France)

The massif of Magsad lies in a desertic region of Oman and is a large exposure of mantle
rocks, bordered by a sedimentary massif of limestone rocks. Spaceborne, airborne and in
situ hyperspectral sensors deliver measurements produced by spectro-imagery and field
spectrometry. These data, analyzed by means of advanced processing tools and
methodologies relying on multidimensional statistics and unmixing techniques, explore
quantitatively the geological surface heterogeneity at different spatial scales, ranging from
the centimetric rock-scale to the integrated landscape and remote sensing scale of the
observation (10 to 50m). The results demonstrate that for arid environments in all cases
where an extensive groundtruth has been acquired with the objective of encompassing all
the local vegetal and geological variability at 50-100 m scale, it ispossible to explain the
subpixel variability in the images by simple combinations of 3 to 5 key components, generally
involving 2-3 mineralogy-driven ones, 1-2 types of vegetation, and/or 1 environmental shade
component accounting for the different illumination conditions. From this analysis, one can
select the key components present on the field and use them as endmembers in an iterative
multiple mixture approach. With the support of field spectrometer and laboratory data, these
endmembers can be interpreted in terms of first-order petrology information. It reveals that
spatially organized variations do occurwithin the field of peridotites that can be used to
produce a new type of lithology / mineralogy maps and it gives potentially access to the
synoptic mapping of subtle petrologic variations. With the dramatic improvement of the
spatial resolution of the present and soon-to-come observations, optical heterogeneities
related to the physical properties of the surface have to be taken into account at the subpixel
scale and this requires experimental laboratory studies on natural rocky surfaces. Efforts are
currently underway for producing quantitative compositional estimates with many
applications to terrestrial land surfaces and planetary environments such as the lunar and
martian surfaces.

JSG03/10A/A12-008 1120

GLOBAL IONOSPHERIC MODELS BEHAVIOR AT DIFFERENT GEOMAGNETIC
REGIONS AND AT DIFFERENT LOCAL TIME

Amalia Margarita MEZA', Alejandro Raul DIAZ?, Claudio Antonio BRUNINI' ('Facultad de Cs.
Astronomicas y Geofisicas, Universidad Nacional de La Plata, “Instituto Tecnologico de Buenos
Aires)

The dual frequency altimeter on board TOPEX/Poseidon satellite allows to measure the
vertical total electron content (VTEC) of the ionosphere. Due to the dispersive properties of
the ionosphere, subtracting the range measurements in the C-band (5.30 GHz) and in the
Ku-band (13.65 GHz), the VTEC is obtained. In this work, we compare the climatologies
predicted by a global GPS-derived empirical ionospheric model and the International
Reference lonosphere model IRI95 with TOPEX VTEC measurements. These climatological
comparisons are performed in periods of various geomagnetic conditions. The periods taken
in this analysis are equinoces and solstices. The comparisons are binned in geomagnetic
latitude stripes and in local time stripes, where the mean VTEC differences, weighted by the
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cosine of the geomagnetic latitude are computed, as well as the standard deviations. We
show a quantitative analysis of the VTEC differences between TOPEX measurements and
ionospheric models. From this results we conclude that the GPS-based model gives a better
description of the ionosphere than IRI95, in almost all local times. We also show that the
equatorial anomaly is one of the main source of discrepancy. At sunset, both models have a
worse relative representation at middle latitude wherever is summertime.

JSG03/10A/A12-009 1140

MEASURING STRATOSPHERIC AEROSOLS, POLAR MESOSPHERIC CLOUDS AND
POLAR STRATOSPHERIC CLOUDS USING THE GOMOS EXPERIMENT ONBOARD
ENVISAT

Filip VANHELLEMONT, Didier FUSSEN, Christine BINGEN, GOMOS Cal-Val team (Belgian
Institute for Space Aeronomy)

GOMOS (Global Ozone Monitoring by Occultation of Stars), one of the atmospheric
experiments onboard the European ENVISAT satellite, uses the technique of stellar
occultation to measure the transmittance of starlight through the atmosphere. From these
measurements, altitude density profiles for gases such as O,, NO,, NO,, H,0, OCIO, air, and
stratospheric aerosol extinction profiles are derived. In addition, the experiment has been
able to detect the presence of noctilucent clouds (polar mesospheric clouds, or PMCs) and
polar stratospheric clouds (PSCs). First observational results are presented and discussed
for the aerosols and clouds.

JSAO1 Tuesday, July 8

LONG-TERM TRENDS IN THE MESOSPHERE,
THERMOSPHERE AND IONOSPHERE (IAGA, IAMAS)
Location: Site A, Room 12

Tuesday, July 8 AM

Presiding Chairs: J. Lastovicka, A. Danilov

JSA01/08A/A12-001 0905

REVIEW OF TRENDS IN MESOSPHERIC TEMPERATURES
Gufran BEIG (Indian Institute of Tropical Meteorology, PUNE-411008 INDIA)

In recent time, it has become increasingly clear that releases of trace gases from human
activity have a potential for causing a change in the upper atmosphere. During the past
decade, several attempts have been made to analyze different series of long-term
observations and to deduce mesospheric temperature trends. The comparison of the results
obtained by different observations separated by several decades is complicated. These are
related to maintenance of the same equipment sensitivity, noise level, and the method of
data processing. Nevertheless, there are a number of occasions where a majority of the
temperature trend results indicate consistency and some of the differences are even
understandable. In this talk, a review of the long-term trend in temperature of the region from
50-100 km has been made based on available up-to-date understanding of measurements
and model calculations. An objective evaluation of the data sets is attempted and important
factors of uncertainties are discussed. There are a growing number of experimental results
centered on, or consistent with zero temperature trends in the mesopause region. The most
reliable data sets show no significant trend, but with an uncertainty of at least 2K/decade.
Most studies recognize negative trends in the lower and mid-mesosphere with amplitude of a
few degrees (2-3K) per decade.

JSA01/08A/A12-002 0935

IMPACT OF NATURAL VARIABILITY IN THE 11-YEAR MESOPAUSE REGION
TEMPERATURE OBSERVATION OVER FORT COLLINS, CO (41N, 105W)

Chiao-Yao SHE, David A. KRUEGER (Physics Department, Colorado State University)

The Colorado State University Sodium Lidar has measured temperatures in the mesopause
region (80-105km) since 1991. Based on 7 years” observation, an episodic change with a
warming of 11.8K in 1993 at the mean mesopause altitude of 98km, attributable to Mt.
Pinatubo eruptions, was reported. With 11 years of data to the end of 2001, we observed a
maximum solar response of 0.06K/SFU at 99km, which decreases at lower and higher
altitudes to nearly zero and appears to change sign at ~82km and ~104km. The phase
changes are consistent with earlier mid-latitude observation with incoherent scatter radar
above and Rayleigh lidar below the altitudes we observed, providing clear experimental
evidence of dynamical influences throughout different layers of Earth’s atmosphere. Along
with the reporting of these natural variability, we determine, and discuss their impact on the
long-term mesopause temperature trends by re-analysis with one more year of data to the
end of 2002.

JSA01/08A/A12-003 0955

AN UPDATE ON GREEHOUSE COOLING IN THE MESOSPHERE AND
THERMOSPHERE

Rashid A. AKMAEYV (CIRES, University of Colorado)

Infrared radiation in the 15-um band of carbon dioxide is the major cooling mechanism of the
middle and upper atmosphere. Increasing amounts of atmospheric CO, impose strong
anthropogenic influence (“greenhouse cooling”) all the way through the mesosphere and
thermosphere. Collisions with atomic oxygen are the primary excitation mechanism of CO,
molecules in the thermosphere. Negative radiative forcing due to the CO, increase is
roughly proportional to the rate of collisional excitation which in turn is proportional to the rate
constant of collisional deactivation. The rate constant is still somewhat uncertain at present
with various measurements and estimates varying within about a factor of 4. In light of
recent laboratory measurements, two sets of numerical simulations have been performed to
estimate the thermospheric response to doubling and a 15% increase of CO, for two values
of the rate constant that differ by a factor of 2. Surprisingly, the temperature and density
changes due to the CO, increases are practically independent of the rate constant. Simple
diagnostics show that two physical mechanisms are primarily responsible: the strong
temperature dependence of the radiative forcing itself in a combination with a strong
temperature dependence of molecular heat conduction. Since the scenarios considered for
the higher rate constant generally operate at colder temperatures, the two physical
mechanisms combined provide sufficiently strong negative feedbacks to entirely offset the
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initially stronger radiative forcing. Possible effects of solar heating in the CO, near-infrared
bands will also be discussed.

JSA01/08A/A12-004 1025

TRENDS IN CHEMICAL COMPOSITION OF THE MESOSPHERE INDUCED BY LONG-
TERM CHANGES OF ATMOSPHERIC BASIC PARAMETERS (MIDDLE LATITUDES)

Alexei A. KRIVOLUTSKY, Tatyana Yu. VYUSHKOVA, Vladimir N. GLAZKOV (Department of
Chemistry and Dynamics of the Atmosphere, Central Aerological Observatory)

The results of temperature and pressure (rocket data at Russian station Volgograd, 50 N,
1970 -1990) regression analysis were used to calculate corresponding changes in chemical
composition (first of all concentration of ozone). The data sets based on long-term rocket
sounding revealed negative trends in both parameters with increased amplitude in the
mesosphere. Corresponding magnitudes of these trends have been used in 1-D
photochemical model. This 1-D time-dependent photochemical model used for this study
describes photochemical interaction between more than 50 minor compounds in the range 0-
90 km. Long-term changes in atmospheric parameters such as the temperature and
pressure influence on gas-phase chemistry determining the velocity of ozone production in
three molecular reactions and changing the photolysis rates. So, only temperature and
pressure (which determine the concentration of the air) had trends in model runs, and there
were no any other kind of long term forcing. The annual cycle in the basic parameters have
been introduced in the model also. The results of photochemical calculations gave
corresponding trends (negative) in vertical ozone model distribution. Vertical structure of
such trend is very similar to observed trends revealed from SAGE-II observations.
Calculated magnitudes of trends in ozone and other minor species content in the
stratosphere and mesosphere depends on season. Such annual dependence in the results
of photochemical model runs determined by annual variability of air density and by solar UV
radiation intensity.

JSA01/08A/A12-005 1115

THE INFLUENCE OF INCREASING GREENHOUSE GASES ON THE STRUCTURE AND
COMPOSITION OF THE MESOSPHERE AND LOWER THERMOSPHERE

Daniel R. MARSH, Douglas KINNISON, Fabrizio SASSI, Rolando R. GARCIA, Byron A.
BOVILLE (National Center for Atmospheric Research)

While it is accepted that concentrations of radiatively active (or greenhouse)gases are
increasing in the troposphere, the impact of these changes on theupper atmosphere has yet
to be fully assessed. Increases in carbon dioxideare expected to cool the mesosphere and
lower atmosphere (MLT), but certainobservational evidence suggests there is no cooling
trend near the high-latitude mesopause. Large increases in water vapor, brought about in
partby changes in methane, are also observed. These changes significantly
impactmesospheric ozone, and may affect the formation of polar mesospheric clouds.Using
the Whole Atmosphere Community Climate Model (WACCM), a GeneralCirculation Model
that extends from the surface to 140 km, we quantify theresponse of the MLT to recent
increases in carbon dioxide, methane, nitrousoxide and chlorofluorocarbons. In particular,
trends in both temperature andcomposition between 1980 and 2000 are analyzed and
compared with theobservational record.

JSA01/08A/A12-006
TRENDS IN NOCTILUCENT CLOUDS - NEW RESULTS

1145

Sheila Catherine KIRKWOOD (Atmospheric Research Programme, Swedish Institute of Space
Physics)

For a number of years many scientists have believed that there is strong evidence for a
secular increase in noctilucent cloud (NLC) occurrence and explanations have been
proposed in terms of decreased temperature from increased carbon-dioxide cooling or
increased water vapour from increased methane, or even from space-vehicle emissions. A
recent reassessment of the observational NLC record from NW Europe, however, shows that
there is no significant trend in the occurrence of NLC during the last 40 years. This is
confirmed by the observational record from Moscow. Even the reported absence of NLC
observations in Europe before 1885 has been questioned, with the illustration of what appear
to be NLC included in a painting from 1837. In this talk the evidence for trends and shorter-
term variability in the NLC observations will be first be reviewed. The role of variable upper-
atmosphere dynamics in secular and shorter-term longitudinal shifts of the regions where
NLC can be observed will be discussed. Finally, possible explanations for a zero secular
trend in NLC occurrence despite increasing carbon-dioxide, methane and water vapour, will
be presented.

JSA01/08A/A12-007
LONG-TERM TREND OF MESOPAUSE SCENERIO

1215

Dipak K. CAKRABARTY (Centre for Environment Survey)

Information about long-term changes of several parameters in the mesopause region is
gradually coming out. It is now almost established that in this region the temperature has
been going down, the density of major neutral constituents has been decreasing, carbon
dioxide content has been increasing and water vapor content has been increasing. The
trend of change in nitric oxide density is controversial and the trend of change in electron
density is also controversial. There is no information on the changes of atomic oxygen and
ozone. Using an ion chemical scheme, in which both positive and negative ions have been
considered, we have examined the effect of all these changes on the ionization of this region
to arrive at a picture which conform to all these changes. It is evident from this analysis that
electron density has been decreasing, percentage of both positive and negative clustered
ions has been increasing and both f* (ratio of positive molecular ions to clustered ions) = 1
and A (ratio of negative ions to electrons) =1 levels have been going up over the years.

Tuesday, July 8 PM
Presiding Chairs: G. Beig, M. Jarvis
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TRENDS IN THE MLTI FROM A POLAR PERSPECTIVE
Martin J. JARVIS (British Antarctic Survey)
The middle and upper atmosphere may provide a sensitive indicator that anthropogenic

influences are changing Earth's environment. However, such signatures occur against a
background variability driven largely by external forcing on a range of time scales. It is
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essential therefore to be able to differentiate between externally and anthropogenically
forced changes. To understand the attribution of trends in the MLTI we need to take a global
perspective. In this respect, comparing observations in the polar regions both with those
observed at lower latitudes and with those observed at the opposite pole should provide
pointers to the causative mechanisms. This presentation will discuss some comparisons
using Antarctic and Arctic data and suggest areas to investigate further.

JSA01/08P/A12-002
LONG-TERM TRENDS IN THE LOWER IONOSPHERE BELOW 120 KM

1430

Jan LASTOVICKA', Juergen BREMER? ('Institute of Atmospheric Physics, Bocni II, 14131 Prague,
Czech Republic, “Institute of Atmospheric Physics, Schloss-str. 6, Kuehlugsborn, Germany)

The increasing concentration of greenhouse gases in the atmosphere is expected to modify
also the mesosphere and lower thermosphere (MLT region). However, the greenhouse
cooling instead of heating at these heights is expected by models and generally confirmed
by observations. This should more or less affect various ionospheric parameters at these
heights. Observations show that in spite of general cooling, at some altitudes and some
latitudes during some seasons we observe no trend (e.g. high latitudes, summer, NLC
heights of 82-83 km) or even slight heating, whereas under the majority of conditions the
cooling is observed, which is sometimes somewhere quite strong. The spatial and temporal
structure of temperature trends in the MLT region is quite complex and, therefore, such
structure occurs for trends in the lower ionosphere, as well. In the lower part of the
ionosphere below about 90 km, the rocket measurements of electron density and the indirect
phase reflection height measurements reveal positive trends in electron density, which
correspond to cooling and shrinking of the mesosphere. Above 90 km, the nighttime LF
reflection height measurements and the E-region ionosonde data provide trends
corresponding to the overall cooling and shrinking of the atmosphere, while sparce rocket
data display an opposite trend of decrease of electron density. lonosonde data show that
there is a model-expected trend in the maximum electron concentration of the E region
ionosphere. foE is slightly increasing. On the other hand, the height of the normal E layer,
h’E, is slightly decreasing. The radio wave absorption and rocket electron density
measurements clearly display a substantial dependence of trends on height. The role of the
solar cycle and other longer-term variability of natural origin in the observational trends must
not be neglected. In spite of a general qualitative agreement with model expectations, there
is still some controversy between various observational trend results (hopefully rather
apparent than real), which needs to be clarified.

JSA01/08P/A12-003
TRENDS IN THE NEUTRAL AND IONIZED PARTS OF THE MLT REGION

1500

Bremer JUERGEN (Leibniz-Institute of Atmospheric Physics)

From long-term phase height observations in the LF range a continuous decrease of
ionospheric reflection heights has been detected if the solar and geomagnetically induced
variations have carefully been removed. Results of other reflection height observations
confirm the lowering of the meso- and lower thermosphere (MLT) region. This shrinking can
mainly be interpreted by a general cooling of the strato- and mesosphere caused by an
increasing atmospheric greenhouse effect. Beside this cooling due to an increasing infrared
radiation to space also long-term changes of the nitric oxide density and/or the effective
recombination coefficient may play an important role for the explanation of the observed
trends of ionospheric reflection heights. Observation of long-term trends of ionospheric
absorption at different frequencies may help to decide if trends of the nitric oxide density and
of the effective recombination coefficient have to be taken into account. From the combined
analysis of different reflection height, absorption and ionosonde data series mesospheric
temperature trend profiles have been derived for summer and winter conditions. Maximum
cooling is observed during summer up to about -0.45 K/year and up to about -0.35 K/year in
winter. These trends agree reasonable with other experimental trends derived from lidar and
rocket experiments. The experimental trends are however stronger than the model results
derived from the global circulation model COMMA-IAP if the known trends of carbon dioxide
and ozone have been used in these calculations.

JSA01/08P/A12-004 1520

SOLAR-CYCLE VARIATION OF BACKGROUND COSMIC RADIO NOISE OBSERVED BY
THE IMAGING RIOMETER IN THE POLAR CAP

Masanori NISHINO!, Hisao YAMAGISHI?, Jan HOLTET?® ('Solar-Terrestrial Environment
Laboratory, Nagoya University, JAPAN, *Upper Atmosphere Division, National Institute of Polar
Research, JAPAN, “Department of Physics, University of Oslo, Norway)

The 30 MHz imaging riometer (IRIS) was installed at Ny Alesund, Svalbard (76.1° MLAT) in
September 1991 in order to study dynamics of auroral particle precipitation in the polar
cusp/cap. The IRIS has two-dimensional 8 x 8 multiple-beams and thus can obtain
ionospheric absorption image due to precipitation of auroral particles. The IRIS observation
has been carried out since September 1991. For the ionospheric absorption measurement,
quiet-day-curves (QDC) have been determined from background cosmic radio noise (CRN)
in each month. The long-term reduction of the monthly QDC is important for evaluation of it
availability. We examined the long-term variation from the monthly QDC data during ten
years (1991-2001) in the solar-cycles 22 and 23. As the result, the variation showed
seasonal changes during years depending on sunlit condition in the polar cap ionosphere. It
was also found that the long-term variation (trend) showed an amplitude change of 0.6 - 1.0
dB during the solar-cycles. This indicates that the specific monthly-QDC could be
unavailable in different months in the same year and also unavailable on the same month in
different years during ten years. Here it should be remarked that the long-term variation of
the background CRN showed a good correlation with the annual variation of galactic cosmic
ray fluxes (GCR) measured by neutron counter at Oulu in Finland, which is generally
modulated inversely by solar activity. This gives us a conclusion that the long-term variation
of the background CRN is governed by precipitation of high-energetic protons due to GCR
into the lower ionosphere and the mesosphere in polar region, not by ionization in the
ionosphere due to solar radiation. Further discussions are needed for the problem that the
observed amplitude change is larger than that calculated change theoretically from the
electron density profiles and the collision frequencies.

JSA01/08P/A12-005 1610
LONG-TERM TRENDS OF F2-LAYER PARAMETERS INDEPENDENT OF
GEOMAGNETIC ACTIVITY

Alexei D. DANILOV (Institite of Applied Geophysics)

A detailed analysis of the foF2 data at the series of ionospheric stations is performed to
reveal long-term trends independent of the long-term changes of geomagnetic activity during
the recent decades (nongeomagnetic trends). It is found that there is a relative



nongeomagnetic trend of -0.0012 per year (or an absolute nongeomagnetic trend of about -
0.012 MHz per year) for the period between 1958 and the mid-nineties. The consideration of
the earlier period (1948-1985) for a few stations for which the corresponding data are
available provides significantly lower foF2 trends, the difference between the later and earlier
periods being by a factor of 1.6. This is a strong argument in favor of an anthropogenic
nature of the trends derived. The situation with the hmF2 trends is more complicated, but for
the majority of the stations considered positive nongeomagnetic trends of hmF2 are
obtained. Presumably these trends are a manifestation of the changes occurring during the
recent decades in the upper thermosphere (thermosphere) due to its pollution in the process
of space exploration. A possible relation of the ionospheric and termospheric trends is
discussed.

JSA01/08P/A12-006 1640

THE MLTI IMPACTS OF SOLAR ACTIVITY TRENDS IN THE 20TH AND 21ST
CENTURIES

Mark Andrew CLILVERD', Ellen CLARKE?, Henry RISHBETH?, Thomas ULICH* ('British
Antarctic Survey, *British Geological Survey, *University of Southampton, ‘Sodankyla Geophysical
Observatory)

The aa index provides the longest geomagnetic data set that can be used in the analysis of
magnetospheric and ionospheric phenomena. All phases of the solar cycle show increases
in storm activity since the end of cycle 14 in 1915. The activity increase does not appear to
be strongly associated with any instrumental, ionospheric or magnetosphericeffects. Small
effects have been confirmed in the long-term change in ionospheric Pedersen and Hall
conductivities due the changing dipole moment of the Earth, but not due to increasing
greenhouse gases. Three instrumental effects have been identified where significant
changes in quiet-time conditions can be seen i.e. 1938, 1980, and 1997. These do not
account for the majority of the increase in aa. Noise levels for the aa index are now close to
those seen at the beginning of the dataset. The prime cause of the increase in storm activity
is an increase in solar activity. The average aa in cycle 23 should be about 1~nT less than
predicted from previous cycles due to the reduction in baseline noise levels at the start of the
cycle (1997). We consider the likely levels of solar activity in 2100 AD by analysing the
previous history of these long-term solar and geomagnetic activity indexes. In particular, we
make use of super-posed periods of similar variations in the DELTA C-14 record that have
occurred during the last 11,000 years. This leads us to conclude that we could expect solar
activity conditions in 2100 AD to be equivalent to those of about 1900 AD when a small
minimum in solar activity took place, rather than increase at the relatively high rates of the
last 100 years.

JSA01/08P/A12-007 1700

REGIONAL VARIABILITY OF LONG-TERM VARIATIONS OF MIDLATITUDE E
SPORADIC LAYER

Oleg Nikolaevich SHERSTYUKOV, Sergey Vladimirovich MAKSYUTIN (Department of Physics,
University of Kazan)

Accumulation of long rows of experimental ionospheric data during last several decades has
allowed a number of researchers to conduct a study of long-term variations of various
parameters of ionosphere. Thus and so consideration of global climatic variations of E
sporadic layer parameters is interesting. These studies were already conducted earlier for
number station of South hemisphere, but further consideration of long-term variations of E
sporadic layer parameters is necessary for more amount of stations during a long periods. At
work presented long-term variations of critical frequency E sporadic layer (foEs) were
analyzed for 20 mid-latitude stations of north hemisphere (16 from them is situated within
latitude band 45-65N, one-43N and last three stations - within latitude band 65-75N) during a
period 1957-1990.For analysis hour values of foEs were averaged for the whole day (00-23
LT), as well as for light (9-15 LT) and dark (21-03 LT) time of a day separately. Before the
segregating of trends, values of foEs were averaged for the current year by reason of
eliminating an influence of seasonal variability of foEs. Analysis of long-term variation
season-averaged values of foEs was conducted also. Linear regression dependencies of
year-averaged and season-averaged values of foEs from a time are segregated by way of
foEs = A*t+B, where t-is a time. The values of linear regression slope parameter (A) were
used as quantitative characteristic of segregated trends (it has dimensionality MHz / year). A
significance of segregated trends were estimated for confidential probability 90%. As a result
of conducted analysis were discovered significant trends of year-averaged and season-
averaged values of foEs, observed during light (09-15 LT) and dark (21-03 LT) time of day
and during whole day (00-23 LT). A magnitude of segregated trends of foEs for considered
stations is about 0,01 MHz per year. However, the sign of segregated trends is not same for
all considered stations. Thus as result year-averaged values of foEs analysis negative trend
is observed for 13 stations (and for 7 stations it is significant) but positive trend is observed
for the rest 7 station (and it is significant for 6 stations). Difference of segregated trends sign
for considered stations conceivably caused by the different geographical situation of stations
on continent. Thus for stations situated in the central Europe dominate a positive trend but
for stations situated in north region of Europe and at heart of continent dominate a negative
trend.The the work was conducted under the support of grant RFBR 01-05-65251.

AQ7 Thursday, July 10

REGIONAL CRUSTAL MODELS BASED ON SEISMIC,
ELECTROMAGNETIC, POTENTIAL FIELD, AND GEOTHERMAL
STUDIES (IAGA, IASPEI)

Location: Site A, Room 5

Thursday, July 10 AM
Presiding Chairs: J.V. Korhonen, W.D. Mooney

JSA07/10A/A05-001 Invited 0830
DENSITY STRUCTURE OF THE UPPER MANTLE UNDER NORTH AMERICA

Walter D. MOONEY', Mikhail K. KABAN? ("USGS, “Institute of Physics of the Earth, Moscow)

We present a new high-resolution density model for the lithosphere and upper mantle of
North America and analyse its geodynamic and tectonic implications. This model is based on
an integrated analysis of gravity, seismic refraction, seismic tomography, drill-hole, and
geological data. The thickness of sedimentary cover was determined from geological maps,
and the average density-depth relationship was estimated for each specific basin from
published data. The density model of the consolidated crust (including Moho variations) is
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derived from seismic determinations. By removing the effect of the crust we calculate the
residual ‘mantle’ gravity anomalies and the residual topography which are due to density
inhomogeneities in the upper mantle. A joint analysis of these results with seismic
tomography data (Van der Lee et al., 2000) leads to a construction of a 3D density model of
the upper mantle under North America that is consistent with the residual gravity and
produces the dynamic topography which is close to the residual one. The obtained density
variations in the upper mantle under North America change significantly with depth. We
conclude that they can not be explained solely by variations in temperature (Goes and Van
der Lee, 2001) but a substantial part of them should be due to compositional differences.
Under the Canadian Shield this difference is negative and is equal on the average to -40+5
kg/m?® which corresponds to 1.2% depletion. The opposite ‘compositional’ anomaly is found
in the southern part of North America adjoining to Gulf of Mexico, it exceeds 30 kg/m®. The
origin of this anomaly is disputable.

JSA07/10A/A05-002
THE ELECTRICAL LITHOSPHERE OF NORTHWESTERN CANADA

0900

Alan G. JONES', Juanjo LEDO?, Ian J. FERGUSON® (‘Geological Survey of Canada, Ottawa,
Canada, *Universitat de Barcelona, Spain, *University of Manitoba, Winnipeg, Canada)

Lithoprobe's SNORCLE transect traverses over 1200 linear km from the Archean Slave
craton hosting the oldest rocks in the world, across Proterozoic orogenic terranes then
Phanerozoic accretionary terranes of the Northern Cordillera of Canada, to end at the Pacific
coast within sight of a currently-active transform fault. Electromagnetic surveys, using the
natural-source magnetotelluric (MT) technique, have been an integral component of
SNORCLE activities from the outset, and MT data have been acquired along all three
SNORCLE reflection transects, plus a supplementary profile connecting two of the Corridors
(2 and 3). Additional MT data acquisition, funded by Lithoprobe, industry, Canada's Dept. of
Indian and Northern Affairs, the U.S. National Science Foundation and the GSC, extended
observations across the whole of the Slave craton. Taken together, these MT data, from over
300 locations, facilitate construction of maps of electrical parameters (resistivity, strike
direction, anisotropy) for various depths as well as a 1500-km-long lithospheric-scale,
electrical cross-section from Contwoyto Lake, in the northern part of the Slave craton (NWT),
to Stewart, on the Pacific coast of B.C. The maps of apparent resistivity display strong lateral
variation at all lithospheric depths, with the most resistive lithospheric mantle beneath the
Anton complex of the Slave craton, and the most conductive beneath Stikinia. There is a
remarkable difference in lithospheric electrical parameters between Corridors 2 and 3 in the
Cordillera, attesting to different physical conditions of the mantle beneath those locations.
The model displays local features known previously from more detailed study. In addition, it
shows regional features that pertain to the protracted tectonic history of the region, including
a northeast dipping mantle conductor likely a remnant of the recent Kula plate subduction.

JSA07/10A/A05-003 0920
3-D ELECTRICAL CONDUCTIVITY MODEL OF THE SLAVE CRATON LITHOSPHERE

Pamela LEZAETA', Alan CHAVE', Alan G. JONES’, Rob EVANS' (‘Woods Hole Oceanographic
Institution, MA 02543, USA, *Geological Survey of Canada, Ottawa, Ontario, K1A 0E9, Canada)

The Archean Slave Craton, northwestern Canada, exposed outcrop of the oldest known
rocks on Earth over an area of about 600x400 km”2. The discovery of economic
diamondiferous kimberlite pipes during the early 1990s motivated extensive research in the
region. During the years 1998 to 2000, two magnetotelluric (MT) surveys to determine the
regional-scale three-dimensional (3-D) electrical structure were carried out in lakes of the
Slave Craton using ocean-bottom instrumentation deployed from float airplanes. Each set of
surveys occupied one year since field operations could occur only in the summertime when
the lakes were not frozen. During the first month of each survey the data were recorded at a
higher sample rate for imaging crustal features. The instruments then switched to the
standard lower sample rate (30 s) in the following ten months for the purpose of obtaining
long period MT data, permitting deep penetration into the lithospheric mantle. The time
series were processed into MT responses using a bounded influence algorithm. An
unexpected noise source was found in the magnetic field data, from instrument motion
induced by surface gravity waves when the lakes were not frozen. The noise was removed
using an adaptive correlation canceler filtering method prior to computing MT responses. A
regional 3-D conductivity model was constructed to fit the long period MT data, revealing a
NW-SE dipping mantle conductor, which together with other geophysical and geochemical
results allowed to build an hypothesis for the evolution of the Slave craton's mantle
lithosphere. We extend the 3-D model to utilize all of the MT and induction vector data. We
test the major features of the model for uniqueness and resolution, and discuss the
implications for the evolution of the Slave craton.

JSA07/10A/A05-004 0940

HIGH-RESOLUTION GEOPHYSICAL IMAGING OF A VOLCANIC MARGIN: ISLE OF
SKYE (SCOTLAND)

Sophie HAUTOT!, Pascal TARITS?, the SIMBA Team® ('School of Earth, Environmental and
Geographical Sciences, University of Edinburgh, UK, 2UMR CNRS 6538, *'SIMBA Project)

The characterization of the deep structure of volcanic margins is a problem in conventional
seismicimaging because of the thick extruded basalt flows that act as high impedance
screens, thusmasking the underlying structures. The SIMBA Project is on integrated
geoscience approaches to sub-basalt imaging.In the framework of this project, the Isle of
Skye Volcanic Province (North Atlantic Margin) is studied with different techniques (gravity,
geology, seismics, magnetotellurics). The results obtained withall these techniques will be
integrated in order to obtain a high-resolution 3-D model of a typicalexample of a volcanic
margin. Here, we focus on the magnetotelluric experiment. The magnetotelluric method is
well suited to sub-basalt imaging: in contrast to seismic methods, MT soundings
areinsensitive to the highly electrically resistive volcanic structures, and are sensitive to the
moreconductive underlying formations. 21 MT soundings have been collected on Skye in
order to obtain a full three-dimensionalmodel of the sedimentary basins beneath the lava
flows. The MT modeling resultsand the preliminary integration with the others geophysical
results are presented.In the MT model, a high resistivity contrast between the different
geologicalformations allow to constrain the geometry of the sedimentary structures
beneaththe basaltic layers.

JSA07/10A/A05-005 1000

EVOLUTION AND COLLISION RELATED STRUCTURE OF THE EARLY PRECAMBRIAN
LITHOSPHERE IN THE EASTERN FENNOSCANDIAN SHIELD: SYNTHESIS OF DEEP
REFLECTION PROFILING, GEOLOGICAL AND GEOCHRONOLOGICAL DATA

Michael V. MINTS', Robert G. BERZIN?, Alexander N. KONILOV!, Vladimir M. STUPAK?, Arsen
K. SULEIMANOV?, Nadezhda G. ZAMOZHNIA?, Valery L. ZLOBIN' ('Laboratory of the Early
Precambrian Tectonics, Geological Institute RAS, 2SPETSGEOFIZIKA, Povarovka)
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Recently recorded 1-EU and 4B CDP profiles crossed the main tectonic units of the eastern
Fennoscandian Shield (EFS) and together with earlier completed KOLA-SUPERDEEP and
EGGI profiles provided image of seismic reflections in the crust and in some cases upper
mantle from the surface to about 80 km depth (25 s). The reflectivity of the crust varies
significantly, however there is no clear difference between reflectivity of upper, mid and lower
crust. The mantle is generally transparent although 4B profile displays two levels of slight
subhorizontal events, near 17 and 20 s. The base of crustal reflectivity at 36-40 km depth
(Moho discontinuity) is clear obvious. The crustal structure is dominated by low- and
moderate-angle surfaces, mostly 20-30° dip. Main tectonic units known from geological
mapping can been traced to the depth using reflection image geometry and cross-section
(down to 15 km depth) formed by calculated values of the effective acoustic impedance. The
Neoarchean Karelian granite-greenstone terrain (KGGT) and Central-Kola granulite belt, the
Palaeoproterozoic Pechenga and East-Karelian suture zones and Lapland granulite belt and
Neoarchaean-Palaeoproterozoic Belomorian gneiss belt are formed by the systems of
tectonic crustal slices some of which can be traced down to the lower crust and in some
cases reach Moho discontinuity. Usually their boundaries flatten to lower crustal level,
however in the 4B profile eastern flank one of the crustal slices cuts Moho discontinuity. The
Moho discontinuity is to be treated as mechanical and tectonic boundary. The system of the
Palaeoproterozoic sedimentary-volcanic belts in the eastern flank of the Karelia craton has
been interpreted as imbricated thrust and nappe belt that is formed by alternating tectonic
slices of the Neoarchaean granite-greenstone and Palaeoproterozoic volcano-sedimentary
complexes deformed with creation of the tectonic duplexes. Geological, geochemical and
geochoronological data evidence that the EFS Archaean lithosphere has been completely
formed to the end of the Neoarchaean and then rifted, disrupted and finally transected by a
number of the Palaeoproterozoic volcano-sedimentary suture belts. Geochronological data
demonstrate that Neoarchaean KGGT spread out mainly in westward direction resulting from
2.94-2.86, 2.84-2.8 and 2.7-2.6 Ga accretion-collision events. Initial ages of some crustal
fragments reach 3.2-3.1 Ga, ancient inclusions were dated at 3.6-3.4 Ga. The
Palaeoproterozoic evolution of the EFS included four main stages: 2.51 - 2.44 Ga
Superplume Event and Initial Rifting of the Archaean Supercontinent, 2.44 - 2.0 (2.11) Ga
Quiescent Within-plate Development, (2.11) 2.0 - 1.95 Ga Superplume Event, 1.95 - 1.75
(1.71) Ga Combined Plume- and Plate Tectonic-related Evolution. They were followed by the
late-collisional and anorogenic magmatism. During Paleoproterozoic final collision volcano-
sedimentary successions of riftogenic basins and intracontinental oceans were transformed
in suture zones. Combined interpretation of seismic and geological data allow to consider the
structure of the Early Precambrian lithosphere of the EFS as a combination of folded thrust
and nappe and upthrust-underthrust structural ensembles.

JSA07/10A/A05-006 1050

LITHOSPHERIC SOURCES OF MAGNETIC AND GRAVITY ANOMALIES OF THE
FENNOSCANDIAN SHIELD

Juha Ville KORHONEN, Heikki SAAVUORI, Tapio KOISTINEN (Espoo Unit, Geological Survey
of Finland)

The Precambrian geological formations of the Fennoscandian Shield have been divided in
12 major groups on the Geological map of the Fennoscandian Shield 1:2, 000,000,
representing evolution from Neoarchaean to Neoproterozoic. Corresponding petrophysical
properties, measured from hand specimens and drill cores, have been averaged for the
groups, and provide an idea of evolution of bulk density, and induced and remanent
magnetisation of the shield in time. Neoarchaean and late Palaeoproterozoic formations
exhibit lowest average densities, ranging from 2670 to 2700 kg/m3. These include re-melted
Palaeoproterozoic crust, the Rapakivi granites that are visible on Bouguer anomaly map as
wide rounded minima. Densities of rocks of the Palaeoproterozoic Svecofennian orogeny,
and evolution leading to it, range 2760-2700 kg/m3. Average density of formations on the
Archaean craton is 2790 kg/m3 and on Proterozoic craton 2760-2910 kg/m3. Induced
magnetisation varies from 0.3 A/m of Archaean to 0.6 A/m of Palaeoproterozoic and to 1.5
A/m of Mesoproterozoic formations. The Q-value of formation averages ranges from 2 to 6
for Archaean and Palaeoproterozoic and from 0.4 to 1.7 for Mesoproterozoic. Q-value
changes by stabilisation of the crust after the Svecofennian orogeny. In addition to the upper
crustal petrophysical samples some mafic granulite xenoliths of the lower crustal levels of
the Archaean Domain have been available. Xenoliths represent three density populations of
average grain density 3090, 3240 and 3380 kg/m3, corresponding to total magnetisation of
2.0, 1.9 and 3.6 A/m. Heat flow studies reveal that the Curie isotherm of magnetite is deeper
than Moho in the area. Hence these three populations may represent deep crustal sources
of both magnetic and gravity anomalies of the shield.

JSA07/10A/A05-007 1110

GIS BASED SATELLITE MAGNETIC FIELD MODELLING RESULTS FOR THE
EUROPEAN PLATFORM

Kumar HEMANT, Stefan MAUS (GeoForschungsZentrum, Potsdam)

Satellite missions for last three decades have been a rich source of magnetic data which are
used to generate the total field anomaly maps of the lithosphere. The CHAMP satellite in a
low-earth orbit is particularly suited for the study of crustal magnetic anomalies. Our aim here
is to interpret these maps in terms of known geology and to infer properties of the lower
crust. A GIS based modelling technique has been developed to generate a vertically
integrated susceptibility (VIS) model at every point on a map by assigning a standard
susceptibility value to the known rock types for a particular region and multiplying it with the
3SMAC seismic crustal structure. The Total field anomaly is computed at an altitude of 400
km using this initial VIS model and is compared with the observed CHAMP total field
anomaly map. The modelling result in the Baltic shield region and around Kiruna agrees very
well with the observed anomaly map for the same region. The high associated with Kursk-
Voronezh uplift fits well with the observed map. The extent of the anomaly in the Southern
Urals follows the observed map, however, a part of the anomaly further inside the platform
region is yet unaccounted for. The NW-SE anomaly following the Tornquist Teisseyre Zone
(TTZ) is not directly related to some high magnetic geological body but is a result of the bulk
susceptibility increase from the thin crust in the west of TTZ to the thick crust in the east. The
basement below the Phanerozoic cover of the East European platform is clearly visible in the
magnetic field but it does not cover the entire platform. We show that the basement of the
East European platform extends from the southern boundary of the Baltic shield down to the
centre of the platform, extending upto the northern edge of the Ukranian Shield in the west
and the middle Urals in the east. The results suggest that the platform basement behaves as
a single large unit below the Phanerozoic crust.

JSA07/10A/A05-008 1130

MAGNETIC MODELS FOR THE DIFFERENT GEOLOGICAL STUCTURES OF THE
SOUTH-WESTERN PART OF THE EAST EUROPEAN CRATON

Mikhail I. ORLYUK!', Inna K. PASHKEVICH?, Svetlana V. ELISEEVA’ ('Depatment of
geomagnetism, Institute of Geophysics, Depatment of geomagnetism, Institute of Geophysics,
‘Depatment of geomagnetism, Institute of Geophysics)
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The comprehensive of the interpretation nearsurface magnetic field, its regional component
and MAGSAT anomalies were used for modelling. Petromagnetic data for the upper crust,
the depths to the basement and to the Moho discontinuity and other geodata were used also
as a priori information. 3D magnetic models of the crust have been compiled for the East
European Craton (EEC) (1 : 5 000 000) and its SW part (1 : 2 500 000). A regional 4D
magnetic model of the consolidated crust of Ukraine is constructed on the base of
geomagnetic and geochronology data.According to 4D magnetic model of the Ukraine the
high-magnetic bodies are formed cyclicaly during the time intervals: 2,90-3,20; 2,25-2,55;
1,90-2,00; 1,60-1,70; 0,90-0,95; 0,35-0,44 Ga. The high-magnetic blocks are related mainly
to epochs of extension answering to the tectonic situations as rifts, basic granulite nuclears,
subduction zones, while low-magnetic ones are associated with periods of constraction of
the crust (collizional orogens and compression structures).The nature of the deep magnetic
sources reflects two mechanisms of their formation: riftogenetic and subductional. The first
mechanism consists in saturating of the crust by basic magmatic rocks (in oxidation-
reduction condition favourable for the realization of iron as ferimagnetic minerals). Such
sources form at the early stages of the evolution of major tectono-magmatic cycles in rift
zones and the magmatic activization. The subductional type of the magnetic
inhomogeneities is considered on an example of the palaeoisland and present aisland arcs.
The mechanism of its formation is dual: on the one part it is underthrusting of the magnetic
crust of oceanic type (and possible “doubling” in some zones of the lower crust) by
subduction and, on the other part, the melting of the subducted crust with the saturration of
the upper part of the section by respective rocks according to the first mechanism.

JSA07/10A/A05-009 1150

CRUSTAL MODELS AND EVOLUTION OF THE MARGINS OF EAST-EUROPEAN
CRATON IN RUSSIA BASED ON SEISMIC AND POTENTIAL FIELD STUDIES

Sergey Leonidovich KOSTYUCHENKO, Anatoliy Vasilievich EGORKIN, Leonid Nikolaevich
SOLODILOV (Center GEON)

The Mezen basin and the Timan Range, in the north-east, the Urals, in the east, and the
Pre-Caspian basin and the Karpinsky Swell, in the south, are the tectonic units, which are
astride or adjacent to the margins of East-European craton in Russia. The architecture of the
crust and upper mantle and evolution of the area of study are imaged by seismic data (DSS,
Passive observation and CMP) and by results of interpretation of gravity and magnetic fields.
Within the Mezen basin, the rifts developed from Mesoproterozoic to Neopretorozoic 1 and 2
and the post-rift sedimentary cover accumulated since the Neoproterozoic Il time. The
thickness of the consolidated crust under the basin decreases from 42 km to 36 km and it is
about 30-32 km within the rifts. The Timan Range stretches from NW to SE along in the
eastern boundary of the Mezen basin. The deep refraction and wide-angle reflection
observations give evidences that the crystalline crust of East-European craton underlies the
up to 10 km thick Riphean successions constituting the Range. Based on deep geophysical
data, the Timan Range overthrusted from east to west onto the East-European craton
margin. There are crustal roots under the Urals mounting. The roots are about 50 km under
the Northern and Southern Urals and about 45 km under the Middle Urals. Combine study of
DSS, CMP and potential field data as well as result of teleseismic tomography experiment
give evidences that West-Siberian lithosphere overthrusted onto the eastern margin of the
East-European craton. Within the Pre-Caspian basin, the basement dips to 20-22 km while
the Moho varies between 42 km and 34 km of depth. Plume tectonics is suggested to explain
the evolution of the basin within the area, which is just in the south from East-European
craton. The signatures of shortening and overthrusting of the Palaeozoic sedimentary
successions which constitute the Karpinsky Swell onto the southern margin of East-
European craton occur in the crust of the Swell. The crust-mantle mixture, which is imaged
by the velocity of 7.6-7.8 km/s, exist between 37 km and 50 km of depth under the southern
portion of the Karpinsky Swell.
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3-D LITHOSPHERE DENSITY MODEL FOR NORTHEASTERN RUSSIA AND ITS
GEOLOGIC, PETROLOGIC AND DYNAMIC-KINEMATIC INTERPRETATIONS (GRAVITY
AND OTHER GEOPHYSICAL METHODS )

Yury Ya. VASHCHILLOV, Olga V. SAKHNO, Viktor V. LYUBOMUDROYV, Larissa I.
GUTOROVA (North-East Interdisciplinary Scientific Research Institute FEB RAS)

Mass quantitative interpretation of gravity anomalies for 3-D source block models underlie of
3-D lithosphere density model for northeastern Russia. Gravity anomalies were interpreted
by of independent and self-sufficient methods of a “new interpretative gravity”, which has
certain advantages even in comparison with seismic prospecting of deep structures of
Earth’s upper layers. In addition to this, results of seismic and electromagnetic studies, and
magnetic prospecting were also used. This 3-D density model for northeastern Russia
consists of a set of intersecting and interrelated vertical density sections of lithosphere at
depths greater than 100 km and density horizontal sections at depths 10, 20, 30, 40 and 60
km (density gravity tomography). Absolute density values were established at different levels
using methods of lithosphere density “probing” developed by the authors of this paper.
Density inhomogeneities and their petrologic analogs change at diverse depth. Areas of well-
expressed and reduced (or initially absent) “granite” layer are well-defined at 20 km
horizontal section. A well-developed “granite” layer may have thickness of 15-20 km and
more (“mesozoids”). A reduced “granite” layer is present in Anadyr-Koryak area featured by
Mesozoic-Cenozoic tectonics. In Earth’s crust, having thickness 30-40 km and less, basite-
hyperbasite rocks become mainly spread. Vertical faults of Okhotsk-Chukchi Volcanic Belt
(OCVB) are separating structures between areas of Mesozoic tectonics and pre-Riphean
crystal rock masses (continental zone) and Anadyr-Koryak area featured by Mesozoic-
Cenozoic tectonics (near-oceanic zone). According to interpreted gravity anomaly data
obtained for Near-Magadan part of OCVB, its faults root usually occur at average depth of
about 100 km. The top of asthenosphere occurs at this depth, which is supported, both
directly and indirectly, by results of electromagnetic, gravity and seismology studies. The top
of asthenosphere throughout northeastern Russia plunges to 160-180 km depth toward
eastern edge of Siberian Platform. According to geophysical data, some “weak” parts of it
are found throughout this area of our consideration at depth less than 100 km
(polyasthenosphere) . Within near-oceanic zone featured by a “reduced” granite layer, core
of some anticlinal uplifts are marked by local positive anomalies and consist of basite-
hyperbasite sequences of Late Mesozoic. In continental zone they are marked by local
negative anomalies and consist of Late Mesozoic granitoids. It was just upward movement of
magma that resulted in anticlinal structures genesis. Some anticlinal uplifts occurring within
near-oceanic zone (Talovsko-Mainsky, Murgalsky and Vostochno-Taigonossky) are
continuous, as the local linear positive gravity anomalies, within northern area of Sea of
Okhotsk.
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COMPOSITION OF THE LOWER CRUST BENEATH SOUTHEASTERN MARGIN OF
NORTH CHINA CRATON: CONSTRAINTS FROM SEISMIC, THERMAL AND
GEOCHEMICAL STUDIES

Yang WANG (School of Earth Sciences and Resources, China University of Geosciences, Beijing
100083, China)

Based on the one by one longitude-latitude grid P-wave velocity structure of southeastern
margin of North China Craton (NCC), which was derived from the seismic refraction profiles,
we infer crustal composition as a function of depth by comparing the velocities with the
results from high-pressure laboratory measurements of P-wave velocity for crustal
lithologies. The velocities were corrected to the standard P-T condition (25 degree C and
600 MPa) according to the geotherms constructed by downward continuation calculation of
heat flux data under steady state conductive assumption and the relationship between
elevation and thermal state. The average velocities are calculated for each position at 5-km
depth intervals to Moho depth. Then, the model for crustal composition of southeastern
margin of NCC was developed. For the lower crust, the corrected P-wave velocity is 6.7 ~
7.0 km/s with a gentle tendency of increasingly value with depth. According to
geothermobarometric calculation and geochemical study, the granulite xenoliths in the
Neogene basalt occurred in Jiashan, Anhui Province, the SE corner of NCC, was considered
as a representative of the lithology of lower portion of the crust beneath the region, with the
depth range of 20 to 30 km. The estimates on P-wave velocity of these granulites, which are
derived from the weighted average of minerals” velocities, were compared with the seismic
velocity model. The estimates are consistent with the seismic observation well. The average
chemical composition of the granulites is mafic with ~ 51% SiO2 and 0.74% K20 as well as
heat production of 0.16E-6W/m3. This result means a mafic lower crust beneath SE margin
of NCC, rather than the intermediate estimate by Gao et al (1998, Geochimica et
Cosmochimica Acta, v62, 1959), which obtains ~58% SiO2, 1.86% K20 and heat production
of 1.08E-6W/m3.

JSA07/10P/A05-002 1420

ESTIMATION OF WATER CONTENT IN THE CRUST FROM RESISTIVITY STRUCTURE -
A CASE STUDY IN BACK-ARC AREA OF THE TOHOKU DISTRICT, NE JAPAN —

Makoto UYESHIMA', Yasuo OGAWA? ('Earthquake Research Institute, the University of Tokyo,
*Volcanic Fluid Research Center, Tokyo Institute of Technology)

In order to estimate crustal rheology and to synthesize tectonic process such as seismic and
volcanic activities beneath the island arc, crustal water content and its connectivity is one of
the most important parameters. Owing to significant improvements in instruments, data
processing methods and inversion schemes, we are now coming to obtain detailed crustal
resistivity structures. On the other hand, dependence of whole rock resistivity versus
temperature and water content can be estimated by referring resistivity-temperature
dependence for dry rocks and water from laboratory experiments, and by assuming a
connection rule of the interstitial water. Then, if we can estimate temperature structure
successflly, spatial distribution of crustal water content can be estimated for the connection
rule directly from the resistivity cross section. In this presentation, as a case study, we try to
estimate spatial distribution of water content from a 2-D resistivity structure beneath back-arc
area of the Tohoku district, NE Japan (Ogawa, et al., 2001), and compare the results with a
seismic structure (Matsubara et al., 2003). Temperature structure was first determined from
thermal parameters such as surface heat flow, thermal conductivity and crustal heat
generation compiled by Furukawa, 1995 and Tanaka et al., 2000. Based on this temperature
structure, we estimated whole rock resistivity versus depth dependences for various water
contents, by referring laboratory experiment results compiled by Kariya & Shankland (1983)
(for dry rocks) and Nesbitt (1993) (for crustal fluids). Here, we assumed that upper and lower
crust is respectively granitic and gabbroic, and we estimated whole rock resistivities for
Hashin & Strikman (1962)’s perfectly connected(HSc) and isolated(HSi) models. For the HSi
model, whole rock resistivity takes almost the same value as that of dry rocks unless water
content becomes more than 10 %, and more than 90 % water content is necessary almost
throughout the crust to explain the observationally determined resistivity range: from 0.1 to
10k Ohm.m. On the other hand, for the HSc model, water content range from 0.01% to
several % can explain the 2-D resistivity cross section. Ogawa et al., 2000°s 2-D resistivity
cross section contains three remarkable low resistivity portions in the upper crust beneath
three tectonic faults in the area (Kita-Yuri thrust fault, Senya fault and Kitakami Lowland
West Boundary fault). Depths of these low resistivity portions range 10-20 km and resistivity
is as low as 1-10 Ohm.m. In order to explain this low resistivity, interstitial water should be
connected and its content is estimated as 0.5-5 %. This estimation is not inconsistent with
the water content estimation only from tomographic results for P and S seismic wave velocity
perturbations (Matsubara et al., 2003). But joint analysis using both electric and seismic
information will reveal more detailed features of the interstitial water and enhance
persuasiveness of the estimation.
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A STUDY ON THE CONDUCTIVITY STRUCTURE OF THE KOREAN PENINSULA BY
GEOMAGNETIC DEPTH SOUNDING

Seokhoon OH', Jun-Mo YANG!', Duk Kee LEE', Yong-Hoon YOUN', Byung-Doo KWON?, Seung-
Hwan CHUNG?’, Yoonho SONG?, Kyung Duk MIN*, Toru MOGI’, Masao NAKADA® (‘Marine
Meteorology & Earthquake Research Lab., METRI/KMA, Seoul, Korea, *Dept. Earth Science
Education, Seoul National University, Seoul, Korea, *Korea Institute of Geoscience and Mineral
Resources, Daejeon, Korea, ‘Dept. Earth System Sciences, Yonsei University, Seoul, Korea, *Inst.
Seismology and Volcanology, Hokkaido University, Japan, ‘Dept. Earth and Planetary Sciences,
Kyushu University, Fukuoka, Japan)

We have performed a geomagnetic depth sounding (GDS) and analyzed the data in terms of
induction arrows to investigate the deep electrical structure in and around the Korean
Peninsula between Japan, the tectonic boundary of Pacific Ocean, and China, where intra-
plate earthquakes have been frequently occurring. The GDS results strongly suggest
evidence to elucidate relations between the tectonic tension and the deep electrical structure
in this area. The inland anomalous pattern of induction arrows appears to indicate the
direction of NE-SW, which is similar to that of the axis of tectonic compression of this area.
Especially, the results of observations in the middle of the peninsula imply an anomalous
pattern on the tectonic area near the Imjin River Belt, thought of as an extension of the
Qinling-Dabie-Shandong continent collision belt of Eastern China. Induction arrows in the
mid-southern area appear to be related with the thick sediment layer, called the Ogcheon
Belt, that is another tectonic boundary in the Korean Peninsula. The overall pattern of arrows
observed in coastal area and islands was affected by the surrounding sea. Nevertheless, the
pattern adjacent to the southern coastline of the peninsula and Jeju Island near Kyushu,
Japan showed southward highly conductive anomalies for the long period band, similar to
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the previous study. This result might suggest geoelectrical anomalies in the East China Sea.
A three-dimensional (3-D) magnetotelluric (MT) modeling technique was adopted to
calculate the sea effect and infer the deep structure.
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PASSIVE HIGH-RESOLUTION SEISMIC ARRAY STUDY OF THE CRUSTAL AND UPPER
MANTLE STRUCTURE BENEATH THE DABIE SHAN REGION

Qiyuan LIU', Rainer KIND?, Jiuhui CHEN', Xiaohui YUAN?, Shuncheng LI', Biao GUO', Wylegalla
KURT?, Yuangen LAI' ('Institute of Geology,China Seismological Bureau, *2. GeoForschungZentrum
Potsdam, Telegrafenburg A17, Potsdam, D-14473, GERMANY)

The Qinling-Dabei orogenic belt through the central China was formed about 240Maago due
to the collision between the Yangtze and North China plates.In 1980's the investigation of its
orogenic evolution and the ultra-high pressure metamorphyismwas promoted greatly by the
discovery of coesite and microdiamond within eclogitesin the Dabie Shan mountain. Since
that, many results from geological study havebeen published. But the geophysical
investigations are only limited to some of low-resolution observations. Up to now, the
structure and deformation of the collisionmargin in the crust is still unclear. A high-resolution
exploration of the crust andupper mantle structure beneath the Dabie Shan region is
necessary for a betterunderstanding of its dynamic evolution.For this purpose, in April of
2001, we deployed a passive seismic profile acrossthe Dabie Shan region and north China
platform. This profile consisted of 34broadband seismic stations is about 400 km long . The
space between stations inthe Dabie Shan region is about 3-8 km and about 20 km in other
part. During oneyear field observation, several hundreds events were recorded. In this
presentationis given the 2-D receiver function profile as well as the crustal and upper
mantlestructure along our profile, which are obtained by using the receiver functionmigration
and nonlinear inversion methods, respectively.Our results illustrate that the crust structures
beneath the Dabie Shan region andNorth China plate are completely different. Their
demarcation is near 32°03".Thecrust below the Dabie Shan mountain becomes thick. The
largest depth of the Mohodiscontinuity reaches 48 km, and the crust thickness in both sides
of the mountainarea is only 30-32 km. The crust structure beneath the Dabie Shan mountain
is asymmetric.The Moho discontinuity below the mountain on the side to the Yangtze plate
has theschuppen structure and there is a clear offset of the Moho discontinuity near
31924 The result from the receiver function inversion reveals a low-velocity body in
themiddle crust beneath the Dabie Shan mountain. The lowest S wave velocity is only2.5
km/sec. Our observations illustrate that the Yangtze plate was an active aspectand its crust-
mantle boundary was smashed in the Dabie Shan collision orogeny. The lowS-wave velocity
body in the middle crust indicates that the brittle crust has becomefragmental after the
collision. The further investigation of the subcrustal mantle isstill necessary to confirm the
deep continental subduction.
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STRUCTURE AND GEODYNAMICS OF THE CRUST AND UPPER MANTLE ALONG THE
PROFILE OBLUCHIE - DATTA CAPE ACCORDING TO THE COMPLEX OF
GEOLOGICAL AND GEOPHYSICAL DATA

Lev Aleksandrovich MASLOV', Valery KUZNETSOV ('Laboratory for Mathematical Modeling in
Geology and Geophysics, Computing Center of the Russian Academy of Sciences, *State Control
Department, Ministry of Natural Resources, Khabarovsk, RUSSIA)

The profile Obluchie - Datta Cape crosses the juncture area of the Bureya massif with the
Sikhote-Alin fold system and the superposed structures of the Middle-Amur depression. It is
a 700 km long profile. Deep structure of the crust and upper mantle was studied using
seismological (MECW - method of converted waves from distant earthquakes) and
geoelectric (MTS) methods. Seismological and geoelectric models of the section were
constructed. Seismological and geoelectric data were added by the gravity and magnetic
anomalies along the profile. The density model of the section was constructed as the
solution of the inverse gravimetrical problem with restrictions due to seismological data. The
density inhomogeneities of the crust were considered as the source of volumetric force and,
consequently, mechanical stress in the medium. The solution of the corresponding
mechanical problem allows us to obtain mechanical stress distribution in the crust and upper
mantle of the profile under consideration. The geophysical observations data, as well as
results of geodynamic modeling were combined in a model of the deep section to be
analyzed and interpreted. It has been shown that the density and
topographicinhomogeneities of the crust are capable of generating stresses sufficient
enough to start up different geodynamic processes occurring not only in the crust but also in
the upper mantle. It has been shown also that the gravity and magnetic anomalies, the
compositional, density and stress inhomogeneities combined with electric conductivity of the
section constitute the single structural unity. All the elements of the unity are interrelated and
their interaction is feasible in the single conceptual system. The central element of this
system is the Earth's crust whose density and topography inhomogeneities, reflected in the
gravity and magnetic fields, are capable of generating stresses inducing different
geodynamic processes in the upper mantle. The quantitative characteristics of the results of
geophysical observations and those of the geodynamic modeling are presented.
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LITHOSPHERIC STRUCTURE AT CONTINENTAL BREAK-UP REVEALED BY
MAGNETOTELLURICS ACROSS THE NORTHERN ETHIOPIAN RIFT

Kathryn A. WHALER', Sophie HAUTOT", Laike ASFAW? (‘School of GeoSciences, University of
Edinburgh, *Geophysical Observatory, Addis Ababa University, Addis Ababa, Ethiopia)

The transition from fault-controlled continental rifting to magma supply-controlled seafloor
spreading is not understood. The Ethiopian rift is one of the few places to study this. Seismic
experiments undertaken include a refraction/wide angle reflection line across the rift
traversing a magmatic segment, but the melt body has low velocity and its top will give high
amplitude reflections. Hence broadband magnetotelluric data will be collected in
January/February 2003 along the line to image the crust and upper mantle, specifically to
investigate the volume of melt present, how it has modified crustal structure, whether border
faults are accommodating extensional strain, and whether there is asthenospheric upwelling
beneath the magmatic segment. Preliminary results and interpretation from this experiment
will be presented, linking to any results available from the seismic experiments.
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CRUSTAL MODELLING ACROSS THE RENNICK GLACIER AREA (EAST ANTARCTICA)

Fausto FERRACCIOLI', Emanuele BOZZ0?, Egidio ARMADILLO?, Detlef DAMASKE?®, Gernot
REITMAYR®, Nicola AGOSTINETTT", Giovanni TABELLARIO? ('British Antarctic Survey, High
Cross, Madingley Road, Cambridge, CB3 OET UK, *Dipartimento per lo Studio del Territorio e delle
sue Risorse, Univ. Genova, Viale Benedetto XV,5, 16132 Genova ITALY, ‘BGR, Stilleweg 2, 30655
Hannover Germany, “Istituto Nazionale di Geofisica e Vulcanologia, Via di Vigna Murata 605, 00143
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Roma, Italy)

During the joint German-Italian campaign 1999-2000 a variety of geophysical investigations
were performed over northern Victoria Land, Oates Land and George V Land (East
Antarctica). These included aeromagnetics, ground gravity surveys, geomagnetic depth
soundings and seismological investigations. As part of these regional studies we shall
present the first results derived from crustal modelling across the Rennick Glacier area in
northern Victoria Land. Geological evidence suggests that this glacier may conceal a major
tectonic feature, namely the Rennick Graben structure. Geodynamic models predict that this
graben relates to Cretaceous or alternatively to Cenozoic sea floor spreading between the
Australian and Antarctic plates. Just to the east of the Rennick structure, a fossil suture
zone between the allocthonous Bowers Terrane and the autocthonous Wilson Terrane has
been identified. However, recent brittle-fault studies suggest that this is not a fossil Early
Paleozoic structure. Rather, Cenozoic reactivation of the inherited fault zone may have
occurred and induced strike-slip faulting along the margins of the Rennick Graben. Prior to
our study, no integrated geophysical investigations had been performed neither to test these
geologic models nor to assess deeper crustal structure in the Rennick area. Modelling of
longer wavelength aeromagnetic anomalies now shows that magmatic arc basement flooring
the Rennick Graben is indeed faulted. Modelling of higher-frequency anomalies indicates
that Jurassic sills and basalts are also faulted. The down-faulted Rennick Graben is also
marked by a prominent Bouguer gravity low. In contrast, the adjacent uplifted Bowers
Mountains block features a 100 mGal high. Modelling reveals that this anomaly is caused by
a buried high-density body. This body may be a remnant of Early Paleozoic oceanic crust.
Whether uplift of this block is due to Early Paleozoic obduction, or to the presence of a
Cenozoic(?) horst along the eastern flank of the Rennick structure is unclear. However,
apatite fission track data seem to support the latter hypothesis. Deep electrical conductivity
models show that the Rennick Graben is a resistive feature, formed by two sub-basins,
separated by a structural high. Therefore, there is no clear indication for a prominent thermal
anomaly, which should show up as a major conductor beneath the Rennick structure. Finally,
seismologic models image the crust beneath the Rennick Graben as being only 26 km thick.
Typically, the crust beneath the Transantarctic Mountains is about 35 km thick. Hence, the
Rennick structure may represent a major continental rift structure, rather than a mere
graben. We speculate that the Rennick rift is a passive rift, which may have formed in
response to regional Cenozoic transtension between East and West Antarctica.
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INTEGRATED GEOPHYSICAL STUDY OF THE SEISMICALLY ACTIVE BHUJ REGION,
INDIA

Anand P. SASHIDHARAN, Mita RAJARAM, Vinit ERRAM (Indian Institute of Geomagnetism)

The catastrophic Bhuj earthquake of 26th January 2001 with magnitude Mw 7.7 (Ms 8) was
the most damaging in the last 50 years and was felt in nearly all parts of India. The Kutch rift
basin is considered to be a major seismogenic domain (zone V) due to occurrence of four
earthquake of high intensity and forms a crucial geodynamic part of the Western Continental
Margin of Indian sub-continent. Number of geophysical investigations including Ground
Magnetic, Geomagnetic Deep Sounding, Long Period Magnetotellurics, GPS etc were
conducted to study the seismotectonics of the Bhuj earthquakes at the Indian Institute of
Geomagnetism. The F and Z maps were generated from the collected ground data and the
magnetic sources were mainly associated with the exposed and subsurface trap flows and
were controlled by Vigodi fault and Katrol hill fault. The magnetic sources, derived by
analytical signal method, form four independent structural units related to the neo-tectonic
activity of the region and appear to be controlled by faults in the area. The four tectonic
blocks delineated, match rather well with the blocks defined by the displacement vectors of
Pollitz’s visco-elastic model over Bhuj. The induction vectors derived from the thin sheet
model (Arora, 2002) of conductance based on surface geology did not reproduce the
observed short period GDS. However when the thin sheet model was based on the block
structures derived from magnetization (high conductivity for low magnetizations assuming it
due to fluids in the sedimentary column) the match between the observed and calculated
induction vector for 12min period was remarkable. GPS results (Reddy et al, 2002) showed
changes in East-West, North-south and vertical components of the baselines during 21-28
February,2001 that indicated no displacements. N-S compression of about 0.1 micro-
strain/year is seen in the region between Ratanpar and Dhamadkapir. The long period
magnetotelluric measurements in the period range of 105-16000s have shown evidence of a
crustal conductor in the depth range of 10-17 km. Depth sections of the aftershocks of 800
events indicate that the events are mostly generated at a shallow depth of up to 8km and15-
38 km depth (Kayal et al, 2002, JGSI, 395-417). The depth range from 8-15 km produced no
after shocks and this aseismic layer coincides well with the crustal conductor. The gravity
data are also analysed and the common magnetic and gravity sources appear to coincide
with the block east of Anjar. A tectonic model has been constructed integrating the
geophysical data sets. The deformation has been calculated for the fault parameters of the
Bhuj earthquake considering a viscoelastic layer between 17km (from LMT) and 30km (
crustal depth derived from MAGSAT) and compared with the GPS results.
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APPARENT DENSITY MAPPING FROM GRAVITY DATA OF CHINA
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Hualin ZENG', Deshu XU?, Tianfeng WAN?® ('Deprtment of Applied Geophysics, China University of
Geosciences(Beijing), “Institute of Geophysical and Geochemical Exploration, Ministry of Land and
Resources, ‘School of Earth Science and Resources, China University of Geosciences (Beijing))

We present an apparent density mapping of China from Bouguer gravity anomaly and a
comparison of the mapping with the tectonic outline and geography data of China.
Transformation of gravity anomaly into apparent density is carried out by the following
methods: (1) A subtraction of upward continuation of gravity anomaly to a height from the
anomaly at observation level enhance the gravity anomaly due to an upper layer of the crust
with a thickness equal to the height, and attenuate the anomaly due to lower layer. In other
words, the upward continuation height can approximate the thickness of the layer, of which
an apparent density is evaluated, and it is possible to enhance gravity anomaly caused by
the upper crust with a thickness that equals to the magnitude of the upward continuation
distance. (2) A preferential upward continuation operator, which is derived from Wiener filter
and Green’s equivalent layer principles and can attenuate short-wavelength anomaly due to
shallow-source while minimally attenuating long wavelength signals due to deep source, is
used to separate the anomaly caused by the shallow layer from the regional anomaly due to
the deeper layer. (3) An inversion using a series of right rectangular prisms and from
computation of the first vertical derivative of the gravity anomaly is applied to transform the
anomaly due to the shallow layer yielded by the subtraction and the preferential upward
continuation into an apparent density map. By means of the above methods the gravity
anomaly due to a layer with a thickness of 10 km within the upper crust is separated from the
Bouguer gravity map of China, which was digitalized with a sampling distance of 10 km, and
an apparent density mapping of a layer in upper crust with a thickness of 10 km of China is
derived. A comparison of the mapping with the tectonic outline map and geography data of
China shows that characteristics such as closed maxima or closed minima of apparent
density correspond well with the known tectonic units such as boundaries or collisional
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suture between plates, tectono-magma belts, basins, stable blocks, granites and mountains.
For example, modern mountains correspond to low density areas; the plates and basins to
high density areas; and the large magmatic belts to low apparent density.The method is an
effective one for the calculation of apparent density of the upper crust with a given thickness
from gravity anomaly in an area, and a careful comparison of the apparent density map with
tectonic geomorphy must provide interesting new geological inferences. The key of the
method is to separate the anomaly due to the layer of which the apparent density is
calculated. Depending on the method for calculating the apparent density the calculated
density is an average ones of an area, which indicates regional structures. Gravity
interpretation is of nonuniqueness so it is important that the interpretation of the apparent
density map should be based on the known geological data.
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RESULTS OF DENSITY MODELING OF THE LITHOSHERE IN THE PHILIPPINE-TO-
ASIAN PLATE TRANSITION ZONE, AS EXEMPLIFIED FROM THE RYUKYU ISLAND
ARC

Gulya Zabirovna GILMANOVA', Vladimir Yakovlevich PODGORNY? ('Pacific Oceanological
Institute, FEB RAS, *Institute of Tectonics and Geophysics, FEB RAS)

The lithosphere modeling has been carried out along the geophysical profile by R/V
“Professor Gagarinsky” in 1993 through 1994. The study area is located east of Taiwan and
is considered to be an area of the Eurasian and Philippine plate interaction. Profile crosses
the Okinawa Trough, the Ryukyu island arc, the Ryukyu trench, passing out to the West
Philippine Basin water area. Three computation models have been constructed: the
lithosphere, divided into the water layer and the solid part, the lithosphere, whose solid part
is subdivide into the crust and subcrustal part and that with account of the seismic crustal
layering. It has been shown, that the lithosphere is clearly divided into three parts: that of low
density (2.955 g/M3), with significantly continental crust, the density one (3.3 g/cm3), with
significantly oceanic crust, and that of intermediate density, 3.09 g/cm3. The latter covers a
part of the section starting from the northern framing of the Okinawa Trough to the Ryukyu
Trench. The analogous density subdivision of the crust by types is not seen. A decrease in
the density of about 0.10 g/cm3 is established in the subcrustal part of the lithosphere
beneath the northern part of the Okinawa Trough. The asymmetric cone-like unconsolidation
area, that of the truncated top, is discerned in the northern part of the section to which the
location of the Sinji-Taiwan fold belt corresponds. Being expanded downward, the
unconsolidated area makes continuation down to the asthenosphere. The southern part of
the unconsolidation area is more moderate as compared to the northern one and testifies to
a clearly expressed tendency of superimposition of the material layers with higher density
from the south as in the crust so in the subcrustal mantle. The inclined boundaries of the
density heterogeneities are distinguished also beneath the middle part of the Okinawa
Trough and in the zone of juncture of the oceanic crust of the West-Philippine Basin with the
island arc one. In the density section the Ryukyu trench is not clearly discerned. This is
related to the fact that the profile under consideration crosses the island arc and the Ryukyu
trench in the area of their degradation as the morphological structures. Low density is
observed for the southern slope of the Ryukyu arc Aeyama Ridge. South of the Ryukyu arc
there exists the asymmetrical negative anomaly of the geoid surface as its submerging of the
order of 10 m. The area of the maximum subsidence is located between the axes of the
Nanao depression and the Ryukyu trench, that is, it corresponds completely to location of
the Aeyama Ridge. The lack of compensation masses as in the subcrustal part of the
lithosphere, so beneath it, testifies that the gravity instability is mainly related here to the
crust and its aqueous loading, and it is not compensated by the subcrustal mantle.

JSAO07-Posters Friday, July 11

REGIONAL CRUSTAL MODELS BASED ON SEISMIC,
ELECTROMAGNETIC, POTENTIAL FIELD, AND GEOTHERMAL
STUDIES (IAGA, IASPEI)

Location: Site D

Friday, July 11 AM
Presiding Chair: J.V. Korhonen

JSA07/11A/D-001 Poster 0830-001

STRUCTURE AND GEODYNAMICS OF THE EARTH'S CRUST AND UPPER MANTLE OF
JAPAN AND PHILIPPINE MARGINAL SEAS ACCORDING TO THE COMPLEX OF
GEOLOGICAL AND GEOPHYSICAL DATA

Gulya GILMANOVA', Ruslan KULINICH', Lev MASLOV? ("Pacific Oceanological Institute Russian
Academy of Sciences, Vladivostok, RUSSIA, *Computing Center of the Russian Academy of Science,
65, Kim Yu Chen Str.,)

The gravity modeling as well as mechanical stress simulation has been carried out along two
profiles: the latitudinal profile (~N21.5°) stretching from the West Philippine Basin to South
China Sea and the profile across the Sea of Japan stretching from the Siberia Seamount
(NW part of the Sea of Japan) to the Yamato Rise. Density models of deep sections were
constructed as the solution of the inverse gravimetrical problem with restrictions due to
seismological data. The density inhomogeneities of the crust were considered as the source
of volumetric force and, consequently, mechanical stress in the medium. The stress
distribution in the crust and upper mantle of profiles was obtained as solution of the
corresponding mechanical problem. Geoid's height anomalies and magnetic data have been
used for a comprehensive study of the area under consideration. Gravity modeling results,
as well as results of geodynamic simulations, has been interpreted on the basis of tectonic,
morphostructural, compositional and seismological characteristics of profiles. The results
obtained allow us to conclude that numerous peculiarities of recent geodynamics, tectonic
structure and geophysical fields are determined mainly by density heterogeneities of the
crust and upper mantle in these active areas. It is shown that geodynamics of the Philippine
Sea profile is determined by a relaxation process of the mantle bulge of the West Philippine
Basin and smoothing out of the deep density and topography inhomogeneities in the gravity
field of our planet. In the Sea of Japan the Earth's crust zoning for genetic types is specified.
Areas with different modes of mechanical stress and movements of the crust-mantle matter
flow are determined. Downward matter flow takes place on the continental shelf edge and
slope of the Primorye region. Deep-see Japan Basin is characterized by a descending
movement of the crust-mantle masses. Ascending movements of the mantle material prevail
in the Yamato Rise area. The lateral component of the vector flow field in the same area
speaks in favor of unilateral closure of the Sea of Japan.
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LATERAL VARIATION OF THE LOWER CRUST COMPOSITION BENEATH NORTHERN
MARGIN OF SOUTH CHINA SEA

Yang WANG (School of Earth Sciences and Resources, China University of Geosciences, Beijing,
100083, China)

The lower crust composition of northern margin of South China Sea (SCS) was inferred from
the P-T corrected seismic velocity structure, which is based on the seismic refraction profiles
and the geotherms derived from downward continuation of heat flux as well as the cooling
plate non-steady heat transfer model. The result shows a significant lateral variation of lower
crust velocity beneath the northern margin of SCS. The thick high velocity ( >=7.0 km/s)
lower crust exists in the eastern and middle portions of the margin. Meanwhile, the velocity
of lower crust in western portion is in range of 6.5-6.8 km/s. The lithology of lower crust in
eastern and middle portions was inferred as mafic garnet granulite, or the mixture of mafic
granulite and upper mantle rocks. The composition of lower crust in western portion is the
mixture of felsic lithologies and mafic granulite, with a tendency of increasingly mafic
component with depth. Since the variation of crustal properties are believed to result
primarily from contrasting, pre-rift crustal structure across the margin (Nissen et al, 1995,
JGR, v100, 22407), we proposed that the composition-related rheological heterogeneity of
lower crust had influenced the basin evolution in northern margin of SCS. The ability of
crustal rock to flow affects the style and kinematics of rifted region (Bertotti et al,
Tectonophysics, 2000, v320, 195). No flow occurred in the relative rigid eastern portion of
the margin, and subsidence affected the extending areas to form the Pearl River Mouth
basin. However, the felsic lower crust beneath Xisha Trough of western portion could not
prevent the flow to take place. The lower crustal rocks move towards the rifted zone causing
isostatically driven upward movements. These may explain why Xisha Trough has thin post-
rifting sediment, and failed to develop into the stage of sea-floor spreading.

JSA07/11A/D-003 Poster 0830-003

A STUDY ON THE CHARACTERISTICS OF DIFFERENCE ARROW BY THREE-
DIMENSIONAL MT(MAGNETO-TELLURIC) MODELING

Junmo YANG', Seokhoon OH', Duk Kee LEE', Heuisoon LEE?, Yong-Hoon YOUN!
('Meteorological Research Institute, Korea Meteorological Administration, *Department of Science
Education, Inchon National University of Education)

We perform the three-dimensional MT (Magneto-Telluric) modeling to examine the validity of
difference arrow of GDS (Geomagnetic Depth Sounding) survey. In this study, we investigate
the validity of the difference arrow on three configurations of conductors; which are located
1) at a surface, 2) at a deep part and 3) vertically extended from surface to the deep part,
respectively. For conductors located at the surface, the validity of difference arrows is
certified by our numerical model when long periods over 40 min are used or the distance
between conductor and sea is over 150 km. However, for conductors located at the deep
part, mutual coupling between conductor and sea decreases comparing with that of
conductor located at surface. And the increase of the buried conductor size reinforces the
mutual coupling. Moreover, the conductor vertically extended from surface to the deep part
enhances the mutual coupling for all periods, so that this case makes the validity of
difference arrow considerably in doubt even for long periods. Therefore, the mutual coupling
between conductor and sea must be examined to remove the known conductor effect such
as the sea effect from the observed induction arrow. And the difference arrow that certifies
the validity in this way can only provide meaningful support for subsurface information.

JSA07/11A/D-004 Poster 0830-004
3-D CRUSTAL VELOCITY TOMOGRAPHY IN SOUTHERN KOREAN PENINSULA

Qinghe LI', So Gu KIM, Yuansheng ZHANG ('Seismological Bureau of Jiangsu Province, China
Seismological Bureau, *Seismological Institute of Korean, Hanyang University, Korea, *Lanzhou
Institute of Seismology)

A new technique of simultaneous inversion for 3-D seismic velocity structure by using direct,
reflected, refracted waves and the genetic algorithm for optimization applied to the southern
Korea Peninsula. The 1223 of Pg, Sg, Pm, Sm, Pn, Sn arrival times of 197 events are
inverted for locations and crustal structure. 10”10 blocks with about 0.5° and 7 layer (4km
each layer) model was inverted. 3-D seismic crustal velocity tomography including 7 sections
from surface to Moho, 18 profiles along latitude and longitude, Moho depth distribution were
got. The results demonstrate: (1). The average velocities of sediment is 5.04km/s, thickness
of are 3-4km, the velocity of basement is 6.11km/s/;(2). The velocities fluctuate strongly in
the upper crust. The velocity distribution of lower crust under Conrad appears basically
horizontal; (3). The average depth of Moho is 30.4km and velocity is 8.01km/s;(4). From the
sedimentary depth, velocity of sediment, basement thick and velocity, form of upper crust,
Moho depth and form we can find the obvious difference among different geological
province. (5). The difference of crust structure between continent and ocean is obvious.. (6).
The dynamic process and evolution for eastern Asia was analysed.
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COMPLEX OF GEOPHYSICAL

Sergey Eduardovich SMIRNOV, Alexandr Vladimirovich BUZEVICH (Institute of Cosmophysical
Researches and Radio Wave Propagation Far Eastern Branch Russian Academy of Sciences)

Specialized hardware-software complex (SHSC) is intended to solve a wide range of tasks,
in particular: to study the influence of solar activity on the processes in the upper and lower
atmosphere and their connection with the geodynamics of the earth’s crust in the Kamchatka
region; to solve the problem of allocation and distinction of short-term and operative
electromagnetic earthquakes” precursors.The kinds of observations were chosen so as to
reveal the whole chain of cause and effect connections from the source of disturbance to the
litospheric response of the earth. These are the H, D, Z components of the magnetic field of
the earth, which allow to reveal the effect, connected with the active sun formations and their
reflection in the Earth’s ionosphere. It is the level of space absorption of radio noise at the
frequency of 32 MHz, which reflects the reaction of the D-stratum of the ionosphere in
connection with the galactic influence and solar cosmic rays.These are the low-frequency
barovariations in the atmosphere, which allow to judge about the character and the level of
turbulence in the lower atmosphere.lt is the vertical component of the electric field in the
near-ground stratum of the atmosphere and the electrical conductivity of the near-ground
stratum of the atmosphere. These are the measurements of the emanium level of Radon,
which allow to reveal geodeformational processes in the possible earthquakes centers. It is
the registration of meteoparameters. SHSC can solve the following tasks:Data gathering and
processing from 16-channel GSP with the interval from 1 second and more.The removed
monitoring of DSP data in real time received from other computers of local computer network
(LCN).The organization of the all the received data for the further processing and
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archiving.Automatic generation of samples on the given interval of averaging and
transformation of the data by E-mail.Automated data processing received by E-mail. The
complex includes a set of service programs:1. The program of the operative exchange of
messages.2. The program of the notification in case of malfunctions of operation of any kind
of measurements.3. The program of the measurements correctness for each kind of
measurements.4. The program of data sampling for each kind of measurements.5. The
program of data’s visual presentation.6. The program of the measured data correction.7.
The program of time shifts correction.8. The program of SMS-message sending to the GSM-
phone in case of observations stops.The system has functioned since November, 1996,
registering geophysical fields with the interval of 2 seconds on 12 information channels, and
it has proved to be reliable and stable. The complex is easily scaled. On the basis of this
complex the method of the earthquakes” forecast “The method of the phase picture” was
worked off. According to this method 6 earthquakes of the energy class more than 13.0 were
officially predicted.

JSA07/11A/D-006 Poster 0830-006

3-DIMENTIONAL DETAILED MODEL OF THE STRUCTURE OF THE COASTAL SHELF
IN THE SOUTH-EAST AQUATORY OF THE EAST-SIBERIAN SEA AND THE ROLE OF
PROCESSES OF BASIFICATION IN THEIR FORMATION ( INTERPRETATION OF THE
GRAVITY DATA)

Yury Ya. VASHCHILLOV, Vladimir Ye. GLOTOV, Tamara P. ZIMNIKOVA, Victor V.
LYUBOMUDROV, Olga V. SAKHNO, Irina P. TSYGANKOVA (North-East Interdisciplinary
Scientific Research Institute FEB RAS)

The work has been done by the financial support of RFFI (project 02-05-64010). 3-D density
and structural-substantial models of lithosphere of the coastal shelf were created by the
methods of new gravity interpretation. Maps of gravity anomalies in the Bouguer reduction
with the net of observations points on sea ice approximately 2x2 km were use for
quantitative interpretation.. The geological and petrological interpretation was given for the 3-
dimentional density model. It is represented by the scheme of block tectonics, system of
horizontal sections at depths of 1, 6, 10, 20, 30, 40, and 60 km (gravity tomography) and by
the three vertical section. On the scheme of faults and blocks (density heterogeneity)
calculated depth of roots of most faults and blocks change from 8-10 km down to 65-70 km.
Meridional North-Aionsky fault, which is stretched along meridian 168° 35" e.l., has
calculated depth of root not less than 65 km. Density horizontal section at the depth of 1 km
is transformed into the geological map-scheme with the age classification of rocks. Diapason
of density change on 6-km horizontal section change from 2680 up to 2930 kg/m?. Both
weakly metamorphosed sedimentary rocks with the density about 2680 kg/m* and dense
basites are represented within this diapason. To the east of the North-Aionsky fault, roof of
basite layer is situated on depth 6 km and more. The thickness of the Earth’s crust is 38-40
km here. Rocks of basite type prevaile at horizontal section of 10 km; basites and basite-
hyperbasites - 20 km; rocks of basite-hyperbasite type of the lower parts of the Earth’s crust
with the calculated density of 3000-3160 kg/m? prevail at horizontal section 30 km.
Undercrust substance with the density more than 3200 kg/m?, that is characteristic for the
deep ultramafites, occurs lower than 40 km. The crust with great thickness of basite and
basite-hyperbasite layers occurred as a result of the Late Mesozoic basification of
continental crust. During the cooling, very density solidified lithosphere undergone lowing as
a result of the thermoisostasy. To west of North-Aionsky fault, crust and lithosphere for the
depths down to 65 km have less density. The crust has the typical continental character of
composition with the developed “granitic” layer. The lowing of the Earth’s surface took place
here because of lower lithosphere parts density increasing.

JSA07/11A/D-007 Poster
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Svet Yurievich MILANOVSKY (Institute of Physics of the Earth RAS)

In this work we present some results obtained during years of case geothermal study of
Precambrian continental crust based on superdeep drilling, DSS and gravity field in Russia.
The main objects discussed below are: 1) Results of heat flow study in Superdeep Kola
Hole; 2) Investigations of hydro-geothermal regime in the upper crust; 3) Radiogenic heat
generation data for Kola Hole; 4) Heat generation model for Precambrian crust based on
deep drilling; 5) Geothermal, DSS, petrological and gravity study of the exposed high
metamorphic terrains. Presented results are a part of the program to investigate geothermal
field in Precambrian crystalline crust. The reason for such study was the possibility to do
hydro-geothermal observations in the deepest hole in the world - Kola SG-3 and in many
prospecting boreholes surrounding it (in relatively small area 6-7 km2 - on nickel deposit
«Verhnee»). It was established: 1) Increasing with depth thermal gradient and heat flow
density; 2) Negative-correlation between filtration coefficient and geothermal gradient; 3)
Existence of exogenous zone in the upper crust containing free meteoric water; up to
2000m; 4) Space heterogeneity of geothermal and filtration parameters for the upper crust
reflecting anisotropy of transport and hydraulic properties of the rocks in the upper crust; 5)
Relationship between hydro-geothermal field heterogeneity and stress field in the crust.
From the analysis of U, Th and K distribution in the Kola borehole section, the radiogenic
heat generation value has been estimated to a depth of 12064 m and, using the calculated
composition of deeper zones. The total crustal radiogenic contribution to a depth of 12064 m
is estimated at 9.7 mW+m-2. Detailed studies of U, Th and K in Achaean sections from other
deep boreholes on Russian Plate as well as data for the Earth’s oldest rocks from the
published literature have been incorporated into a heat generation model for the granite -
gneiss (12 - 20 km), gneiss-granulite (20 - 30 km) and the lower-most primary crustal or
autochthonous restite (30 - 40 km) layers of the Precambrian crust. For the area of Anabar
Shield we investigated geology, seismic, gravity and thermal fields. The Earth crust of
Anabar presents a relict of most ancient sialic cover of the Earth. Our interest for the study
granulitic terrains is coursed by the possibility to see the inner structure of the deep eroded
crust from the surface geology and in the same time to study it with geophysical technology.
Gravity field of the crust within Anabar is characterized by linear maxima, which are oriented
in NW-SE direction and coincide with zones of granulites. 3D analysis of gravity field gives
the same direction of inclination of high density blocks in the crust that was found from
surface geology and seismic model along DSS profile “Shpat”. Thermal field of the Anabar
Shield is characterized by very low heat flow. The average crustal heat generation was
estimated to be 0.36 mkWm-3. The present-day crust being a possible model for the
consideration of the lower crust.

JSA07/11A/D-008 Poster 0830-008
GEOELECTRICAL DEEP STRUCTURE OF PRIMORYE REGION REVEALED BY
MAGNETOVARIATIONAL INVESTIGATION

Sergey Stanislavovich STARJINSKY (V. I. Il'ichev Pacific Oceanological Institute Far Eastern
Branch Russian Academy of Science, 43 Baltiyskaya Str., Vladivostok 690041, Russia.)

The magnetovariational studies were carried out in Primorye territory at 10 sites.On the
basisof this investigation the geomagnetic coast effect at this region was studied and
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geomagnetic transfer functions, real and imaginary induction arrows were estimated. The
orientation of the real induction arrows in a short period range reveals a linear conducting
zone in upper crust extended from Khanka lake to the Amurskiy bay. All sites are
characterized by strong geomagneticeffect. In order to find the reason of geomagnetic effect
we have used the forward digital 2D electromagnetic TE mode modeling for two dimensional
data and found that this effect can not be explained only by the conductivity of the sea water
layer. Then we test a different models of the deep geoelectrical structure (GS) in the vicinity
of the site in order to minimized the misfit between calculated and observed geomagnetic
transfer functions. The model with minimum misfit was accepted as a final result. Using a
such approach we have taken a three models of deep GS: two for coastal sites and one for
shore-inland profile, including a third shore site located near Vladivostok city. The last model
is characterized by a presence of conductive layerunder sea at 15 to 140 km depth relative a
sea level with resistivity p = 5 Ohm.m, dippingin inland direction. At a depth greater than 140
km under sea it was necessary to allow a block with p = 1000 Ohm.m to minimize a misfit at
long periods. In north-east direction fromthis profile on a shore site Kiyevka bay model
includes a conductive layer under sea at 47 to 140km depth with p = 1 Ohm.m vertically
bounded by land layer with p = 1000 Ohm.m. Deeper than 140 km under land resistivity is 10
Ohm.m and at the same depth under sea 1000 Ohm.m. The last site section was modeled
near the Olga bay has infinitely deep layer under sea floor with p =10 Ohm.m and a roof at 7
km depth. In shelf field this layer has a vertical border with two land layers having
resistivities 1000 Ohm.m and 10 Ohm.m, from up to down . The thickness ofthe first layer is
140 km. The general property of all models is a powerful conductive layer beneath the sea
bottom near the coast of Primorye territory. It is in accordance with the anomalously high
heat flow at a sea floor this region while at the continent it is normal.

JSA07/11A/D-009 Poster 0830-009

3-D SHALLOW CRUSTAL SHEAR VELOCITY STRUCTURE AROUND THE SOURCE
REGION OF THE 1999 CHI-CHI (TAIWAN) EARTHQUAKE DERIVED FROM SHORT-
PERIOD SURFACE WAVE DISPERSION DATA

Guey-Kuen YU', Guey-Kuen YU', Ruey-Der HWANG?, Wen-Yen CHANG’ ('Department of Civil
Engineering, Van-Nung Institute of Technology, Chungli, Taiwan, *Center of General Education,
Hsing-Kuo University, Tainan, Taiwan, *Department of Natural Science and Mathematics, National
Science Council, Taipei, Taiwan)

A detailed 3-D shallow crustal shear velocity structure around the source region of the 1999
Chi-Chi earthquake is derived in this study by inversion of short-period Rayleigh-wave
dispersion data. The result shows that the Chelungpu and Shuilikeng faults are two main
boundaries to clearly divide the source region into three different geological provinces. Shear
velocities increase systematically from west to east, reflecting the geological features around
the source area. Velocity heterogeneity on the eastern side of the source region is stronger
and more complicated than that on the western side. This result agrees fairly with the thin-
skinned thrust model interpretation. Furthermore, this study may also imply that the Chi-Chi
earthquake is probably initiated not only near the border on which large velocity gradient
varies, but at the position where the dip-angle of the fault is changed from sharp to gradual.

JSA07/11A/D-010 Poster 0830-010

VELOCITY STRUCTURE OF NORTHERN PART OF ATERA FAULT SYSTEM, CENTRAL
JAPAN

Makoto OKUBO', Harumi AOKI', Masazumi ONISHI* ('Tono Research Institute of Earthquake
Science, Association for the Development of Earthquake Prediction, 2JGI, Inc.)

The Atera fault system, extending more than 70km northwesterly in central Japan is knows
as a prominent active fault with left-lateral offset of 7km, a vertical of 700m and crush zone
width of 300m at maximum. According to the strip map of Atera fault system (GSJ, 1973),
the northern part of the fault system consists of three parallel active faults, Kowachi,
Yugamine and Gero fault. However the southern extensions of Yugamine and Gero are not
clear. Therefore, TRIES (Tono research institute of Earthquake Science) directed the
reflection/refraction survey across these faults in 2000. Along with the general reflection
survey with vibrator, a new technique, named ‘ground-level tomography’, was tried along
two parallel observation lines, across the faults. The velocity distribution near the surface
between two observation lines can be analyzed using a cross-well tomography technique. In
same experiment, clear side-reflections from the fault plane were frequently observed on
field records. The inclination of fault plane could be suggested from the appearance and
disappearance of side reflections. A refraction survey was also executed with explosive
sources for the survey of deep structure. Some of field records were used for the
simultaneous determination of time-terms and basement velocities. A new graphic method
was successfully adapted in this case. The velocity distribution deduced from ground-level
tomography, the distribution of time-terms / shallow reflectors and the faults location
provided us with a model of faulting. A sharp velocity contrast between fault zone and
outside of it suggests a pull-apart structure in the northern part of Atera fault system.

JSA07/11A/D-011 Poster 0830-011

3D CRUSTAL DENSITY STRUCTURE AND ITS GRAVITY ANOMALY OF CENTRAL
TAIWAN

Jian ZHANG' ('The Graduate School of the Chinese Academy of Sciences, ‘Department of Earth and
Planetary Science University of California, Berkeley, *The Graduate School of the Chinese Academy
of Sciences, ‘Department of Geophysics Peking University, *Department of Earth and Planetary
Science University of California, Berkeley)

Taiwan is a mountainous island that rises locally to ~4 kilometers. It wasformed since the
late Cenozoic, with the oblique collision between the Luzonvolcanic arc on the Philippine
Sea plate and the China continental margin.The prevailing structural trend in Taiwan is that
of an elongated arc convexto the west. Northeast of Taiwan, the Philippine Sea plate
subducts northwardbeneath the Ryukyu arc-trench system. South of Taiwan, the oceanic
crust ofthe South China Sea is subducting eastward beneath the Philippine Sea plateat the
Luzon arc. Our study focuses on the central section of Taiwan becauseit is away from the
subduction zones and thus offers a simpler picture on thecollisional mountain-forming
tectonics. We construct a 3D crustal density model in central Taiwan from theavailable
seismic velocity. Since density and seismic velocity of crustalrocks are closely related (e.g.,
Birch, 1961; Christensen and Mooney, 1995),it is reasonable to construct the 3D model for
the crustal density in centralTaiwan on the basis of the available seismic velocity and an
empiricalvelocity-density relation. 3D tomographic P-wave velocity structures forTaiwan have
been published by Rau and Wu (1995) and Cheng (2000). Our studyuse Cheng’s
tomographic velocity model because it was specifically designedfor central Taiwan. The
model was based on a simultaneous inversion 0f24,230 P-wave travel times from 2,582
events, as recorded by the CentralWeather Bureau seismic network. This velocity model is
converted to a densitymodel by using an empirical relationship between velocity and
density.The empirical relationship is obtained by fitting the experimental datapresented by
Ludwig et al. (1970) for both crystalline and sedimentary rocksat Vp > 2 km/s. Next, we
calculated the gravity anomaly of the 3D densitymodel. The contribution of the 3D-density
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model to the gravity anomaly iscalculated with the finite element method. In this study we
represent thecrustal block in central Taiwan by a finite-element mesh of 76,500
elements,each 2x2x2 km3 in size. Since the average density does not contribute togravity
anomaly, we subtract the average density of each horizontal layerfrom the initial density
model, leaving only the density difference. The result shows that the calculated gravity
anomaly for the densitymodel are negative values on the western side of the island,
reflecting therelatively low density of the sedimentary rocks, and positive values on
theeastern side, reflecting the relatively higher density of the metamorphicrocks and the
crystalline basement. Beside, there is a curstal root beneaththe Central Range. Southern of
Taiwan, the crustal root trends NNE and liesdirectly beneath the Western Central Range. At
higher latitudes, however, thecrustal root turns clockwise towards NE to lie beneath the
Eastern CentralRange.Acknowledgement. This work was supported by NSFC
(N0.40074022, 40174027) and NSF (No.EAR-01-06802).
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CORRELATION BETWEEN STRONG EARTHQUAKE ACTIVITY AND ACTIVE
CRUSTAL-BLOCK IN CHINA MAINLAND AND ITS ADJACENT REGIONS

Hongsheng MA, Guomin ZHANG, Jie LIU, Li LI (Center for Analysis and Prediction, China
Seismological Bureau, Beijing 100036, China)

By the hypothesis of the active crustal-block and based on the research of the active crustal-
block, the correlation between strong earthquake activity and active crustal-block, in China
mainland and its adjacent regions, has been discussed in this paper. The results show that
large tectonization and strong earthquakes mainly occur on the active crustal-block
boundaries. All the huge earthquakes over Ms 8 and 86% strong earthquakes over Ms 7
cluster on the active crustal-block boundaries which only occupy 17% space of the whole
area. The active crustal-block boundaries have controlled almost all the strong earthquakes
in China mainland and its adjacent regions. In general, not only strong earthquake activity
shows notable rhythm, but also the active and low phases are similar to those of China
mainland. Sometimes, the active periods of strong earthquake in some cycles are longer
than those of China mainland. The main areas of strong earthquake activity for each seismic
cycle show that active crustal-block moves differently in different seismic cycle. Based on
present crustal movement, the potential correlation between active crustal-block movement
velocity and strong earthquake activity has been discussed in this paper. Key words:
hypothesis of the active crustal blocks active crustal-block boundaries strong earthquake
activity active crustal-block movement velocity.
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LITHOSPHERE ELECTROMAGNETIC WINDOWS: SPATIAL DISTRIBUTION,
CONSTUCTION, PROPERTY

Yuri Buddich BASHKUEV, Valery Bazheevich KHAPTANOV, Darima Garmaevna BUYANOVA,
Mikhail Georgievich DEMBELOV (Buryat Scientific Center SB RAS)

The report is devoted to the detail study of electrical properties, construction and spatial
distribution of lithosphere electromagnetic windows on the Earth. We call the
electromagnetic windows as areas of the upper part of the earth crust with very low electric
conductivities (10* + 10° Sm/m) that have sizeable squares. As a rule, they correspond to
crystal massifs of the rocks on the earth surface. The crystal massifs as prominences on
daytime surface of the high-resistance fundament are studied very insufficiently because of
difficult of soundings on direct current and limited frequency range for MTZ method. In this
time regions that have low electric conductivities (10+10° Sm/m) occupy sizeable territories
(on our estimations - up to hundreds kilometers in length and width). These spots with low
electric conductivities are commensurable with ionosphere conductivity and can play an
important role in the global electric chain, in particular, when we consider mechanisms of the
lithosphere-atmosphere-ionosphere interaction. Our investigations and fund materials on
electric exploring in the East part of the Russia (Zabaikalie, Aldan and Anabar shields and
etc.) show that crystal massifs with very low electric conductivity are least studied objects as
a white spot. In the report an approach based on registration in calculating models of an
essential inhomogeneity of electrical properties of the earth crust in the depth direction and
on square (3-dimensional geoelectrical model) is developed. We decided the problem of
research of electric properties of crystal massifs by means of methods using artificial and
natural fields in more high frequency range from ULF-ELF to LF-HF. A possibility to study of
electric conductivity and dielectric permeability of the medium and higher precision of its
measurements when radiostation fields and other artificial sources are used is as an
advantage of such approach. It is necessary to note that methodology of magnetic telluric
and radio impedance soundings are common. Thus, a big volume of experimental and fund
materials is obtained, summarized and analyzed. An elaboration of models that describe
electric condition of the upper high resistance part of the earth crust (maps and sections) is
made. The main results: 1) a method of search of earth crust areas with assigned electric
characteristics is developed to discover territories with high resistance of upper part of the
earth crust; 2) a spatial disposition of the lithosphere electromagnetic windows on the globe
is defined; 3) electromagnetic sounding and profiling of crystal massifs of the east part of
Russia in ELF-VLF-LF ranges is made; 4) geoelectric models of upper high resistance party
of the consolidate earth crust for some regions of Zabaikalie, Aldan shield and Bureya massif
are created; 5) a method of definition of dielectric permeability of the crystal rocks in
conditions its natural dispositions is created; 6) geoelectric maps with different scales are
created for studied crystal massifs.

JSA07/11A/D-014 Poster 0830-014

DEEP GEOPHYSICAL MODEL FOR THE AREA OF THE KURILE-KAMCHATKA AND
ALEUTIAN ISLAND ARCS JUNCTION

Yuri F. MOROZ, Larisa I. GONTOVAYA (Institute of Volcanic Geology and Geochemistry, FEB
RAS)

The results of magnetotelluric sounding (MTS), seismic tomography and theircomplex
interpretation are described. The MTS interpretation has been made by application of the
present-day approaches taking into consideration the effect of local and regional near-
surface geoelectrical heterogeneities. Using 3-D numerical modeling of the magnetotelluric
field, the inversion of the MTS curves was carried out. As a result, a 3-D model of deep
electrical conductivity of the region has been obtained. Based on the DSS and seismological
data and using seismic tomography method, a 3-D velocity model for lithosphere has been
created. Based on the complex analysis of geoelectric and seismic models and other
geologic-geophysical information, the following peculiar features have been revealed in the
deep structure of the junction area of the arcs. At depths of 100-200 km, the upper mantle
hosts the astenospheric layer associated with partial melting of the ultrabasic rocks. The roof
of this layer forms a riseup to the depth of 80 km beneath the zone of the present-day
volcanism of the Kurile-Kamchatka island arc including the Klyuchevskay group of volcanoes
and the Shiveluch volcano. The rise is located above the seismofocal zone. It is connected
with a mantle source feeding present-day volcanoes. The lithosphere contains transverse
conducting zones of the Aleutian direction. Conducting zones are suggested to represent



deep faults with hydrotherms. The faults are the result of the arcs’ interaction. They may
serve as channels for the fluids supply from the Major Kamchatkan deep fault and from the
Pacific Ocean. One of such zones is distinguished within the earth crust at the depths of 10-
30 km. It goes through the Klyuchevskaya group of volcanoes. In this region this zone forms
a projection with anomalously low electrical resistivity. The low velocity anomaly of the
seismic waves continuing down to the astenospheric rise is confined to it. The anomalies are
connected with the crust magmatic source that is approximately 50 x 50 x 25 km? in size.
The occurrence of this source is a consequence of the magmatic melts supply fromthe
astenospheric rise and the result of the additional rock melting withinthe crust fault. By rough
estimates, the melt content in the crust sourceattains about 2%. The total volume of melt
ranges from 20 to 60 me. Another lithosphere transverse zone of low electrical resistance is
found at the extension of the Aleutian island arc. It is probably more than 100 km long. Low
electrical resistance may be due to the hydrothermal solutions filling rock fissures. The low
velocity anomaly within the low parts of the earth crust is confined to the western area of the
zone. This anomaly is associated with the crust magmatic chamber feeding the Shiveluch
volcano.

JSA07/11A/D-015 Poster 0830-015

THE RELATION BETWEEN MOVEMENTS AND DEFORMATIONS OF ACITVE
CRUSTAL-BLOCKS AND SEISMOLOGY IN EAST ASIA

Hui WANG', Guomin ZHANG', Yun WU? (‘Center of Analysis and Predict, China Seismology
Bureau, *Seismology Intitute, China Seismology Burear)

Based on the hypothesis of active crustal-blocks in China and its adjacent region, used GPS
(Global Position System) survey results and the method of DDA (discontine deformation
analysis) on spherical surface, the present-day movements and deformations of each active
crustal-blocks were calculated. The results show that although the movement and
deformation of each active crustal-block in east region and in west region were different, the
blocks in the same region were coherent.For the boundary zones of active crustal-blocks
were consisted of rupture zones, the relative velocities of boundary zones can be looked as
rupture zones” velocities. The model results were coherent with geological results.From the
kinetic character of boundary zones, the rupture zones can be classed to three type: creep
rupture zones, locked rupture zones and mixed rupture zones. When the strong earthquakes
in last ten year in this region were considred, the conclusion can be drew that the most
strong earthquakes occupied in rupture zones and although the velocitied of mixed rupture
zones were not the biggest, the strain energy can concentrated easily in that region, the
strong earthquake occupied more offently.

JSA07/11A/D-016 Poster
GRAVITY ANOMALIES OF THE HOKKAIDO ISLAND, NORTH JAPAN

0830-016

Masao KOMAZAWA'!, Hiroshima TOSHIO!, Yasuaki MURATA', Masahiko MAKINO?, Rie
MORIJIRI', Kazunari NAWA' ('Institute of Geoscience, Geological Survey of Japan, AIST,
Research Center for Deep Geological Environments, Geological Survey of Japan, AIST)

Bouguer gravity anomaly map of the Hokkaido Island that has been compiled from about
84,000 land gravity measurement data and a lot of shipborne gravity data of surrounding
area. All measured gravity data were referred to the International Gravity Standardization
Net 1971 (IGSN71), and the normal gravity values were estimated according to Gravity
Formula 1980. Terrain corrections were conducted with respect to the distance range up to
60 km by approximating the real topography to an assemblage of annular prisms
interpolated by mesh terrain data and random terrain data of gravity points. The effect due to
the earth’s curvature was taken into consideration. Bouguer corrections within the range of
60 km in arc-distances were made using a spherical cap crust formula. The features of
gravity anomalies, Bouguer anomalies, are as follows. In the central part of Hokkaido, a
remarkable high gravity anomaly runs north to south along a line that extends from the
Hidaka Mountains through the district of Asahikawa and east of the Teshio Mountains to
Hamatonbetsu. This gravity anomaly coincides with the collision zone between the Kurile Arc
and the Northeast Japan Arc and is associated with exposures of high-density mafic igneous
and metamorphic rocks derived from the deep crust. The gravity high is paralleled on the
west by a north-south-trending gravity low that extends from the Hidaka Basin through the
Ishikari Lowland, Yubari Mountains, Takikawa Lowland and Teshio Mountains to the Teshio
Plain. This low gravity anomaly is associated with deep basins that are filled with Neogene to
Quaternary age sediments. The Hidaka basin occurs in a large-scale crustal downwarp that
formed in advance of a thick sheet of deeper crustal rocks which were thrust over the
surface by the westward movement of the Kurile Arc. The negative gravity anomaly
associated with this basin reaches -100mGal, which value is similar to the gravity low
associated with a large depression on the backside of the uplifted crust along the coast of
Tokachi. Another distinctive gravity high is observed over the Kabato Mountains and the
west side of the Ishikari Lowland. This high anomaly is associated with widely distributed
high density Late Oligocene to Quaternary volcanics. The complicated patterns observed in
this gravity anomaly are associated with uplifted and downthrown areas within the underlying
basement. Northeast-southwest-trending oval-shaped gravity lows are observed around
Obihiro and along the Daisetsu Range in central Hokkaido. The gravity low around Obihiro is
interpreted to be result from a 2-km-thick sequence of relatively low-density sediments.
However, Mts. Daisetsu, Tomuraushi and Tokachi-dake, which constitute the Daisetsu
Range, are volcanoes composed largely of andesite. Thus, the low gravity anomaly is
interpreted to result from subsidence of the basement beneath these volcanoes. A positive
gravity anomaly that reaches 200mGal in value extends from the district of Kushiro to the
Habomai Islands. The region coincides with Cretaceous sedimentary rocks distributed along
a fore-arc highland. However, the region is also associated with a high magnetic anomaly,
which implies that high-density mafic igneous rocks probably underlie the Cretaceous
sediments.

JSA07/11A/D-017 Poster 0830-017

HIGH BOUGUER ANOMALY MEASURED NEAR AND AROUND THE YAMASAKI
FAULT, SOUTHWEST JAPAN

Fumiaki TAKEUCHI, Kazuo MATSUMURA, Kajuro NAKAMURA, Kunihiko WATANABE
(Disas. Prev. Res. Inst., Kyoto Univ.)

We measure gravity values near and around the Yamasaki fault, Hyogo, Okayama and
Tottori, southwest Japan, from 1984 to 1999, to develop the regional structure. The total
length of this fault is about 90 km, some of the longest ones in Japan. However, it is divided
into some sub-faults, Ohara, Hijima, Yasutomi and Kuresaka-toge from west to east. The
regions of these faults are some 10 km northwest of Kobe Earthquake in 1995 (Mj7.2) and
about a hundred km southeast from the Western Tottori Earthquake 2000 (Mj7.3). It is also
said that Harima-Yamashiro Earthquake 868 (M >7) near the faults. So many
microearthquakes are occurring nowadays along the strike (WNW - ESE), especially a M5.6
earthquake with many aftershocks occurred in 1984 very near the Kuresaka-Toge fault.
Almost all microearthquakes occur in depth from 0 to 20 km. The Yamasaki fault is left
lateral, and the horizontal displacement is totally 50 - 400 m depending upon the region. Our
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first aim is to decide the structure of the fault by gravity measurement data. We mainly use
G615 LaCoste-Romberg gravimeter (G615) for observation. The measuring point intervals
are usually set as 500-2000 m, and in many cases they make traverse lines to the fault. The
observation points are usually selected from the points where the latitude, longitude and
height values are shown in the 1/25,000 maps (Geographical Survey Institute). However, if
such kind of data is unable to obtain, we use maps from local governments. Then we obtain
data from 968 points, and other 987 data from Metal Mining Agency of Japan. Then our data
cover almost 20 km width through the fault. Using these data, we calculate the Bouguer
anomaly by setting density to be 2.67 g/cm®. The result shows that the Bouguer anomaly is
somehow bigger near the fault than other regions, which is anomalous to other faults. In
order to make this fact clear, we collect 35 stones from points around the fault, mainly from
the stream beds or slopes of mountains. After carrying back them to our laboratory, we
saturate them with water to measure the density. The values show 2.44 - 3.04 g/cm®. By
using these values, we calculate the upper crustal structure by 2-dimensional Talvani
method. It shows a similar results as the upper one (density 2.67 g/cm?®), however, this
makes much clear the depth and width of high density areas. The widths of high density
areas are a few km and their depths distributes 500 - 5,000 m depending on the fault
location.

JSA07/11A/D-018 Poster 0830-018
LOWER-CRUSTAL REFLECTOR BENEATH THE TAMBA PLATEAU, CENTRAL JAPAN

Hiroshi KATAO (Disaster Prevention Research Institute, Kyoto University)

Distinct later phases following direct S wave are observed in the Tamba Plateau, which is an
active microearthquake swarm area in northern Kinki District, Japan. These phases are
interpreted as reflected S wave from the reflector in the lower crust. The amplitude ratios of
reflected S waves to direct S waves are estimated to be 0.1-0.4. Even though the radiation
pattern is considered on the focal mechanisms, this amplitude ratio is vary high. In order to
explain such high amplitude of the reflection phase, S wave velocity contrast across the
reflector surface must be large, suggesting that the reflector is a surfaces of fluid layer. The
locations of reflectors are derived from more than 200 reflection phases. Depth of the
inclined reflector is about 20-25 km in the lower crust. The reflector is not parallel to the
horizontal cut-off boundary of shallow seismicity, and is dipping toward the north. The shape
of the reflector is related strongly to the deep structure and tectonic movement of the large
active fault: Arima-Takatsuki Tectonic Line. Since no Quaternary volcanic activities exist
around this region, these features of the reflector beneath the Tamba Plateau are different
from that of other mid-crustal reflectors found at volcanic regions in Japanese Islands.

JSA07/11A/D-019 Poster 0830-019

COMPLEX MODEL OF THE ONEGA REGIONAL MAGNETIC ANOMALY (RMA) IN THE
FENNOSCANDIAN SHIELD

Victor A. ZEMTSOV (Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, RUSSIA)

Continental RMA are caused, as a rule, by unknown magnetic field sources located at
various depths and are interpreted in different ways. Deep-seated rocks are known to have
high magnetization values in the extension zones of the Precambrian earth crust (to 5 A/m
on the Canadian Shield). On the contrary, RMA in fold belts, which are younger (for
example, in the Urals), are explained by subsurface magnetic sources, and the
magnetization of the lower crust approaches zero. The Onega RMA was filtered by means of
transformation of the total vector of the anomalous magnetic field at an altitude of 25 km. Its
center is located in the southeastern Fennoscandian Shield on the Zaonezhsky Peninsula of
Lake Onega. It has a round shape, slightly extended in a northwestern direction, and a
diameter of about 200 km. There is a local maximum at the altitude of transformation, and
the total RMA value can be as high as + 400 nT. This anomaly is presumably caused by
several magnetic sources distributed in two plutonic levels. One of them plunges to a depth
of 10 km and the other is deeper and more spacious. If the Curie boundary of magnetite here
coincides with the crust base (35 km), the magnetization of the upper column of the crust
would be 8.8 A/m. For the lower layer it would be 4.4 A/m, which seems unlikely. The Onega
RMA spatially overlaps the minimum heat flow anomaly (less than 20 mW per square metre),
which is unique in Europe. In this case, the Curie surface will always be deep in the mantle.
Available DSS data show a considerable rise in seismic velocity (to 8.4 km/s), which begins
here at a depth of 60 km. Also occurring in this area are the largest mafic rock intrusions,
breccia pipes and the Suisari plutonic volcanogenic complex. The complexity of the crust-
mantle boundary here is due to a special structure (SS) between the apparent crust and the
real mantle surface. Based on geological and geophysical data, a magnetic model of the
Onega RMA was developed. If we assume that the average magnetization of the lower layer
of the crust and (SS) rocks to a depth of 50 km is identical and homogeneous here, then the
magnetization of this block would be 0.7 A/m, provided the concentration of magnetite in the
rocks is about 0.05%. The model developed is, of course, an approximation to real
conditions.

JSA07/11A/D-020 Poster 0830-020

AN ATTEMPT OF INTERPRETATION IN PETROLOGICAL TERMS OF THE P- AND S-
WAVE MODELS ON THE SEISMIC REFRACTION LINE VRANCEA 99, ROMANIA

Victor RAILEANU', Franz HAUSER?, Andrei BALA', Claus PRODEHL?, Werner FIELITZ?
('National Institute for Earth Physics, Bucharest, Romania, *Geophysical Institute, University of
Karlsruhe, Germany., *Geological Institute, University of Karlsruhe, Germany)

A seismic-refraction line was recorded in 1999, in the southeastern part Romania, to study
the crustal and uppermost mantle structure underneath the Vrancea epicentral region. It is a
contribution to the joint German-Romanian research programme “Strong Earthquakes - A
Challenge for Geosciences and Civil Engineering” installed by the Co-operative Research
Center 461 at the University of Karlsruhe, Germany, in collaboration with various research
institutions in Romania. Data quality is very variable along the seismic line: it is better on the
southern half with signal-to-noise ratios decreasing towards north. In a first step of data
processing and interpretation, a P-wave velocity model was developed. It shows a multi-
layered crust with velocities increasing with depth. The upper part of the model delineates
the velocity structure of the sedimentary cover composed of the Carpathian Nappes, the
Neogene sediments of the Foredeep and the autochthonous cover of the Moesian Platform.
The upper and lower crustal layers are marked by constant velocities along their interfaces
and by a variable thickness. The model displays a thickened upper crust in the central part of
the seismic line, decreasing towards both ends. In a second stage a S-wave velocitymodel is
achieved. It displays about the same crustal structure as the P wave model as it keeps the
same depths of the crustal interfaces. Based on the Vp/Vs ratio a Poisson’s ratio model is
computed. It shows a larger variation of this parameter for the sedimentary cover (0.22-0.35)
and a narow range (0.22-0.25) for the crystalline crust. An interpretation in petrological terms
of the Poisson ratio model indicates the most probable rock types that could make up the
crustal section. Clay, marl, sand, sandstone, limestone for the sedimentary cover, granite-
gneiss and granodiorite for the upper crust and gneiss, greenschist facies basalt and
amphibolite for the lower crust. In the upper mantle Poisson ratio’s is 0.28. This value is well
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matched for the rocks in eclogite facies.

JSA07/11A/D-021 Poster 0830-021

NEW TRANSECT ACROSS MOSCOW SEDIMENTARY BASIN: DEEP STRUCTURE AND
HISTORY OF FORMATION REVEALED BY JOINT ANALYSIS OF GEOPHYSICAL DATA
AND SUBSIDENCE CURVES

Robert G. BERZIN', Arsen K. SULEIMANOV', Yury N. ANDRYUSCHENKO', Nadejda G.
ZAMOJNAYA', Elena A. KISELEVA’, Valentin O. MIKHAILOV® Ekaterina A.
PSHECHENKOVA?, Sergei A. TIKHOTSKP, Dina Yu. SHUR?, Mikhail V. MINTZ?, Tatyana N.
KHERASKOVA?® ('Spetsgeofizika enterprise, Moscow, Russia, *United Institute of Physics of the
Earth, RAS, Moscow, Russia, *‘Geological Institute RAS, Moscow, Russia)

Joint analysis of CDP reflection seismic data and data of gravity, magnetic and telluric
measurements has been performed for the new transect 1EV running across the Moscow
sedimentary basin. Obtained structure of sedimentary cross-section and crystalline
basement as well as new information on position and structure of Riphean grabens were
compared to the subsidence history from the Late Riphean to Carboniferous. Dense net of
seismic refraction and reflection profiles, numerous boreholes and other data have been
collected for the East European platform to perform a correction of the Bouguer anomalies
for known inhomogeneities, including corrections for the gravity effect of sedimentary layers
(taking into account laterally variable and depthdependent density of sediments), gravity
effects of the Moho discontinuity and Riphean grabens. As a result a set of gravity maps has
been constructed. These maps demonstrated fairly good correlation with crustal structures
revealed by 1EV transect. The density model of the deep crustal structure was constructed,
taking into account magnetic anomalies and telluric data. Joint analysis of this data set
results in tectonic and compositional interpretation of the crustal structure. In particular,
seismic data imaged a synform (syncline type) structure in the central part of the Moscow
basin. An outer layer of this synform has lower density and composed of very low resistivity
and weakly magnetized rocks, while its core is composed of dense and strong magnetized
rocks. We interpret this as a result of high fluid and (or) carbon content in the outer layer. For
the analysis of the subsidence history we used the data from 23 boreholes situated in the
vicinity of the transect. The study of regional and local components of tectonic subsidence
and their comparison to the model of crustal structure demonstrated that the Moscow
sedimentary basin has been formed in result of two main tectonic events. The first tectonic
event took place in the period from Late Riphean to Early Vendian. The style of extension
had been strongly controlled by crustal structure formed before Late Riphean. During the
second tectonic event, which took place from Middle Devonian to Late Carboniferous, crustal
control was not so strong. Amplitude of uplift and subsidence were almost the same all over
the basin. The second tectonic event was probably result of uplift of a mantle plume (e.g.
Wilson, Lyashkevich, 1996). This plume supposed to be formed in deep mantle and later
separated into several smaller plumes when it moved trough the upper mantle. This plume
initiated strong tectonic activation of all East European Platform resulted in opening of 2500
km-long system of rift basins at its periphery and differential, mainly downward movements
in its central part.

JSA07/11A/D-022 Poster 0830-022
HEAT FLUX FROM LUNAR CORE AND CONTINENTAL MASCONS ON THE MOON

Alexander GUSEV, Natasha PETROVA (Geophysics, Kazan University)

The question of lunar core existence is still an open question. Nevertheless, many modern
observational data, such as the noticeable free librations in the presence of great dissipation,
involve the appropriate consideration of active lunar internal stratigraphy, including elliptical
liquid core and rigid or viscose mantle. According to calculation of Konrad and Spohn (1997),
the lunar core composed of Fe, FeS and Fe-FeS has a melting temperature from 1950K (for
pure Fe) to 1250~K (for eutectic proportion). By this means the presence of a fluid core with
a turbulent or convective layer at the CMB (Yoder, 1981) appears to be the plausible source
not only for great dissipations, but also for exciting and maintaining of free librations. The
differential rotation of the rigid mantle and liquid core in the Moon, the interaction between
them is responsible for the formation of specific transition zone - core-mantle boundary that
plays an important role in the lunar dynamics (Petrova & Gusev, 2001). Extensive discussion
of seismic, magnetometric andlibration data were performed by Dickey et. al. (1994) for the
parameters (sizes, shape, rheological properties etc.) of the lunar core and CMB. From
additional LLR data and an improved gravity field from Lunar Prospector have found four
dissipation terms, that can be explained with the combined effects of tide plus core: 2/3 of
the 0.26” term comes from a tidal friction and 1/3 comes from the CMB friction without
considering the CMB ellipticity. As result Q~37+5 at a one month period and Q=60(-15,+40)
at one year (Williams, 1999). Dissipative effects arising from the core-mantle interaction are
responsible for additional heating of the planet’s interior, causing convective motion in the
mantle and grows of the early lunar lithosphere; for the exciting and maintaining of free
librations in the Moon; for arising of plumes that are responsible for the formation of ancient
hot spots and “mascons” in the crust (Gusev & Petrova, 1999). With the Yoder’s boundary
layer theory, approximate estimation of the heat flow from lunar CMB was made. For a liquid
iron core with a radius of 350 km and kinematical viscosity n=3300St and differential velocity
Aw=1.37-10°rad/sec the estimation of the heat flux from the core to the mantle is 1.5- 10"°W.
In this connection many new cosmic experiments - Lunar~A, SELENE, SMART, ILOM - will
give a possibility to determine the size and composition of a lunar core, the magnetic and
heat characteristics of the Moon.
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GRAVITY AND MAGNETIC MEASUREMENTS ON THE BLACK SEA ROMANIAN
CONTINENTAL SHELF AND THE SIGNIFICANCE OF THEIR RESULTS

Constantin Stefan SAVA (National Institute of Marine Geology and Geoecology - GeoEcoMar,
Bucharest - Constanta, Romania)

In the past years, Romanian offshore has attracted much attention because of the oil and
gas discovery. The major regional study required an important effort for the seismic
acquisition. Interpretation of seismic data had provided a good image of stratigraphy and
tectonics, but many explanations are still necessary. In view of improved knowledge on the
geological structure at depth under the Black Sea Romanian Shelf as well as to gather more
data about the continuation of land geological structures into the sea, gravity and magnetic
measurements have been made in addition to seismic. Gravimetric research was done by
the use of underwater and onboard marine gravity meters produced in Russia. At the same
time magnetic research was carried out. An original method, which made possible the use of
land magnetometers at sea, was first applied. Later, marine proton magnetometers were
used. All the magnetic equipment used at sea was made in Romania. We have also drawn
up all the programs for the marine gravity and magnetic data processing as well as the 2D
and 3D geophysical modelling. The first results of marine and magnetic surveys were
presented in maps on scale 1:500,000. Then the territory was mapped systematically on the
scale 1:200,000. At this scale, the gravity map could be interpolated at intervals of 2.5 mGals
and the magnetic map at the intervals of 50 nT. Further, we started detailed work on several
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maps on the scale 1:50,000, particularly in the coastal zone, in order to clarify the detailed
relations between the land and the marine geological structures. These maps were
interpolated at intervals of 1.0 mGal for the gravity one and 10 nT for the magnetic one.
Initially, the geological data obtained onshore was correlated to offshore geophysical surveys
and drillings in order to obtain a better understanding of the offshore geological structure.
Later, offshore geological data was used for establishing a more detailed model of the
onshore Dobrogea geological structure. This idea is clearly illustrated by the evolution of the
conceptions regarding the geological structure of the on- and offshore areas of the
Constanta sector of the Moesian Platform. We have to emphasize the necessity of drawing
up the gravity and magnetic maps of the entire Black Sea in a unitary system, through
international cooperation, in order to improve the contribution of these geophysical methods
to the geological knowledge of the area. To conclude, we could say that the completed
magnetic and gravity surveys bring an important contribution to the worldwide knowledge of
the Earth magnetic and gravity fields.

JSA07/11A/D-024 Poster
SEISMIC ANISOTROPY AND MANTLE CREEP IN YOUNG OROGENS

0830-024

Rolf MEISSNER', Irina M. ARTEMIEVA?, Walter D. MOONEY" ('Kiel University, ’EOST, *USGS)

We discuss the origin of anisotropy in the crust and uppermost mantle in terms of processes
that are controlled by temperature, rheology, and deformation. Wedisregard anisotropy
within sedimentary basins and instead concentrate on anisotropy owing to the lattice
preferred orientation (LPO) of anisotropic minerals. We focus on young mountain belts that
have thick crustal roots and high geothermal gradients.We compare the orientation of this Pn
anisotropy with the direction of compressive stress, which nearly always shows a mountain-
perpendicular component in the upper crust. From the discrepancy of directions between
the fast axis of mantle anisotropy and compressive crustal stresses, we therefore postulate
the existence of a decoupling layer. This layer is generally found in the middle or lower crust
in all areas with high geothermal gradients and especially in young and warm mountain
belts. A decoupling layer corresponds to a low-viscosity layer capable of creep owing to
tectonic stress. Tectonic escape or “lateral extrusion” was first suggested for southern China
by Molnar & Tapponier (1975). It is today considered to be a lithospheric process and not
limited to the crust.
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SHEAR WAVE VELOCITY, SEISMIC ATTENUATION, AND THERMAL STRUCTURE OF
THE CONTINENTAL LITHOSPHERE

Irina M. ARTEMIEVA', Magali BILLIEN', Jean-Jacques LEVEQUE', Walter D. MOONEY?
('EOST, *USGS)

Theoretical models based on laboratory studies of dissipation of energy in the crystalline
rocks typical for the Earth’s mantle suggest a temperature dependence of attenuation
through the activation energy. We therefore compare global maps of the thermal structure of
the continental lithosphere with the inverse attenuation of seismic shear waves Qs and
seismic velocity Vs as determined from surface wave dispersion and amplitudes. Our study
is based on recently available global databases.We compare the values of Qs, Vs, and
temperature T at the depths of 50, 100, and 150 km in the continental lithosphere. We find
that qualitatively (by the sign of the anomaly) the maps of Qs closely correlate with
lithospheric temperatures. The best correlation is observed for the depth of 100 km, where
the resolution of the attenuation model is the highest. At this depth, the contour of zero
attenuation anomaly approximately corresponds to the 1000°C contour of lithospheric
temperature, in agreement with laboratory data on a sharp change in seismic attenuation
and shear velocities in upper mantle rocks at 900-1000°C. The correlation between Vs and
two other parameters (T and Qs), though present, is less distinct.We find that most cratonic
regions (the Siberian Craton, the East European Platform and the Baltic Shield, the North
American Craton, West Africa, western Australia) show high lithospheric Vs, Qs and low T.
In contrast, the South African craton has neither high Qs, nor low temperatures. Several
prominent low Qs regions correlate with high lithospheric temperatures; this includes the
Paleozoic West Siberian Basin, the Cenozoic-Paleozoic structures of the Western Europe,
and western North America. We calculate correlation coefficients between Vs, Qs and T and
find that at any depth, for any pair of the parameters the correlation is less than 0.42. It
implies that even if temperature variations in the lithosphere are the main cause of seismic
velocity and attenuation variations, the relation between temperature and seismic properties
is non-linear and the concept of the compositionally homogeneous lithospheric roots is not
true.

JSA07/11A/D-026
HOW THICK IS THE EARTH'S CRUST?

Poster 0830-026

Walter D. MOONEY', Gary S. CHULICK?, Shane T. DETWEILER' ('US Geological Survey, *St.
Xavier University)

Thorough knowledge of the Earth’s crustal structure is necessary for understanding
continental evolution and other geological processes. We present a recently updated
contour map of the thickness of the Earth’s crust using a 10-km contour interval, and the 45-
km contour. This contour map was created from over 5000 individual crustal data points
that have been acquired during the past 60 years. The contour map honors all available
seismic refraction measurements for features with a dimension greater than 2 degrees.
Crustal thickness in Eurasia, North America, and Australia is well constrained by seismic
refraction data, while Antarctica, South America, Africa, and Greenland are less well
constrained. To a first approximation, the continents and their margins are outlined by the
30-km contour. The part of the continental interior enclosed by the 40-km contour and
regions with crustal thickness of 45 to 50 km are found on all well-surveyed continents.
Continental crust with thickness in excess of 50 km is exceedingly rare and accounts for less
than 10% of surveyed continental crust. These observations, now available on a global
basis, provide important information to be used for numerous scientific studies.
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ARE THE CRATONIC MARGINS VERTICAL? THE CASE STUDY FROM THE TESZ
FROM THERMAL AND SEISMIC DATA

Irina M. ARTEMIEVA!, Walter D. MOONEY?, Maria A. KRASNOVA? (‘EOST, *USGS, ‘Institute of
Physics of the Earth, Moscow)

We use joint interpretation of seismic and thermal data for the transition region from the
Precambrian to the Paleozoic Europe (the Trans-European Suture Zone) to refine some new
insights into the evolution of the sub-continental upper-most mantle beneath the western
margin of the East-European Platform (EEP) and to examine how the tectonic boundaries
expressed in surface geology continue in the upper mantle and either the cratonic boundary
is vertical or the structure, composition and the age of the uppermost mantle in the transition



region do not correlate with the properties (age) of the overlying crust. In the absence of
reliable data on the age of the upper mantle of the region, this question can be addressed by
analyzing seismic data and distinguishing the effects of temperature and composition on
seismic velocities. We compiled available seismic data on the structure of the upper mantle
down to the depth of 100-150 km in the transition region. Data on the thermal regime of the
lithosphere of the region (Artemieva and Mooney, 2001) were used to correct observed
seismic velocities for the temperature effect. At the cratonic margin (i.e. across the TESZ)
Moho temperature can change by 300 °C at a distance of less than 500 km, while the
lithosphere thickness varies by more than a hundred km. We find that at the top of the
mantle the sharp NW-SE boundary between low and high temperature-corrected Pn
velocities approximately coincides with the surface manifestation of the TESZ. However, at
the depth of 100-150 km the transition zone shifts eastwards both in N and S parts of the
TESZ. Precambrian crust of the SW EEP overlies the mantle with the properties similar to
the mantle of the Paleozoic Europe, while the subcrustal lithosphere of the SW Baltic Shield
was thermally modified during Proterozoic tectonic activity of the region when the marginal
part of the cratonic lithosphere was either detached or metasomatised.
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CORRELATION OF POTENTIAL FIELD ANOMALIES, PETROPHYSICAL PROPERTIES
AND EVOLUTION OF THE FENNOSCANDIAN SHIELD

Juha Ville KORHONEN!, Sven AARO?, Tarmo ALL’, Seppo ELO', Tapio KOISTINEN', Anatoli
KULINICH®, Jussi KAARIAINEN®, Jan Reidar SKILBREI?, Dag SOLHEIM®, Rein VAHER",
Ludmila ZHDANOVA®* (‘Espoo Unit, Geological Survey of Finland, *Geological Survey of Norway,
‘Geological Survey of Sweden, ‘State Company Mineral, °Finnish Geodetic Institute, “Norwegian
Mapping Authority, National Land Survey of Sweden, *Virg-Rudgeofizika, *Geological Survey of
Estonia, "“Institute of Geology, Tallinn Technical University)

Grids of magnetic DGRF-65 and Bouguer IGSN-71 anomalies of the Fennoscandian Shield
and nearby area have been compiled as a joint venture between Finland, Norway, Sweden
and Russia. Information from Denmark, Estonia, Latvia and Lithuania has been included.
Anomaly maps derived from grids have been printed on a scale of 1:2 million. The aim was
to provide an overall view of the anomaly structure of the Shield and its margins, and
especially assist in correlating Precambrian geological formations across seas, state borders
and areas covered by younger formations. Insert maps on a scale of 1:15 million are aimed
to correlate anomaly components in different source scales: pseudogravimetric anomaly with
Bouguer anomaly, DGRF-65 anomaly with pseudomagnetic anomaly, magnetic vertical
derivative with second derivative of Bouguer anomaly. Sample level data on bulk density,
induced magnetisation, total magnetisation, Q-value and lithology has been presented as
scatter diagrams and averages on maps to delineate variation and evolution trends of
properties in space and time. The lithospheric anomaly sources are illustrated in interpreted
2.5-D sections across the western lobe of the Fennoscandian land uplift area and across a
rapakivi area of age 1550. Apparent susceptibility and depth-integrated magnetisation have
been compared with averaged bulk density and total magnetisation. Major source areas,
shallower than 5 km include granites of Central Finnish Lappland and Central Finland, and
Estonian high-grade rocks. Depth extent class of 5 - 10 km includes rapakivi granites of 1650
Ma and 1550 Ma groups, and the northern Fennoscandian magnetic high. Unexposed long
wavelength sources locate below central part of the Gulf of Bothnia and Caledonian front.
Both exposed and unexposed anomaly sources continue across the present Shield
Boundary, with exceptions of Oslo and Kandalaksha rifts and NE coast of Kola Peninsula.
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CRUSTAL MODEL FOR SOUTHERN AND CENTRAL FINLAND (FENNOSCANDIAN
SHIELD)

Koslovskaya ELENA', Juha Ville KORHONEN?, Seppo ELO? Sven-Erik HIELT?, Jukka
YLINIEMI, Markku PIRTTIJARVI' (‘Finnish Academy, C/o Oulu University, Espoo Unit,
Geological Survey of Finland, *Oulu University, ‘Oulu Unit, Sodankyl Geophysical Observatory)

The paper presents the first version of a crustal and upper lithospheric 3-D distribution model
of P- and S-wave velocity, bulk density and magnetisation for the southern and central
Finland. The model is intended for reduction of teleseismic travel times prior to the
tomographic inversion of the SVEKALAPKO seismic array data and correction for regional
magnetic and Bouguer anomalies in upper crustal studies, plus as a background for crustal -
lithospheric evolution studies.The main part of the geological evolution of the area took place
from Mesoarchaean to Palaeoproterozoic. The bedrock stabilised after the Svecofennian
orogeny, rapidly developing to a peneplane where later sedimentary rocks accumulated.
Anorogenic magmatic activity, like rapakivi events, intrusion of mafic dykes, alkaline rocks
and kimberlite pipes continued until Mesozoic. Erosion of sedimentary cover since Cambrian
exposed the present Fennoscandian Shield. The model will be based on joint interpretation
of Bouguer anomalies and seismic P- and S-wave velocities from previous DSS-studies,
combined with interpretation of magnetic total field anomalies and reflection seismic profiles.
The boundary values of density and magnetisation at the upper surface of the Shield will be
adapted from the petrophysical data base of Finland. The co-ordinate system is national KKJ
that can be transferred to ETRS89, when eventually extending the model to nearby areas. In
this case the difference of anomalies in the planar model to an ellipsoidal model is to be
estimated. As a preliminary stage we present a stepwise, planar model of P-wave velocity
and density on a 2 km x 2 km x 2 km grid. The P-wave velocity model, compiled from
previous DSS profiles in the area, consists of upper, middle, lower, and lowermost crust plus
upper mantle with P-wave velocities of 5.9 - 6.4 ,6.4 - 6.8,6.8-7.0,7.0-7.9,and 7.9 - 8.2
km/s. Depths to velocity boundaries vary between limits of 10 - 20, 27 - 30, 34 - 39, and 38 -
64 km (Moho). The densities for the P-wave velocity layers were found by inverting the
Bouguer anomaly in IGSN 71 gravity system. The inversion algorithm is based on stochastic
quasi-linear relationship between P-wave velocity and density. The interpreted densities are
correspondingly: 2620 - 2900, 2800 - 3000, 2800 - 3000, 3050 - 3250 and 3250 - 3450
kg/m3. The model demonstrates that the high velocity lower crust does not completely
compensate the gravity effect of the Moho depressions. Mass compensation may be
achieved by adding mafic rock densities in the upper and middle crustal model.
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MAGNETIC PETROLOGY DATABASE FOR INTERPRETATION SATELLITE MAGNETIC
ANOMALIES. STATUS OF DEVELOPMENT

Katherine A. NAZAROVA (NASA/GSFC Raytheon ITSS)

A Magnetic Petrology Database (MPDB) is now being developed at NASA/Goddard Space
Flight Center in cooperation with Russian and Ukrainian Institutions. The purpose of this
database is to provide the geomagnetic community with a comprehensive and user-friendly
method of accessing magnetic petrology data via Internet for more realistic interpretation of
magnetic anomalies. Recently MPDB has been redesigned and now it can be found on the
Geodynamics Branch web server of Goddard Space Flight Center at
http://core2.gsfc.nasa.gov/research/terr_mag/php/MPDB/frames.html. User submission
forms have been developed. To submit new data one can use Data Entry Forms in EXCEL
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format at http://core2.gsfc.nasa.gov/research/terr_mag/php/MPDB/doc.html Data on Iron
Quartzites (10000 samples) from the area of Kursk Magnetic Anomaly , serpentinized rocks
from all around the world (670 samples), volcanic sedimentary rocks recovered by Kola and
Krivoy Rog Deer BoreHoles (703 samples) are included into database. More data on
xenoliths, granulites and Archean Proterozoic sequences are coming. The database
searchable engine was utilized to perform a magnetic study of rocks recovered by Kola and
Krivoy Rog deep boreholes. A fully working database is expecting in July 2003.
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MAGNETIC STUDY OF ROCKS IN THE KOLA AND KRIVOY ROG DEEP BOREHOLES

Katherine A. NAZAROVA (NASA/GSFC RAYTHEON ITSS)

Magnetic properties of rocks from Kola superdeep borehole and Krivoy Rog deep borehole
have been compared. These data can be found on the Magnetic Petrology Database which is
now being compiled at the Geodynamics Branch of NASA/Goddard Space Flight Center and
published on the web at http:/core2.gsfc.nasa.gov/research/terr_mag/php/MPDB/frames.html|
Extremely high values of remanent magnetization (NRM), magnetic susceptibility (K) and
Konigsberger ratio (Qn) are found at approximately the same depths of about 2000 m for
both boreholes. Highly magnetic serpentinized peridotites and sedimentary rocks affected by
sulfide mineralization were recovered at the Kola borehole for a depth interval of 1540-1940
m. The Krivoy Rog borehole recovered highly magnetic iron quartzites of Band Iron
Formations at depths of 1853-2040 m. There is no obvious reason why high magnetizations
should occur in two boreholes with different lithologies at the same depth. Magnetic surveys
and surface sampling in the nearby Krivoy Rog and Kursk Magnetic Anomaly areas have
revealed iron quartzites with high magnetization, similar to values given here. AF
demagnetization tests suggest that hard and stable NRM component which is caused by
hematite occurred in iron quartzites in different forms and grain sizes ranges. Hematite
deposits recently discovered on Mars in western equatorial areas of Aram Chaos crater and
Sinus Meridiani layered topography formation could be of hydrothermal origin and can
cause magnetic anomalies registered by Mars Global Surveyor.
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GRAVITY AND MAGNETIC STUDIES IN THE PORCUPINE BASIN, OFFSHORE
IRELAND: INSIGHTS INTO BASIN FORMATION

Brian M. O'REILLY, Peter W. READMAN (Dublin Institute for Advanced Studies, 5 Merrion
Square, Dublin 2, IRELAND)

The Porcupine Basin lies west of Ireland on the edge of the west European continental
margin. It developed in response to multiple late Palaeozoic and Mesozoic continental rifting
episodes. The gross crustal structure can be derived using potential field techniques after
removing the effects of the sediment fill using the shallow seismic velocity structure. The
resultant structure is integrated with deep seismic profiles to constrain the depth to the Moho
and the crustal structure of the surrounding region. The results from gravity and magnetic
modelling of five transects along seismic reflection profiles are presented. These cross the
entire Porcupine Basin between 50°-53° N. The results indicate that sedimentary basin and
crustal structure change abruptly along the axis of the basin at around 51.6° N. In the north a
dense and reversely magnetized body extends from acoustic basement to the Moho(?). The
basin broadens to the south where an axial gravity low is flanked by highs similar to the
anomaly pattern in the neighbouring Rockall Trough where it is due to a seismically imaged
thickening of the crust towards the basin centre. This change in crustal geometry is marked
by a set of NW-trending gravity lineaments which are interpreted as a cross-basin transfer
fault system that control large-scale segmentation of the extensional deformation. Currently
published models for the opening of the Porcupine Basin involve a clockwise rotation of the
adjacent crustal block leading to a southward broadening of the basin. The results of our
gravity studies suggests that the sense of rotational deformation was different on either side
of the interpreted transfer fault system. Correlations with the deep seismic structure in the
region suggest that this fault system was important in controlling fluid flow in the sub-crustal
lithosphere during syn-rift deformation. The modelling results used in this presentation were
undertaken on behalf of the Irish Petroleum Infrastructure Programme.
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AN APPRAISAL OF GRAVITY SIGNATURES IN THE SOUTHERN PART OF BOMBAY
OFFSHORE BASIN, WESTERN INDIA

Subba Raju Venkata LAKAMRAJU, Krishna Sri KOLLURU, Anil K. CHAUBEY, Subrahmanyam
VANDRAPU, Gopal Chandra BHATTACHARYA (National Institute of Oceanography, Dona Paula,
Goa 403 004, INDIA)

A 2-mGal Bouguer gravity contour map is prepared from ship-borne gravity data of the
southern part of Bombay offshore Basin, located on shelf and upper slope region between
10 and 1000 m water depths.The Bouguer gravity map reveals four prominent zones related
to tectonically controlled igneous bodies emplaced during northward motion of Indian plate
over the Reunion hotspot during Early Tertiary. The upper slopes in 1000-400 m water
depths show relatively high gradient indicating fault-controlled structures.A significant gravity
closure of +34 mGals on the outer shelf reveals the presence of igneous rock, which may
represent one of the vents of Reunion hotspot. In the mid shelf region, the gravity reduces
smoothly from +34 to -20 mGal indicating i) absence of basaltic formations and ii) the
gravity effect due to the Archaeans and the overlying Tertiaries. The inner shelf is
significantly characterised by several gravity closures ranging from -8 to -62 mGals.These
low gravity closures are interpreted as several depot centers of Tertiary period. In the
southern portion of the study area, a spur-like formation running from the coast toward shelf
edge is observed. The structure is terminated due to the existence of NNW-SSE trending
basaltic formation related to Reunion hotspot. The seismic profiles over the region from shelf
edge to the deeper waters and along the shelf edge show the dissection of the Archaean
formations with horst and graben structures indicating the block faulting and igneous
intrusions covered with Tertiary sediments. The prominent structures observed in seismic
profiles are well reflected in the Bouguer gravity map. A density model of the southern part
of Bombay offshore basin is generated using the forward gravity modeling under available
seismic constraints. The limits of the basaltic formations with the help of density model in the
study area is interpreted and spur-like structure as well as the vent of the hotspot are
discussed.
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2-D CRUSTAL THERMAL STRUCTURE OF THE NARMADA- SON LINEAMENT IN
CENTRAL INDIA ALONG UJJAIN-MAHAN DEEP SEISMIC SOUNDING PROFILE

S. N. RAI S.0. THIAGARAJAN, D. V. RAMANA (National Geophysical Research Institute, Uppal
Road, Hyderabad 500 007, India)

The ENE-WSW trending Narmada- Son Lineament (NSL) in the central India extends
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eastward for about 1600 km from the west coast of India and lies approximately between 72-
88E longitudes and 21.5-24N latitudes. It is characterized by the presence of numerous hot
springs, feeder dykes for Deccan traps, and seismicity all along it's length. In order to
understand the crustal structure of this region Deep Seismic Sounding (DSS) surveys were
carried out along five profiles. Interpretation of seismic data along these profiles indicate that
the NSL is divided into two parts by Baswani- Sukta Fault (BSF. To the west of this fault a
graben exists while to the east basement uplift is found in the form of horst. The horst
structure is bounded by Narmada North Fault (NNF) and Narmada South Fault (NSF). The
present work deals with the two-dimensional thermal modeling for the delineation of crustal
thermal structure along a 220 km segment of the Ujjain-Mahan DSS profile which is located
just east of BSF fault traversing the horst structure. P-wavevelocity distribution obtained from
DSS studies has been used to estimate the heat generation values in the middle and lower
crust. For the upper part of the crust we use exponential heat generation model to estimate
the distribution of radiogenic sources. Numerical results indicate that the Moho temperature
varies between 500 to 550°C which more or less coincideswith the Curie isotherm. The
estimated surface heat flow varies between 46.3 to 47.1 mW/m?, with the maximum between
Ujjain to Dorwa and the minimum over the Tapti basin. Although measured heat flow values
in the study area along the profile are not available for comparison, these values are found to
be in close agreement with the measured surface heat flow values at Mohpani(49 mW/m2) in
the NSL zone east of this profile and Lonar and Yavatmal area (47 mW/m?) south of NSL in
the Deccan traps. The present study reveals that the upper mantle in this part of NSL is
relatively cooler than the north Cambay region on the western margin of India. The
lowervalue of the mantle heat flow in this region can be used to infer the brittle nature of the
lower crust which is supported by the occurrence of deep crustalSatpura (1938) and
Jabalpur (1997) earthquakes of NSL region.
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ANCIENT COLLISIONAL CONTINENTAL MARGINS IN THE COUTHERN INDIAN
SHIELD: GRAVITY SIGNATURES AND DERIVED CRUSTAL TRANSECTS

Anand P. SINGH, D. C. MISHRA (National Geographycal Research Institute, Hyderabad)

The southern Indian shield is one of the areas of the world, which had preserved the earliest
formed crust. Litho-tectonic diversity, missing threads of Precambrian record and for the
most part obliterated by imprints of later tectonic events have made it unique in the study of
the early evolutionary history of the earth crust. Earlier it was widely believed that the
southern Indian shield forms a singular crustal domain. In contrast, a mosaic of smaller litho-
tectonic domains, which were once separate but brought and welded together during their
evolutionary history, is another notion. Demarcation of these original crustal domains that
welded together during the geological past is first and foremost important task in order to
understand the evolutionary processes operative at that point of time It has been suggested
that the paired (positive and negative) gravity signature characterizes deep crustal breaks
along the boundaries between ancient crustal domains. This gravity signature for Late
Archaean to Late Proterozoic plate tectonics is analysed/reviewed and a case is presented
for the role of plate tectonics in developing reactivated Precambrian terranes with discussion
centring on the Dharwar craton of the southern Indian shield. Further support is provided by
geologically analogues terranes of the Canadian shield.
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INVESTIGATION OF EFFECTS OF EXPLOSIONS ON THE OIL PIPES AT MARVAK DAM
SITE IN LORESTAN REGION(IRAN)

Shayesteh MEHRABIAN, Ahmad SADIDKHOI (Department of Earth Sciences, University of
Tehran)

In this study the effects of vibrations due to 25 performed explosions on the oil pipes by
using the delay time are investigated. Vibrations are recorded by four seismographs (PDAS,
L4-3D seismometer). The obtained data are analysed and processed by using suitable
methods and available soft wares. According to the obtained relationships between the
particle velocity and scaled distance, acriterion for reduction the effects of vibrations on the
oil pipes is proposed.Finally these geophysical data are used to describe a regional crustal
model which can lead to robust geophysical interpretations.
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ESTIMATION OF LITHOSPHERIC THICKNESS BENEATH SEISMICALLY ACTIVE
REGIONS OF THE DECCAN VOLCANIC PROVINCE OF INDIA

Venkata Ramana DRONAMRAJU (National Geophysical Research Institute)

Thermal evolution of the lithosphere is primarily governed by heat conduction and plays a
key role in deforming the lithosphere and controlling its structure. Surface heat flow is major
observation for estimating the temperature field of the lithosphere. It consists of two parts
(i) contribution from the mantle, and (ii) heat generation within the lithosphere due to
radiogenic heat sources. In continental lithosphere, radiogenic sources account for about 40
percent of the total surface heat flow. Previous models for the estimation of thermal structure
of the Indian continental lithosphere used exponential/ step model of radiogenic heat sources
distribution. Since continental crust consists of rocks having very different concentration of
these radiogenic sources, it is important to consider the vertical heterogeneity in the thermal
parameters to construct the thermal structure. The vertical distribution of the radiogenic heat
sources is obtained by direct measurements of the heat generation in different rock types or
by estimating it from the observed seismic velocities using an empirical relationship between
the heat generation and P-wave velocities. In the present work the radiogenic sources in the
mid — and lower crust for Killari and Koyna locations of the Deccan Volcanic Province have
been estimated by using deep crustal seismic velocity information and the thermal structure
is obtained by treating the lithosphere as an n-layered model. The results reveal a relatively
thick thermal lithosphere for these locations.
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SEISMOLOGICAL CONSTRAINTS ON CRUSTAL EVOLUTION IN SOUTH INDIA

S. S. RAI, Sandeep GUPTA (National Geophysical Research Institute, Hyderabad, INDIA)

Receiver function analysis of teleseismic waveforms from 32 broadband seismic stations in
South India suggest significant difference in the crustal structure. The eastern Dharwar
Craton, Deccan Volcanic and Cuddapah basin show very similar crustal thickness 33-39 km.
The western Dharwar Craton (WDC), however, has thicker crust (42-51 km). The crustal
thickening in WDC occurs in step fashion, Moho offsets coinciding with surface expression of
N-S elongated shear zones. The thickest crust (~ 60 km) is observed beneath the Nilgiri hills.
Elsewhere, in the Southern Granulite Terrain (SGT), crust is 40-53 km thick. Considering 20-
30 km crustal exhumation in the southern part of WDC and SGT, we speculate possibly 70-
90 km thick crust across WDC-SGT during Archean. This suggest of a Himalaya type
geodynamic frame work for the evolution of granulite terrain.
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CRUSTAL STRUCTURE IN THE SIKKIM HIMALAYA FROM NEW GRAVITY AND
MAGNETIC DATA

Virendra Mani TIWARI, M.B.S. VYAGRESWARA RAO, R. S. RAJESH, D. C. MISHRA (National
Geophysical Research Institute)

Recently, we have recorded gravity and magnetic data in the Sikkim Himalayas to elucidate
the subsurface structure in this part of Himalayas. The recorded profile starts from Gangetic
plain and runs across main tectonic features like MBT and MCT. Data are recorded at 1 km
spacing and location and elevation of the stations are determined using differential GPS. All
the main tectonic features are reflected in the gravity and magnetic data. The gravity and
magnetic anomalies are modelled for subsurface structures.
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SOME PROPERTIES OF THE MAGNETOTELLURIC ROTATION INVARIANT TENSORS

Suman DEY', Shashi Prakash SHARMA', Kalyan Kumar ROY?, Someshwar SRIVASTAVA’
('Department of geology and geophysics, IIT(Kharagpur), India., Department of Geological Sciences,
Jadavpur University, Calcutta-700032, India, *AFPRO, IC/262, Ashoke Nagar, Ranchi-834002,
Jharkhand, India)

Rotation Invariant Tensors (RITs) can be used for interpretation of magnetotelluric field data.
Three RIT apparent resistivities and their phases, viz, rho-determinant, rho-average and rho-
central generate much more closer apparent resistivities than the conventional Cagniard TE
and TM mode Swift rotated apparent resistivities and their phases near prominent geological
lateral heterogeneities. RITs generate perfect rotation invariance with noisy field data with
larger error bar. RITs generate stable apparent resistivities and phases for longer period
signals where TE and TM mode values may show instability and fluctuations. Field data from
Archean and Proterozoic terrain may generate best 2D model with 1D inverted data using
RITs. Even 2D Rapid Relaxation Inversion algorithm using RITs generates much more
stable models than those obtained using TE and TM mode data. Two eigen values of the
impedance tensors are also rotationally invariant and generates respectively higher and
lower apparent resistivities in comparison to rotated and unrotated apparent resistivities. In a
complex domain the tensor elements Zxx, Zyy, Zxy and Zyx generates ellipses of widely
variable ellipticities where as RITs describe just one point. The diagonal elements of the
impedance tensor are nonzero and nontrivial even after optimum rotation for a 3D structure.
Therefore RITs will have a role in the interpretation of MT data because through determinant
and central RITs, information from diagonal elements enter into interpretation.
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MAGNETIZATION MODELING OF THE MAUD RISE CRUST IN THE SOUTHWEST
INDIAN OCEAN

Hyung Rae KIM', Ralph R.B. VON FRESE!, Alexander V. GOLYNSKY?, Patrick T. TAYLOR’,
Jeong Woo KIM* ('Dept. of Geological Sciences, The Ohio State Univ., *VNII Okeangeologia, 1, St.
Petersburg, Russia, *Code 921 Geodynamics branch, GSFC, NASA, Maryland, USA, “‘Dept. of Earth
Science, Sejong Univ., Republic of Korea)

We produced a crustal magnetization model for the Maud Rise in the southwest Indian
Ocean off the coast of East Antarctica using magnetic observations from the Orsted satellite
and near-surface surveys complied by the Antarctic Digital Magnetic Anomaly Project
(ADMAP). New inversion modeling of the two anomaly fields suggests that the magnetic
effects due to crustal thickness variations and remanence involving the normal polarity
Cretaceous Quiet Zone (KQZ) dominate at satellite altitude (=700 km).The crustal thickness
effects were modeled in the Orsted data using crustal thickness variations derived from
satellite altitude gravity data. Modeling of the residual @rsted and near-surface magnetic
anomalies supports extending the KQZ eastwards to the Astrid Ridge. The remaining near-
surface anomalies involve crustal features with relatively high frequency effects that are
strongly attenuated at satellite altitudes. The crustal modeling can be extended by the
satellite magnetic anomalies across the Indian Ocean Ridge for insight on the crustal
properties of the conjugate Agulhas Plateau. The modeling supports the Jurrasic
reconstruction of Gondwana when the African Limpopo-Zambezi and East Antarctic Princess
Astrid coasts were connected as part of a relatively demagnetized crustal block.
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GRAVITY ANOMALIES AND ASSOCIATED TECTONIC FEATURES OVER THE INDIAN
PENINSULAR SHIELD AND ADJOINING OCEAN BASINS

Dinesh Chandra MISHRA, K. ARORA, V. M. TIWARI (National Geophysical Research Institute,
Hyderabad, India)

A combined gravity map over the Indian Peninsular Shield (IPS) and adjoining oceans brings
out well the inter-relationships between the older tectonic features of the continent and the
adjoining younger oceanic features. The NW-SE, NE-SW and N-S Precambrian trends of the
IPS are reflected in the structural trends of the Arabian Sea and the Bay of Bengal
suggesting their probable reactivation. The Simple Bouguer anomaly map shows consistent
increase in gravity value from the continent to the deep ocean basins, which is attributed to
isostatic compensation due to variations in the crustal thickness. A crustal density model
computed along a profile across this regionsuggests a thick crust of 35-40 km under the
continent, which reduces to 22-24km under the Bay of Bengal. Large crustal thickness and
trends in the gravity anomalies similar to the structural trends of the southern part of IPS
suggest a transitional crust in the Bay of Bengal. The crustal thickness under the Laxmi
Ridge and east of it in the Arabian Sea is 20 and 14 km respectively. The crustal density
model in this part of the Arabian Sea (east of Laxmi ridge) and the structural trends similar to
the Indian Peninsular Shield suggest a continent-ocean transitional crust (COTC). The
COTC may represent down droppedand submerged parts of the Indian crust evolved at the
time of break-up along the west coast of India and passage of Reunion hotspot over India
during late Cretaceous.
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UPPER MANTLE HETEROGENEITY BENEATH THE CAMBAY RIFT BASIN,
INDIA:INSIGHT FROM GRAVITY MODELLING

Bijendra SINGH, D. C. MISHRA (National Geophysical Research Institute)

The Camaby rift basin, which is one of the major petroliferous basins of India indicates
anomalous gravity signatures. The Bouguer anomaly map of basin and the adjoining regions
depicts number of large amplitude circular gravity ‘highs’ related to high density
intrusive/extrusive igneous plugs resulting from Deccan Volcanism. The small wavelength
gravity ‘lows’ are caused by Tertiary and Mesozoic sediments and are superimposed on a



large wavelength small amplitude gravity ‘low’ suggesting source at deeper level. Modeling
of gravity anomalies across the basin incorporating constrains from seismic and borehole
information requires a low-density (3.04 g/ cm3) upper mantle and a high-density (3.10
g/cm3) underplated lower crust with Moho at a shallow depth (32 km) beneath the basin.
This low-density upper mantle extends over hundreds of kilometres on either side of the
basin. These features are typical of continental rift evolved from a thermal source. Presence
of high heat flow, extremely thin thermal lithosphere, Deccan volcanism and low velocity
zone associated with low-density body probably indicate region of elevated temperature
suggesting partial melting condition in the upper mantle. This might have resulted due to
interaction of Reunion plume with the Indian lithosphere during the northward migration of
the Indian plate in late Cretaceous after the break up of the Gondwana land.
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LITHOSPHERIC STRUCTURING OF THE TUNISIAN NORTHEASTERN AFRICAN PLATE
MARGIN

Mourad BEDIR!, Fouad ZARGOUNI, Chokri JALLOULI, Badiaa CHULLI-ZENATI ('Department
of Georesources,Institute of scientific and technic research of Tunisia, *Facult des Sciences de Tunis.
Campus Universitaire, 1060 Tunis. Tunisia., ‘Facult des Sciences de Bizertes. Tunisia.)

Key Word : Tunisia, Geophysics, CrustGeological and geophysical data from the different
regions of the Tunisian Atlassic and Mediterranean zones permit the reconstruction of the
structuring and the evolution of the crustal margin and its tectonic and sedimentary cover
mechanisms. Reflection and refraction seismic investigations, geothermal studies and
gravimetric Bouguer and residual anomalies had highlighted the deep tectonic framework of
the Eastern Tunisian margin. This domain is characterized by a deep structural
discontinuities trending North-South, East-West, Northeast-Southwest and Northwest-
Southeast corresponding to a deep-seated flower fault corridors. These discontinuities
bound the main tectonic blocks of the margin. The Mohorovitchi discontinuity depth evolutes
from the South to the North-East from forty to twenty kilometres. The upper levels are
respectively to the North at the Galite granitic Island latitude and to the North-East along the
Tunisian- Sicilian Pantellaria and Linosa volcanic islands straight. This rising of the Moho
corresponds to the important magmatic activity in these zones since the Triassic until the
Neogene times and the high geothermal rates encountered in the petroleum wells of these
areas. From the South to the North the margin is subdivided in three main geotectonic
blocks. The Eastern-Northeastern Sahel-Pelagian block. From the Triassic to Cenozoic
times these blocks evolutes progressively across a mosaic of tilted platforms and
grabens.This area is affected by an important tectonic activity of transtensional and
transpressional deep-seated faults that create a mosaic of Mesozoic and Cenozoic Grabens,
Horsts, Platforms and folds. During the Mesozoic times, took place marine to deep marine
carbonate basin and platform deposits intruted by magmatic volcanic basaltic rocks. Triassic
halokinetic movements are also active. A great subsidence occurs in the Tertiary where the
horizons are composed by thick deposits of Paleocene marls, Eocene platform carbonates,
deep-marine marls and black shales. The Oligocene consists on deltaic and fluvial
sandstones deposits. Paleocene to Eocene series are intercalated by volcanic alcaline
explosive rocks. Miocene deposits comprise deep-marine to thick deltaic series marked by
an alternations of marls, platform carbonates and clay packages with sandstone turbidites.
Burdigalian to Langhian series are interbedded in some offshore wells by basaltic rocks. To
the offshore basins Pliocene deposits are formed by a thick deep marine marls and
sandstone turbidites. These Neogene deposits are engaged in a claykinesis and clay
intrusives along the strike-slip fault corridors. The treatement of these data had permitted to
propose a geodynamic model for this particular margin.

JSA07/11A/D-045 Poster 0830-045

GRAVITY CONSTRAINTS ON THE CRUSTAL THICKNESS OF NORTHERN AFRICA,
WESTERN MEDITERRANEAN

Chokri JALLOULT', Kevin L. MICKUS? ('Department of Geology, FST, Univ. Tunis El Manar,
*Department of Geosciences, southwest Missouri State Univ., Springfield, MO 65804, USA)

The evolution of western Mediterranean region of northern Africa involves several complex
tectonic environments controlled by the interaction between the Eurasian and African plates.
As a result of this interaction, two orogenic belts (Atlas and Tell Mountains) were formed in
northern Africa. Most workers are in general agreement on the tectonic events affecting
northern Africa however, the general crustal and upper mantle structure of this region
remains relatively unknown due to the lack of deep seismic data and regional geophysical
analyzes. To provide insights on the deep crustal structures under the Atlas and Tell
Mountains and the African northern margin, gravity data were analyzed in conjunction with
available drill hole, geologic and deep seismic data. Bouguer, free-air, isostatic residual
gravity anomaly maps and two 2D gravity models across the Tell and Atlas mountains in
Algeria and Tunisia were constructed. The gravity models provide estimates of the crustal
thickness (37 km in Algeria and 30 km in Tunisia) and the amount of crustal shortening
caused by the collision of the African and Eurasian plates. The isostatic residual gravity
anomaly maps and the gravity models provide evidence of a thick crustal root under the
Atlas Mountains in Algeria, while a thin crustal root is suggested under the Atlas Mountains
in Tunisia. The Atlas Mountains are partially to fully compensated implying crustal
shortening. However, based on the gravity models, and the amplitude and width of the
Bouguer gravity anomalies over the Saharian Atlas in Algeria and the Tunisian Atlas
Mountains, the amount of crustal shortening was greater in Algeria than in Tunisia.

JSA07/11A/D-046 Poster 0830-046

MAGNETIC INTERPRETATION OF THE ONSHORE GEBEL EL-ZEIT AREA, GULF OF
SUEZ, IN EGYPT USING INTERPRETATION TECHNIQUES

Essam Aboud ABOUD, Keisuke USHIJIMA, Ahmed SALEM (Essam Aboud)

This paper documents the result of an integrated interpretation technique of magnetic data
carried out on the onshore of Gebel EL-Zeit area, Gulf of Suez, in Egypt of magnetic data
carried out on the onshore of Gebel EL-Zeit area, Gulf of The objective of this study is to
identify the possible subsurface structure framework that may assist in delineation of
promising areas for hydrocarbon reservoir Gradient techniques including Euler
Deconvolution and analytic signal have been applied to the observed magnetic data by
National Research Institute of Astronomy and Geophysics, Egypt Then the result of this
study geological trends and depths of subsurface geologic structures are defined. The
central portion of the area is characterized by basin block forming a graben bounded by
major uplifting faults striking in the NW-SE direction Depth to the basement of basin
structure ranges about 1.5 km in the eastern and western parts of the study area and gets
deeper toward the central part up to 4.5 Km Moreover, gradient interpretation techniques
supplied by geologic and drill hole information enabled delineation of promising areas which
are highly recommended for further hydrocarbon exploration in the area.
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MAGNETIC AND GRAVITY MODELLING ON FUEGUINIAN FOLD-AND-THRUST BELT.
ARGENTINE

Alejandro Alberto TASSONE', Juan Francisco VILAS?, Maria Alejandra COMBA®, Horacio
Francisco LIPPAI‘, Emanuele LODOLO?, Marco MENICHETTI®, Jose Luis HORMAECHEA’
('18270, 29848, *18277, ‘18273, 519228, ©19233, "19220)

The studied area is localized in the central northern side of the Fueguian Andes, where the
structures of the external thrust front propagate through to the Magallanes thin-skinned
foreland fold-and-thrust belt. A system of Oligocene-Quaternary E-W (the Magallanes-
Fagnano Fault System, MFS) left-lateral strike-slip faults with an extensional component
overprints the contractional structures and is responsible for the main depression of the Lago
Fagnano. A Quaternary system of N-S faults with right-lateral strike-slip attitude crosses all
the previous structures and probably constitutes the present day deformation strain field in
the eastern part of the Island. Geophysical field surveys allowed to acquire 440 DGPS-fixed
data points where gravity, magnetic and magnetic susceptibility measurements were
performed. In the surveyed area, the MFS segments have clear morphological expression,
and are associated with localized gravity minima in correspondence of their unconnected
ends. At the ESE tip of Lago Fagnano, the magnetic data suggest the existence of several
intrusive bodies in the subsurface. The magnetic anomaly for each of these bodies indicates
a rotation in relation to the N-S direction. The geophysical modeling of an outcropping
monzodioritic body revealed a piston shape. A 2D numeric modeling was performed
(employing the IGMAS software) with the data of total Bouguer anomaly. The model displays
a N-S section of about 40 km through the upper 10 km. A 2D numeric modeling was
performed with the data of total magnetic anomaly using the Geomodel software. The model
N-S cross-section through the area combines the acquired gravity data with the field
geological information and the geometry of the deep structures derived from industrial
seismic reflection lines. A very good fitting was observed between the measured and
computed values for the basement depth whose modelized geometry indicates a southward
deepening from 5 km to 7 km. The model geometry of the deep duplex with buried leading
edge is geometrically similar to the structures exposed in the western part of the Island. The
model geometry of passive roof thrusts and back-thrust that develop the triangle zone north
of the Lago Fagnano area is well constrained with the geological field data and well marked
by the seismic reflectors of the shear zones. The lower detachment levels have up to 40% of
shortening, while the upper structures display less than 20% of contraction. In the modelized
section the MFS is related to a -49 miliGal minimum. The offset of the strike-slip faults
toward the plane of the section constitutes one of the main incertitude for lack of geometrical
tags. Field geological data and regional considerations indicate that the offset could be about
few tens of km.

JSA07/11A/D-048 Poster 0830-048

RELATION BETWEEN TECTONICS FEATURES AND EPICENTER SEISMIC
DISTRIBUTION PATTERN (ARGENTINE CENTRAL ANDES

Guillermo Hector RE', Maria Silvia JAPAS?, Silvia Patricia BARREDO' ('Dpto. Geologia -
Universidad de Buenos Aires, *CONICET - Argentina)

The Cordillera de los Andes system lies parallel to the Peruvian-Chilean trench, which
delineates the meet zone between the subducted oceanic plate (Nazca Plate) and the
continental plate (South American Plate). This active margin shows numerous and important
tectonic changes along its entire strike. One of the most conspicuous characteristics is the
significant change in the subduction angle along the South American Coast. It is thus that
two sub-horizontal subduction segments are observed (between 2° S and 15° S and
between 27° S and 33° S). Anomalies located in the convergence process along the west
margin of the South American plate would be caused by the subduction of aseismic ridges
and chains of submarine foothills dragged by the Nazca Plate during its descent. Another
effect caused by the change in the subduction angle is the displacement of the different
tectonic fronts several hundred kilometers towards the East, and the subsequent rise of
numerous mountain systems in the West sector of Argentina since Miocene up to the
present times (Precordillera, Western Sierras Pampeanas, Sierra de Famatina, Eastern
Sierras Pampeanas). These rises have conditioned the development of important continental
sedimentary basins. Where the epicentres of South America margin are plotted two types of
distribution patterns can be noticed: between 17° S and 23° S the fabric shows a bending
design parallel the continental margin; from 24° S onwards there is an earthquake alignment
tendency with depth following NNE, NNW and ENE-WSW directions. Taking into account
only those of shallower depths a persistence of the alignments previously defined can be
observed. In addition, it is outstanding the good correspondence between the northern NNE
lineament observed with respect to the present volcanism boundary. Another striking point,
is the correspondence (localization and orientation) between the NNE and NNW lineaments
and those which, for this particular zone, can be defined from the localization of the seismic
epicenters. This latter would not only certify the kinematic importance of the major lineament
already described but would also provide the scale thereof as a direct consequence of the
involvement of the continental lithosphere deeper portions. In the case of the ENE — WNW
seismic epicenters alignment the orientation permits to suspect the incidence of the
subduction of the Juan Fernandez ridge.Another significant characteristic is the
correspondence between those lineaments defined in surface on the basis of the above
mentioned elements and the deep earthquake alignments in the subducted plate. This
apparent correspondence is major for the flat-slab subdution zone, probabily due to the
interplate coupling.
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MEASUREMENT OF COMPARATIVE TERRESTRIAL STRESS AT XIAN AND NEARBY
AREAS AND EARTHQUAKE FATALNESS STUDY

Wen-xiang WANG, Wu-yang YANG (China Coal Research Institute, Xi'an Branch)

Through studying the distribution-configuration and variation-characteristics of deep
underground depth terrestrial stress, the on the ground location of where the earthquake will
occur can be determined, the magnitude of the future earthquake can be calculated, and the
timing of the earthquake occurrence could be held.With the DYL Type Terrestrial Stress
Measurement Instrument, installed on a vehicle or on a train, using a natural electromagnetic
wave field source, can directly and rapidly measure the comparative terrestrial stress
magnitude of which geological bodies are subjected to at deep underground depths of 5km,
7km and 10km. Through the study method of terrestrial stress issoline analysis, can
determine the configuration and size of future earthquake source zones, explain locations of
deep and major faults and terrestrial heat abnormal zones. In accordance with the
background data, detected and measured by the MDCB Instrument, indicating that
damaging earthquake underlies dormant in areas nearby Xian, as well as the Xian
Seismology Bureau’s consultation and study opinion on situation of earthquakes nearby Xian
for the year 2001, the Xian Municipal Government and the Xian Municipal Science
Committee approved to establish the project for studying the conditions of terrestrial stress at
deep underground depths at Xian and nearby areas. This paper is the resulting report of the
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completion study on this project.Upon review and examination by concerned specialists from
the State Seismology Bureau of China, it was concluded that this report provides important
seismological and geological basis for determining the on the ground location for where
damaging earthquake(s) could occur nearby Xian in the future, and for the Xian area to
establish earthquake resistance, earthquake prevention measures and earthquake precursor
monitoring and measurement measures.
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THE ROLE OF EXTRATROPICAL WAVE FORCINGIN DRIVING POSSIBLE SOLAR
CYCLE VARIATIONS IN THE TROPICAL LOWER STRATOSPHERE

Lon L. HOOD', Boris E. SOUKHAREV? ('Lunar and Planetary Laboratory, University of Arizona,
“Dept. of Climatology, University of St. Petersburg)

Records of column ozone, temperature, and geopotential heightwith lengths greater than 20
years are consistent with the existenceof a long-term, quasi-decadal oscillation (QDO) of the
tropicaland subtropical lower stratosphere. This long-term variation has beenapproximately
in phase with the 11-year solar cycle during theperiod for which accurately calibrated data
are available.Two-dimensional models demonstrate that direct solar UV photochemicaland
radiative forcing in the lower stratosphere is unlikelyto produce a QDO of the observed
amplitude. We have thereforeinvestigated whether solar UV variations inthe upper
stratosphere may modulate extratropicalwave forcing. The latter is an important driver of the
Brewer-Dobsoncirculation, which influences the tropical lower stratosphere bychanging the
rate of vertical transport. For this purpose,daily and monthly mean meridionaleddy heat
fluxes have been calculated at a series of lowerstratospheric pressure levels over a 23-year
period usingNational Centers for Environmental Prediction (NCEP) Reanalysis data.
Adecadal variation of the low-pass filtered extratropical eddy heat fluxis present in both
hemispheres with an amplitude that increases withincreasing altitude. A simplified model of
the contribution ofextratropical wave forcing to long-term variations in tropical
lowerstratospheric ozone and temperature is then formulated based on theozone chemical
continuity and thermodynamic energy equations. Usingthis model together with empirically
derived regression relationshipsbetween short-term changes in extratropical eddy heat flux
and tendenciesin both tropical column ozone and lower stratospheric temperature, itis found
that decadal variations of extratropical wave forcing in bothhemispheres are sufficient to
explain approximately both the amplitudeand the phase of the observed QDO of the tropical
lower stratosphere.

JSA08/09A/A08-002 Invited
EVIDENCE OF THE SOLAR CYCLE IN THE GENERAL CIRCULATION

0915

Murry L. SALBY", Patrick F. CALLAGHAN? ('The University of Colorado, 2Atmospheric Systems
and Analysis)

NCEP reanalyses are used to isolate systematic variations in the stratospherethat operated
coherently over the last 4 decades with the 11-yr variation of UV irradiance. A systematic
variation is scarcely visible at low frequency,which would reflect a simple linear response
that drifts with solar flux, F_. However, a systematic variation manifests itself clearly at high
frequency,which involves changes between neighboring years. Corresponding to interannual
variability, the systematic variation at high frequency reflects amore complex, nonlinear
response to the 11-yr variation of UV irradiance. It is analogous to a similar variation found
earlier in the QBO of equatorial wind, u_.. Interannual variability undergoes a frequency
modulation that systematically alters its phase during winter, when planetary waves couple
the polar and equatorial stratosphere. The polar-night vortex is then sensitive to equatorial
wind,which itself varies systematically with F. Monte Carlo simulations indicate that the
systematic variation of wintertime phase is highly significant. The systematic variation
appears prominently in the wintertime tendencyof temperature, which is coupled directly to
the residual mean circulation.In fact, the anomalous wintertime tendency operating
coherently with F_has the same basic structure as that operating coherently with anomalous
forcing of the residual circulation. Each reflects anomalous downwelling over the Arctic that
is compensated at lower latitude by anomalous upwelling.The structural similarity of these
anomalies suggests that the systematic variation at high frequency enters through changes
of the residual circulation. Accompanying the variation of zonal-mean structure is a
systematic amplification and decay of wave-number 1 at high latitude.It represents a
poleward advance and retreat of the critical region, or surfzone,where planetary waves
experience strong absorption that forces residual motion. This variation of wave structure,
along with anomalous residual motionit forces, parallels the systematic variation of equatorial
wind.Wintertime-mean u_, suggests a reversal in anomalous downwelling between solar min
and solar max, one broadly consistent with the observed reversal in anomalous temperature.

JSA08/09A/A08-003
SOLAR ACTIVITY AND GLOBAL/REGIONAL WARMING AND COOLING

0945

Hengyi WENG (LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences)

The coherence between the solar activity and global and North Pacific winter sea surface
temperature (SST) variation on centennial timescales such as the Gleissberg cycle (~80-90
yrs) and the Suess wiggles (~200 yrs), may be a manifestation of solar impacts on global
and regional warming trend since the beginning of the 20th century. The additional
harmonics of the Gleissberg cycle (~40-45yrs and 27-30yrs) and the subharmonics of the
11-yr solar cycle (33yrs and 44yrs) may be related to the SST variability on interdecadal
timescale with two warm periods in the 1940s-50s and 1980s-90s, and the cool period in the
1960s-70s. The sunspot number may be a rather good predictor for global and North Pacific
SST variation on interdecadal timescale. If the predicted sunspot number published by
NOAA/NGDC is reliable, then the global and the North Pacific winter SST may undergo a
cooling decade at the beginning of the 21th century based on the reduced solar activity up to
2007, compared with the last decade in the 20th century.
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WINTER NAO VERTICAL STRUCTURE PROFILE CHANGES IN ASSOCIATION WITH
THE SOLAR ACTIVITY, GEOMAGNETIC ACTIVITY AND THE QBO

Pavel HEJDA, Josef BOCHNICEK (Geophysical Institute, Academy of Sciences, 141 31 Prague,
Czech Republic)

The aim of the paper is to analyse the association between the solar activity,geomagnetic
activity and the QBO phase on one side and the changes of NAO vertical structure profiles
going through eastern part of North America continent, eastern Atlantic, middle Europe,
western part of Asia continent and eastern Pacific on the other. For this purpose,
corresponding NAO meridional cross-sections were created on the series of pressure,
temperature and prevailing wind distribution in the levels between sea level and 100 mb
level. Changes in the meridional cross-sections observed in winter (January+February)
periods 1952-2001 were investigated by the composite method. The occurred changes seem
to be associated with both the activities as well as the QBO phases. Statistical significance
of the composite maps were tested using Student's t-test. Meteorological data in the winter
periods 1952-2001 for pressure and temperature, and in winter periods 1964, 1967-1969,
1971-2001 for prevaling winds were taken from the NCAR Research Data Sets.

JSA08/09A/A08-005 1015

THE IMPORTANCE OF STRATOSPHERIC DYNAMICS IN DETERMINING THE
RESPONSE OF THE TROPOSPHERE TO SOLAR FORCING

Michael Anthony PALMER', Lesley GRAY', Myles ALLEN” ('Rutherford Appleton Laboratory,
*University of Oxford)

In order to quantify the potential impact of anthropogenically inducedclimate change, it is
vital to understand the natural variability of theclimate system. A crucial, unresolved question
involves the climatic effectof changes in total solar irradiance (TSl), and in particular the role
thatthe stratospheric circulation plays in inducing anomalous flow at lower,tropospheric
levels. Using the Unified Model, in a configuration with amixed-layer ocean and a well
resolved stratosphere, we investigate the roleof stratosphere/troposphere coupling in
governing the response to solarforcing. The importance of realistically simulating the natural
variabilityof the stratosphere is studied, by comparing model runs both with andwithout a
scheme to account for the vertical propogation of gravitywaves. The implications of our
results for climate change detection studies,which have tended to use models without a well
resolved stratosphere, isdiscussed.

JSA08/09A/A08-006 1030

STUDY OF LONG TERM CHANGES IN THE GEOMAGNETIC FIELD, CUTOFF
RIGIDITIES, COSMIC RAYS, AND POSSIBLE RELATION TO CLIMATE CHANGES

Don Frederick SMART, Margaret Ann SHEA (CSPAR, University of Alabama in Huntsville)

The possibility of a connection between cosmic radiation and climate has intrigued scientists
for the past several decades. The studies of Friis- Christensen and Svensmark have
reported a variation of 3-4% in the global cloud cover between 1980 and 1995 that appeared
to correlate with the change in galactic cosmic radiation flux over a solar cycle. We present
results of a study of geomagnetic cutoff rigidity changes over a 400-year interval. These
results show that the change in cutoff rigidity over the last 400 years results in a change of
the cosmic radiation flux impacting the earth that is approximately equal to the relative
change in flux over a solar cycle. These changes in cutoff rigidity are non-uniform over the
globe with both significant increases and decreases at mid-latitude locations. We suggest
that in long term studies of possible cosmic ray correlations with climate, not only the solar
cycle modulation of cosmic radiation be considered, but also the changes in the cosmic
radiation impinging at the top of the atmosphere as a result of the long term evolution of the
geomagnetic field.

JSA08/09A/A08-007 1045

THE POSSIBLE CONNECTION BETWEEN IONIZATION IN THE ATMOSPHERE BY
COSMIC RAYS AND LOW LEVEL CLOUDS

Enric PALLE', John C. BUTLER? Keran O'BRIEN® ('Big Bear Solar Observatory, *Armagh
Observatory, *Northern Arizona University)

Recent analysis of monthly mean cloud data from the International SatelliteCloud
Climatology Project (ISCCP) have uncovered a strong correlation between lowcloud and the
cosmic ray flux for extensive regions of the Earth. New data has been recently released up
to September 2001. With it, we have made a new study of the geographical variation of the
correlationbetween low cloud and predicted ionization level from cosmic rays at 2kmaltitude.
We find a latitude dependence of the correlation that does notcorrespond to that expected
from the geographical variation in cosmic ray flux.In addition, we find that there is an
unexplained longitude dependence. Moreover,the fact that satellite monitoring of low cloud
must frequently be made throughintermediate higher level cloud gave rise to a concern that
the result may havebeen influenced by the presence of higher clouds. Here, by excluding
days whenmid-level and higher clouds are present, we provide evidence that the low
cloudvariation over the period 1983-1994 is real and not due to overlapping higherclouds.
Thus, some evidencesupports the connection between cosmic rays and low cloud whilst
other evidencemitigates against. We use a toy model to calculate the climatic impact should
the correlation be confirmed.We show that, under the most favorable conditions, a reduction
in low cloudfactors since the late 19th century, combined with the direct forcing by
solarirradiance can explain most of the global warming over the past century but not
all. However, this computation assumes that there is no feedback or changes incloud at other
levels.

JSA08/09A/A08-008 Invited
A LIKELY DECADAL SOLAR-CYCLEEFFECT IN THE TROPICS

1130

Harry VANLOON (Colorado Research Associates)

The availability of global precipitation data after 1978 enables an examinitation of the
influence of the 11-years solar cycle on the rainfall associated meteorological elements in
the tropics during three solar maxima and two minima. In July-August the mea rainfall in
solar maxima was higher than in the minima from India southeastward to the Pacific warm
pool in the ocean and in the Intertropical Convergence Zones of the North Pacific and
Atlantic Oceans. The mean difference between solar maxima and minima in tropospheric
vertical motion and in the mean outgoing long-waveradiation was consistent with the
difference in the rainfall: the vertical motion was more upward / less downward and the OLR
was from higher cloudtops in the areas higher rainfall in the solar maxima than in the
minima. The signal is found in the tropical centers of action. The difference in vertical motion



between maxima and minima of the solar cycle suggests a solar influence on the Hadley and
Walker cells. Similar signals are found between extremes in the Southern Oscillation in July-
August of the year® in the extremes; but the signals is larger by the factor of two to four.

JSA08/09A/A08-009 1200

THE GLOBAL SIGNAL OF THE 11-YEAR SUNSPOT CYCLE IN THE ATMOSPHERE:
WHEN DO WE NEED THE QBO?

Karin LABITZKE (Institut fuer Meteorologie, FU Berlin)

The global structure and the size of the signal of the 11-year sunspot cycle (SSC) in the
stratosphere and troposphere was examined in earlier studies. The correlations between the
solar cycle and heights and temperatures at different pressure levelswere mainly carried out
with the whole data set and only during the northern winters the Quasi-Biennial Oscillation
(QBO) was introduced. Here, this work is expanded and it is shown that the QBO must be
introduced especially during the northern summers, because the solar signal is very different
in the respective phases of theQBO, particularly over the tropics and subtropics. The
structure of the solar signal in (northern) summer appears to indicate that the mean
meridional circulations (Hadley and Brewer-Dobson Circulations) are influenced by the
SSCespecially during the east phase of the QBO. This result may help to find the
mechanism through which the solar cycle (and the connected variation of the UV
radiation)can influence the atmosphere.

JSA08/09A/A08-010 1215

OSCILLATIONS IN THE SUN-EARTH SYSTEM AS MANIFESTATION OF FORCES OF
ASTRONOMICAL ORIGIN

Tamara V. KUZNETSOVA, Lev B. TSIRULNIK (IZMIRAN, Russian Academy of Sciences)

Spectra of interplanetary magnetic field (IMF) modulus and solar wind velocity V used
measurements in space during 1963-1998 years at 1 AU near the ecliptic plane has been
calculated by a method of a non-linear spectral analysis (MGM). The most power (in short-
periodic part of the spectra) non-stationary (with varying phase and amplitude) oscillations at
periods T=1.3 years detected both in spectrum of B and V are discussed, their parameters
are described (time intervals of damping, building up, and regime change of oscillations, time
changes of amplitude and phase etc.). It is shown that time changes of the non-stationary
oscillations does not depend on 11-year solar cycle that allows placing the source of the
oscillations under the convection zone of the Sun. Additional arguments are presented (such
periodicity was detected in the spectrum of neutrino flux, in variations in the rate of the Sun
near the base of the convection zone with the same period etc). Remarkable feature of the
cycle at T=1.3 yr. is that the regime change (from damping to building up) of the oscillations
(marked by phase shifts called by phase catastrophes) took place simultaneously both in
solar and interplanetary data. Besides, time intervals marked by extreme points of the
second derivatives of phase with respect to time of the cycle at T=1.3 yr. coincide with the
time intervals of well-known geomagnetic jerk events (secular variation impulse). Periodicity
1.3 yr. was extracted from different geophysical data. Possible sources of the Sun-Earth
oscillations are discussed. Thorough analysis of the spectra shows that its periods can be
interpreted as periods (and overtones) of astronomical periods reflecting dynamics of the
external planets of the solar system (starting from the Earth). In particular, oscillations at
T=1.3 yr. are forced by perturbed tide forces (this component of the tide force is connected
with motion of the Sun relative to the mass center of the solar system) of Mars, Jupiter,
Saturn and Uranus. Amplitude of oscillations at T=1.3 yr. is increasing for now. Long-periodic
changes in the IMF and V have essentially different character. It is shown determining
contribution of the long-periodic parts of the spectra to the changes of velocity and IMF at the
Earth's orbit.

Wednesday, July 9 PM
Presiding Chairs: M. Salby, K. Kodera

JSA08/09P/A08-001 1400
TREND DISCOVERED IN TOTAL SOLAR IRRADIANCE DURING SOLAR CYCLES 21-23

Richard Clayton WILLSON (CCSR Columbia University)

Results from a series of satellite total solar irradiance (TSI) observationscovering the period
1978 - 2003 can be combined in a precise composite TSldatabase by determining the
relationship between two non-overlappingcomponents: SMM/ACRIM1 and UARS/ACRIM2.
An ACRIM composite TSI time series using Nimbus7/ERB results to relate ACRIM1 and
ACRIM2 demonstrates a significantsecular upward trend of 0.05 percent-per-decade
between consecutive solaractivity minima. The PMOD TSI composite of Frohlich and Lean
uses ERBSresults to relate ACRIM1 and ACRIM2 and differs from the ACRIM composite in
twosignificant respects: a negligible trend between solar minima and lower TSlduring solar
maxima. These differences are shown to be artifacts of ERBSdegradation and modifications
of Nimbus7/ERB and ACRIM1 published results thatproduce better agreement with the
predictions of TSI/solar proxy models.

JSA08/09P/A08-002 Invited
DYNAMICAL RESPONSE TO THE SOLAR CYCLE

1420

Kunihiko KODERA (Meteorological ResearchInstitute)

The dynamical impact of the 11-year solar cycle is investigated with the focus on the
stratopause region where solar ultraviolet heating is greatest. The results of the analysis
suggest that in a climatological mean state, the stratopause circulation evolves from a
radiatively controlled state to one dynamically controlled during winter in both
hemispheres.The transition period is characterized by a poleward shift of the westerly jet.
The solar cycle effect appears as a change in the balance between the radiatively and
dynamically controlled states.The radiatively controlled state lasts longer during the solar
maximum phase and the stratopause subtropical jet reaches a higher speed. The large
dynamical response to relatively weak radiative forcing may be understood by the bi-modal
nature of the winter atmosphere due to interaction with meridionaly propagating planetary
waves and zonal-mean zonal winds. It is suggested that the solar influence produced in the
upper stratosphere and stratopause region is transmitted to the lower stratosphere through
(i) modulation of the internal mode of variation in the polar night jet and (ii) a change in the
Brewer-Dobson circulation. The first process is significant in the middle and high latitudes,
whereas the latter is prominent in the equatorial region.

JSA08/09P/A08-003
A MODEL OF SOLAR SPECTRAL IRRADIANCE NEAR MG Ii

1450

Jeff Stanley MORRILL', Kenneth P. DERE', Clarence M. KORENDYKE', Linton E. FLOYD?, Judith
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L. LEAN' ('E. O. Hulburt Center for Space Research, Naval Research Laboratory, “Interferometrics
Inc., Chantilly, Virginia, USA)

We are currently developing an empirical model of solar spectral irradiance varaibility near
Mg Il that combines areas and locations of plage and sunspots with wavelength dependent
contrast factors in order to estimate the solar spectrum. These areas are derived from full
disk solar images of Ca Il K. At UV wavelengths, earlier models have relied on estimated or
calculated contrast factors that are often at low resolution. Using quiet sun, plage, and
sunspot spectra near 280 nm measured by the NRL HRTS instrument, we have recently
derived the wavelength dependent contrast factors for plage and sunspots. We have also
examined wavelength dependent limb darkening. In this presentation we will discuss the
details of the current model including the use of measured high resolution contrast factors
and limb darkening in the 276.5 - 288.5nm region. A preliminary comparison of model
results with SUSIM observations will be presented. These comparisons will examine
spectral irradiance variations on solar rotational and solar cycle timescales.

JSA08/09P/A08-004 1510

WAVELET TRACING OF SOLAR, GEOMAGNETIC AND CLIMATE CHANGES
Dmitri I. PONYAVIN (Institute of Physics, University of St.Petersburg, 198504, Russia)

Wavelet technique was applied to the sunspot, geomagnetic and air surface temperature
records in the Northern hemisphere. Patterns of reconstructed wavelet coefficients were
compared to find their similarities and coherence at different time and time-scale. We found
a quasi 11-year oscillation in theregional temperature time series established since 1930. It
was also founda quasi three-cycle periodicity in all studied data. Predictions of the current
and future solar cycles, geomagnetic activity and climatic regional changes were made using
trends discovered.

JSA08/09P/A08-005 Invited 1550

MODELLING THE INTERACTION OF THE SOLAR AND QUASI BIENNIAL INFLUENCE
ON THE STRATOSPHERIC WINTERTIME CIRCULATION

Lesley J. GRAY', Simon CROOKS? ('Meteorology Dept., Reading University, *Oxford University,
UK.)

The equatorial quasi biennial oscillation of wind direction in the lower stratosphere is known
to influence the propagation of planetary waves in the Northern Hemisphere winter-time.
Recent model and data studies have suggested that the equatorial wind direction in the
upper stratosphere is also influential on the frequency of sudden stratospheric warmings.
The equatorial upper stratosphere is a region that is highly influenced by solar variability and
current estimates of the zonal wind anomalies associated with the 11-year solar cycle are of
the same order of magnitude as the QBO anomaly in this region. It is possible that these two
upper equatorial influences may explain the observed interaction of the solar and QBO
signals in northern high latitudes. The recent model and data studies will be summarised.
New experiments using both a stratosphere-mesosphere model and a full GCM will then be
described. In all studies a zonal wind anomaly at the equator is imposed and the response of
the northern polar vortex variability is analysed. Experiments range from a simple
comparison of the influence of the upper versus the lower equatorial stratosphere through to
simulations that have an imposed QBO throughout the stratosphere and also an imposed
11-year solar cycle.

JSA08/09P/A08-006 Invited
REALISTIC SOLAR SIGNAL IN THE FUB-CMAM

1620

Katja MATTHES, Ulrike LANGEMATZ (Institut fuer Meteorologie, Freie Universitit Berlin)

So far, GCM studies have not been able to capture the magnitudeand characteristics of the
observed 11-year solar signal in thestratosphere satisfactorily. Here, results from model
experimentswith the “Freie Universitat Berlin Climate Middle Atmosphere Model(FUB-
CMAM)” are presented which are for the first timecomparable with observations. The
experiments usedrealistic spectral solar irradiance changes, ozone changes from a2D
chemical model, and a relaxation towards observed equatorialwind profiles throughout the
stratosphere. The results suggest that irradiance and ozone changes alone arenot sufficient
to reproduce the observed solar signal in a GCM. Theyemphasize the important role of
equatorial winds in achieving amore realistic wind climatology and therefore a more
realisticsolar signal. Interestingly, only the magnitude of the anomaliesduring the dynamically
active season improves, whereas the summersignal as well as the signal at low latitudes is
still too weak. It will be shown that not only the solar signal is reproduced inthe model
experiments but also the interaction with the QBO.Similar to observations, major
stratospheric warmings occurpreferentially in the west phase of the QBO during solar
maximum years.

JSA08/09P/A08-007
A MECHANISM FOR SOLAR VARIABILITY EFFECTS ON SURFACE CLIMATE

1650

Mark P. BALDWIN (Northwest Research Associates)

Despite the observational, theoretical, and modeling evidence in favor of a solar cycle
influence on climate, a coherent mechanism (that amplifies the solar signal in the upper
stratosphere and brings it to the surface) is not well understood. | will discuss one possible
mechanism that involves wave, mean-flow interaction and would be capable of transmitting
circulation anomalies in the upper stratosphere to Earth's surface. In observational data
zonal wind anomalies in the stratosphere tend to progress northward and downward through
the stratosphere on a timescale of a few weeks. The process of wave, mean-flow interaction
in effect amplifies the anomalies as the progress downward from ~1 hPa to below the 100
hPa surface. This mechanism does not appear to be capable of propagating the anomalies
from just above the tropopause to Earth's surface, but in observations the anomalies do
descend. Once annular mode anomalies are just above the tropopause, they are observed
to bias the tropospheric annular mode to be, on average, the same sign as that in the
lowermost stratosphere. To date, specific mechanism to couple the stratosphere and
troposphere has not been identified. Although several mechanisms could be at work, | will
show that most of the evidence points toward an interaction between anomalies in the
lowermost stratosphere and synoptic-scale waves in the upper troposphere. Once the waves
(specifically, the wave momentum fluxes) are affected, the tropospheric response is a
combination of zonal-mean flow adjustment and zonal-mean surface pressure changes.
These surface pressure changes are seen as shifts in the surface annular mode, or Arctic
Oscillation. The mechanism described above operates on an intraseasonal timescale, but
would presumably operate consistently with interannual (or long-term) changes to forcing in
the upper stratosphere. Observationally, a considerable difficulty is that the 11-year solar
cycle is not the only forcing, and its effects seem to be dwarfed by the QBO and other
natural interannual variability. Since the observational data record is less than 50 years,
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other effects (the QBO, ozone loss, greenhouse gas increases, etc.) make the signal difficult
to see. This mechanism is not specific to the solar cycle, and would also allow for the
downward propagation of any other signals from the stratosphere. This mechanism may help
explain why the climate system is sensitive to circulation anomalies in the upper
stratosphere, regardless of their origin.

JSA08/09P/A08-008 1710

THE MANIFESTATION OF SOLAR ACTIVITYIN CLIMATE CHARACTERISTICS OF THE
BAIKAL REGION

Gelii A. ZHEREBTSOV, Vladimir A. KOVALENKO (Institute of Solar-terrestrial Physics)

Long-term ground air temperature (GAT) variations have been analyzed. It is shown that the
main meaningful GAT variations in the Baikal region for the period 1881-1960 were caused
by solar variability, and the amplitude of these variations was 1 degree. Since the 1960s,
with the persisting solar variability influence, the effect of another factor has been observed,
the role of which was steadily increasing, and in the last decade it has already exceeded the
contribution from solar variability. During the period from 1960 to 1997, the temperature rise,
not associated with solar variability, was 1.5 degree. Analysis of the seasonal GAT variations
showed that the ongoing variations are most clearly pronounced in the winter-spring period
and are associated with the reduction of the stationing time of the Siberian anticyclone. This
indicates that the mechanism of realization of the regional climate variability is the global
atmospheric circulation rather than a local change in the atmospheric energy balance. It is
most likely that this new factor are the global changes in the thermal regime of the
atmosphere caused by the anthropogenic effect. An analysis of the data characterizing the
forms of atmospheric circulation confirms the assumption made about the determining role of
the influence of the global circulation on the Siberian anticyclone's stationing time and
characteristics. Since solar cycle 20 (end of the 1960s) there has been a substantial change
of the correlation between the zonal and meridional circulation in favor of the latter. Thus the
region's ground air temperature is very sensitive to global variations of the atmosphere
because of the enhancer: in the form of atmospheric global atmospheric circulation influence
on the Siberian anticyclone characteristics An analysis is made of the atmospheric radiation
balance elements from stations located in the Baikal region of east Siberia, and from the
network of other stations. It is established that in the overwhelming part of the territory, the
last 50 years have seen a statistically significant decrease in direct and total solar radiation
making up, respectively, 6.3% and 2.5% for 10 years. It is established that the scattered
radiation distribution spanning the period 1939-1986 reveals a clear 11-year periodicity.
Scattered radiation maxima that are clearly pronounced in the spring-summer period
correspond to the minima of solar activity and to maximum intensities of galactic cosmic
rays. Since the 1960s-1970s, this correlation has been disturbed. A possible physical
mechanism of solar-tropospheric couplings is discussed.

JSA08/09P/A08-009 1730

ABSORPTION PHENOMENA OF SOLAR XUV-RADIATION BY UPPER EARTH
ATMOSPHERE IN THE NUMERICAL MODEL OF THE NEUTRAL ATMOSPHERE WMAO1

Kirill A. BOYARCHUK!', I.A. ZHITNIK?, G.S. IVANOV-KHOLODNY', A.V. KARELIN', O.P.
KOLOMIITSEV!, A.S. TRUSHIN? ('Institute of Terrestrial Magnetism, Ionosphere and Radiowave
Propagation, “Lebedev Physical Institute)

The numerical model of a neutral Earth’s atmosphere - working model of atmosphere 2001
(WMAO1), designed in Institute of the Terrestrial Magnetism, lonosphere and Radiovawe
Propagation, was corrected on the basis of the data of atmospheric sounding in X-ray range.
The absorption phenomena by a Earth’s atmosphere of solar XUV-radiation observed in the
Sun’s images obtained by a telescope TEREK-K (Space Vehicle “Koronas-I") in May-June
1994 at low activity of the Sun and instrumentation SPIRIT (Space Vehicle “Koronas-F") in
October - November 2001 in a maximum of activity are studied in this research. The images
of the Sun were registered on orbit segments when satellites moving in a shadow of the
Earth and en satellites moving out of a shadow. So the upper Earth’s atmosphere was
sounded at altitudes 100 - 500 kms .The telescope TEREK-K was tuning on spectrum range
175 A and 304 A. The scientific equipment SPIRIT were tuning on spectrum range 175, 304
and 8,42 A. Integral value of absorption, direction of a density gradient of atmosphere, the
local variations of absorption on an altitude to scale 1 km can be obtained by using of this
technique. This method can essential supplement traditional techniques of research of the
upper atmosphere and ionospheres.
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JSA08/10P/D-001 Poster 1400-001

THE PHYSICAL MECHANISM OF FAST CHANGES OF SOLAR IRRADIANCE AND
CLIMATE

Alexy I. LAPTUKHOV (IZMIRAN, Russian Academy of Sciences)

As known from theoretical hydrodynamics and observations, the rotation of the Sun, stars,
atmospheres and liquid nucleuses of planets is differential and unstable. Therefore the Sun
fluctuations of angular rotation speed and magnetic field are always observed. It means, that
some types of own fluctuations of the Sun (connected to its rotation and internal magnetic
field) are unstable. In the established condition amplitudes of fluctuations are such, at which
the surplus of energy of fluctuations (generated in unstable types with frequency Fun) is
equal to dissipation of energy in all steady modes with frequencies Fsi, i, n=1,2,3, AEIf, for
example, 2Fu1-Fs2=0 (or in more general case in view of a magnetic field: Fun +-Fum +-Fsi
+-Fsj=0), then the interaction of modes of fluctuations has resonant character and
consequently one is very strong. Let’s speak in this case, that the Sun is in a resonant
condition. It is important to understand, that in a resonant condition the amplitude of unstable
own (but not forced (!)) oscillations is established minimal (but not maximal). Really, at
condition of an almost strict resonance because of strong interaction oscillations modes the
surplus of energy (generated in unstable modes) transfers to steady already at SMALL
amplitudes of oscillations. Than the condition of a resonance is more precisely executed, the
less amplitude established oscillations, the less activity of the Sun and speed of
reorganization (change) of his structure, the more time Sun life in such condition. At an exit
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from a resonant condition (for example, due to slow change of chemical composition as a
result of nuclear reactions) the amplitude of fluctuations of unstable modes grows. Activity of
the Sun and speed of change of its structure too are increased. Because of it the own
frequencies of oscillations change, and the former resonant condition is carried out worse
and worse, and the new resonant condition (with other set of own frequencies) is carried out
at first poorly, and then it is better and better. In result the Sun passes from one almost
stationary and resonant condition in another. The time of such transition is mach smaller
then Sun life-time in a resonant condition. More in detail about this mechanism it is possible
to read in the published in Russian work:[ Laptukhov A.l. A role of nonlinear resonant
interactions in fluctuations of the Sun and his evolution // Solar plasma and geomagnetic
disturbances. M.1989. p.5-12]. We see, that the evolution of the Sun occurs not to constant
speed, but numerous (and already therefore small), short-term jumps. It is quite possible,
that now on the Sun begins to occur or already actively there is one of such next jumps.
Such transition is accompanied by small changes of all basic characteristics of the Sun,
including it energy output. Probably, it explains observable changes of the Earth climate.

JSA08/10P/D-002 Poster 1400-002

SHARP CHANGES AND OSCILLATIONS OF CLIMATE IN SOLAR-TERRESTRIAL DATA
IN THE PAST, PRESENT AS BASIS FOR FORECASTING THE FUTURE CLIMATE
CHANGES

Tamara V. KUZNETSOVA, Lev B. TSIRULNIK (IZMIRAN, Russian Academy of Sciences)

It is generally recognized that climate regime shifts are connected with sudden changes of
other geophysical systems although these systems are controlled by different physical
mechanisms. However, this speed and the global synchronicity of climate changes are the
major problems in understanding links between the Milankovich forcing of astronomical
origin and climate data. Time series of different solar-terrestrial data (on solar activity,
geomagnetic field variations, Be-10, C-14, anomaly of global surface temperature, etc) are
analysed by a method of non-linear spectral analysis (MGM method) to detect time intervals
of appearance of non-stationary oscillations of large amplitude and times of abrupt changes
of their oscillation regime. The most power non-stationary (with varying phase and
amplitude) sinusoid at mean period T~2230 yr. (and its overtones), reflecting oscillations of
non-dipole part of the geomagnetic field in C14 data and variations of long-term solar
activity), is connected with climate variability and its abrupt changes. Amplitude of the cycle
is increasing for present. It is well-known high correlation between changes of the
geomagnetic and gravitational fields. Elements of geomagnetic field are the most sensitive to
global changes. In particular, our spectral analysis of the longest data set of the inclination
variations on the Earth in Hartland showed: trend described by a polynomial has two
extreme points: at t~1815 yr. and at t~1993 yr.; t~1815 yr. is marked by violation of
Gnevishev-Ohl rule for solar cycles; t~1993 yr. is marked by the violation of the same rule
(1989-1994 yrs is a time interval of deceleration in the Earth's rotation too). Besides, warm
phase of SOI lasted during maximal time interval (1990-1995) for all period of observations
(140 yr.). Our careful comparative analysis of all results clearly shows that beginning of
global changes at present will be marked by global warming, decreasing of the value of the
magnetic moment of the Earth, reaching maximum of over-long cycle in sunspot formation
and etc; all these features are favourable for abrupt climate changes for the decades after
2012 yr. Analysis shows that the most power cycles of the calculated spectra can be
interpreted by periods (and overtones) of astronomical origin. It is possible to separate in
orbital motion of each celestial body non-perturbed (Kepler’s) part and perturbed one. The
non-perturbed part of tide force characterizes non-evolving orbital motion (analogous to
normal part of geophysical fields, for instance, gravitational and geomagnetic); respectively,
perturbed part of tide force characterizes evolving orbital motion (analogous of anomalous
part that can be extracted from observation). A possible physical mechanism is presented
showing a possibility of transformation of signals of perturbed tide forces of astronomical
origin (arising during orbital motion of the Earth) to geophysical systems through small
variations of dissipative parameters of a dynamo system.

JSA08/10P/D-003 Poster 1400-003

SOLAR AND CLIMATE VARIATION RELATIONSHIP SEARCHED BY STUDYING TREE
RING INDEX TIME SERIES FROM CHILE (1588 - 1994 A.D.)

Nivaor Rodolfo RIGOZO', Daniel Jean Roger NORDEMANN?, Heloisa Helena FARIA? Ezequiel
ECHER?, Luiz Eduardo Antunes VIEIRA?, Alan PRESTES® ('Faculdade de Educaci o e Tecnologia
Thereza Porto Marques (FAETEC) and Instituto Nacional de Pesquisas Espaciais (INPE), “Instituto
Nacional de Pesquisas Espaciais (INPE))

This work presents a study of the relations between solar and climate variations during the
last four centuries by spectral analysis of tree ring index, sunspot number, rainfall and
temperature anomalies time series. Trees used for this study were cupressaceous
Pilgerodendron from Glaciar Pio X, in Chile. Rainfall and temperature time series from
Punta Arenas, in Chile were used. The spectral analysis of tree ring index shows that 11, 22
and 80 year periodicities of the solar cycle were present in tree ring data with 0.95
confidence level. This result suggests a solar modulation of climate variations, as recorded
by the tree ring growth. Short-term variations, between 2-5 years, are also present in tree
ring data. This spectral analysis shows that both, solar and climate factors, are recorded in
the tree ring data.

JSA08/10P/D-004 Poster
SOLAR MAGNETIC FIELD AND MASS EJECTIONS DURING CYCLE 23

1400-004

Ahmed Abdel HADY (Cairo University)

The solar cycle 23 started in 1996 and its maximum was in May 2001. More thanten high
energic flares (Proton flares) occurred from solar active region’s of large and complex
magnetic fields of strength 2500 to 3000 gauss. The mass ejection measured by artificial
satellites for proton of energiesmore than 10 Mev. The increased of the solar wind in velocity
and density,which occurred after the releasing of the solar eruptive flares was measured by
artificial satellites. The geomagnetic storms and the sudden ionospheric disturbance
measured by ground stations. The used data will be world-wide solar-geophysical data as
that of NOAA, USA and Bejin observatory, China.The results lead to important role of the
local magnetic field of the solaractive region in production of high-energetic solar flares and
its effect onthe electromagnetic component and dynamic component of the flare. The effect
of the magnetic field on the three different phase of the eruptive flare were given (thermal
phase , impulsive phase , and recovery phase). Our results in this study, may be help in flare
prediction and mass ejection estimation before its reach to the earth and produce
geomagnetic storms.



JSA08/10P/D-005 Poster 1400-005

ON THE INFLUENCE OF HELIO-GEOPHYSICAL PARAMETERS ON GLOBAL
CIRCULATION PATTERNS

Tomas HALENKA (Dept. of Meteorology and Environment Protection, Fac. of Mathem. and Physics,
Charles University)

To represent an objective characteristics of circulation patterns the spectral structure of both
stratospheric and tropospheric fields is analysed in terms of spherical harmonics coefficients.
The aim of this study is to compare the long-term behaviour of global circulation structures
and their connections to some helio-geophysical influence, especially solar activity, solar
magnetic field and geomagnetic activity. NCEP/NCAR database of reanalyses is used with
appropriate spectral coefficients available for period 1948-2002 four times per day in 28
levels for vorticity, divergence, temperature, etc. Temporal analysis of significant spherical
harmonics is introduced as well as the comparison of their changes with respect to the
changes of different sets of solar, geomagnetic and global circulation indices. Quite strong
connections to a set of extraterrestrial parameters appear for some distinctive shapes of
polar vortex. The natural variability connected to the extraterrestrial influence is studied as
well as interannual variability with the emphasis to the QBO and ENSO. The systematic
review of the appropriate correlations is presented and decadal variability and long-term
trends are pointed out for some of wave numbers. The connections between stratospheric
and tropospheric circulation is also discussed in terms of coefficients of spherical harmonics
affected by extraterrestrial influence. Long-term changes in the variability of the circulation
patterns are analysed by means of wavelet analysis as well.
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JSA09/10A/A08-001 Invited 0830

NONLINEARITIES, THRESHOLDS AND SURPRISES: WILL THE FUTURE SURPRISE
us?

Michael C. MACCRACKEN (International Commission on Climate)

Climate change can result from external changes in climate forcing and from internal
fluctuations that move energy among elements of the climate system. Although changes in
forcing can be unexpected and relatively abrupt, it is generally assumed that the large
thermal capacities of the oceans and cryosphere are likely to moderate all but the very
largest changes (e.g., from asteroid impacts). However, paleoclimatic records suggest that
large and relatively rapid shifts in climatic conditions have occurred, at least on scales from
regional to semi-hemispheric. As context for this symposium on the potential for large or
sudden changes in forcing, this paper will summarize the results of IUGG symposium MC10,
which is focused on understanding past and potential future changes in climate that were in
the past, or could be in the future, larger, more rapid, or more unexpected than
straightforward climate sensitivity analyses would indicate.

JSA09/10A/A08-002 Invited 0900

LONG-TERM VARIATIONS OF THE MIDDLE ATMOSPHERE SEMI ANNUAL
OSCILLATION (SAO)

Dirk OFFERMANN', Matthias DONNER', Peter KNIELING', Annette MENZEL’, Barbara
NAUJOKAT® (‘Department of Physics, Wuppertal University, *Department of Ecology, Technical
University, Munich, *Institute of Meteorology, Free University of Berlin)

Long-term temperature data are available in the upper mesosphere from hydroxyl emission
measurements at Wuppertal (5° N, 7° E), in the stratosphere from SSU data, and in the
lower stratosphere from the Berlin analysis. Temperatures are influenced by solar forcing
from above and by dynamical forcing from below. They are corrected for these effects. The
strong seasonal temperature variations in the middle atmosphere allow to define a summer
duration by means of a threshold temperature, or by the circulation turn-around. This
summer length has changed by a few weeks in the last two decades: it has increased in the
mesosphere and decreased in the stratosphere. This will be compared to vegetation data on
the ground, where the length of the growing season has increased in a comparable way. The
middle atmosphere summer changes are related to considerable changes of the SAO.
These changes are found to be anticorrelated in the mesosphere and the stratosphere.
Latitude and longitude dependence of the phase changes will be analyzed by means of
CRISTA and SSU data. Circulation reversal data in the lower stratosphere go back by more
than four decades. They are used to discuss a possible anthropogenic influence on the
trends presented, and to give a respective prognosis.

JSA09/10A/A08-003 0930

THE EARTHSHINE PROJECT: MEASURING THE EARTH'S ALBEDO. LATEST
RESULTS

Enric PALLE', Pilar MONTANES RODRIGUEZ', Phillip R. GOODE!, Steve E. KOONIN?, Jiong
QIU', Jeff HICKEY” ('Big Bear Solar Observatory, *California Institute of Technology)

Since December 1998, photometric observations of the bright and dark sideof the Moon
have been regularly carried out at Big Bear Solar Observatory, withthe aim of determining a
precise and absolutely calibrated global albedo of the Earth.The up-to-date synoptic,
seasonal and long term variation in the Earth’s albedo are reported in this paper, toghether
with comparison with modelled albedo using modern cloud satellite data and Earth Radiation
Budget Experiment (ERBE) scene models. The Earth’s albedo has a major role in
determining the Earth’s climate. During the past 4 years, a significant increasing trend in the
averaged Earth’s reflectance has been detected in the observational data. More scarcedata
from 1994 and 1995 allow us to take a longer-term look at the Earth’salbedo variability and
the possibility of a response of this parameter to solar activity is discussed. Simultaneously,
spectroscopic observations of the earthshine have been carried out at Palomar Observatory.
First results and comparison betweenthe spectral and photometric observations are also
being presented.
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JSA09/10A/A08-004
VARIABILITY IN SOME NEGLECTED ATMOSPHERIC PARAMETERS

0945

Gufran BEIG (Indian Institute of Tropical Meteorology, PUNE, INDIA)

This talk will briefly touch upon some silent features related to the ‘changing atmosphere”
and set the platform for further deliberations. There may be several reasons for such
variability some may have long lasting and another may have sporadic impacts. Impact of
such effects (natural or anthropogenic) on some of the atmospheric parameters are seldom
discussed because they has such slow effects that even their additive results are difficult to
perceive. One such example is the ion chemistry of troposphere and stratosphere which gets
highly influenced by volcanic eruptions as well as growing level of Human induced
greenhouse gases and pollutants led by carbon-dioxide. Emphasis will be placed to such
parameters.

JSA09/10A/A08-005 Invited 1030

STRATOSPHERIC AND TROPOSPHERIC FORCING OF THE ARCTIC OSCILLATION BY
THE 1991 MT. PINATUBO ERUPTION

Georgiy L. STENCHIKOV', Alan ROBOCK', Kevin HAMILTON?, V. RAMASWAMY"*, M. Daniel
SCHWARZKOPF® ('Department of Environmental Sciences, Rutgers University, New Brunswick,
New Jersey, “International Pacific Research Center, University of Hawaii, Honolulu, *"NOAA
Geophysical Fluid Dynamics Laboratory, Princeton University, Princeton, New Jersey)

Observations show that strong equatorial volcanic eruptions have been followed by a
pronounced positive phase of the Arctic Oscillation (AO) for one or two Northern Hemisphere
winters. To understand the atmospheric processes that cause the AO response, we studied
stratosphere-troposphere interaction forced by the explosive volcanic eruption of Mt.
Pinatubo on June 15, 1991, which caused the strongest volcanic effect on the atmosphere
and climate in the 20th century. Following large volcanic eruptions, the radiative perturbation
from stratospheric aerosols exerts a strong influence on the climate system. Volcanic
aerosols cool the Earth’s surface because of reflection of solar radiation, and heat the lower
stratosphere because of absorption of thermal IR and solar near-IR radiation. The ozone
depletion that results from the presence of the stratospheric aerosols also perturbs the
radiation. In addition, radiative effects of aerosols and ozone interact with the quasi-biennial
oscillation (QBO) that dominates a tropical stratospheric circulation. We implemented
volcanic aerosols, observed ozone anomalies, and the QBO in the GFDL SKYHI GCM and
conducted a series of control and perturbation experiments to examine the evolution of the
circulation in the two years following the Pinatubo eruption. We were able to simulate fairly
realistically the observed temporal and spatial structure of stratospheric temperature
variations when QBO and aerosol forcings are included. The phase of the QBO appears to
modulate climate system sensitivity to a volcanic forcing. The QBO in its westerly phase
strengthens the AO response. Because of nonlinear interactions, aerosols and the QBO
together produce a stronger response than linear superposition of responses to each of
these forcings. Aerosol radiative heating in the tropical lower stratosphere strengthens the
equator-to-pole temperature gradient in the lower stratosphere and produces a stronger
polar night jet that in turn affects the propagation of planetary waves and tends to cause a
positive phase of the AO in winter. Ozone depletion causes a positive phase of the AO in
late winter and early spring by cooling the lower stratosphere in high latitudes, strengthening
the polar night jet, and delaying the final warming. Aerosol-induced tropospheric cooling in
the subtropics decreases the meridional temperature gradient in the winter troposphere
between 30N and 60N. The corresponding reduction of mean zonal energy and reduction of
amplitudes of planetary waves in the troposphere decrease wave activity flux into the lower
stratosphere. The resulting strengthening of the polar vortex forces a positive phase of the
AO. We suggest that this mechanism can also contribute to the observed long-term AO
trend being caused by greenhouse gas increases, because they also weaken the
tropospheric meridional temperature gradient due to polar amplification of warming.

JSA09/10A/A08-006
THE GLOBAL CHANGES OF WATER LEVELS IN SOME EARTH SYSTEMS

1100

Nikolay V. SOKOLOV (Water Problems Institute of Russian Academy of Sciences)

There are global changes in Earth Systems that connect with the water intakes for
agricultural and industry. The global changes may be seen on regional levels too. Four
mathematical models have been created for simulating of these global changes of water
levels in earth Systems and it influences on regional levels. The first is a model of simulating
to change water’s layers in Dead Sea under influence of men intake water from Jordan
River. The creation of this model has been connected with the following. Evolution of water
column and the density, salinity and temperature profiles that influenced it were traced from
1960 to 1980. In 1960, as for many years before, a large density difference (caused by a
large change in salinity) separated the variable upper layers from the deep fossil waters. By
the 1976 the interface between the surface and fossil waters had descended. The upper
layers’ salinity and density had increased, but in summer warming decreased the surface
density. These trends continued in 1977, but there was a new reverse salinity gradient in the
summer. In 1978 the salinity was uniform throughout the column; a small temperature
difference (arrow) maintained the stability of the fossil water body. In 1979, after the
overturn, the fossil water body had been dissipated and the entire column was more saline
and somewhat warmer. In 1980 after a rainy winter, there was a new but shallow salinity
gradient. These phenomena are study with the aid of a created mathematical model of Dead
Sea now. The second environmental model is a model of changes of Aral Sea under
influence of men intake waters from rivers that discharge into this Sea. It is well known that
the square of this Sea is decreasing now. Salt is moved from squares of former sea bottom
to the villages and fields. A socio-economic danger connects with it. The third environmental
mathematical model connects with the changes of salinity of Azov Sea. They study process
water and salts moving to Azov Sea from Black Sea and rivers of Don and Kuban under
influence of increasing of water intakes. They will take into account the change of numbers
of fishes in the Azov Sea with the aid of this model. The fourth model is a model of water
level decreasing in mountain Sevan Lake. The using of lake’s waters for hydroelectric power
stations have led to a decreasing of evaporation and volume of rain’s waters go return to the
Sevan Lake. One former island of this lake has been a peninsula under decreased water
level. Thus, the changes of water level and some bio-physic characteristics are study in the
seas and lakes with the aid of these mathematical models. The socio-economic perspectives
are analyzed with the aid of this simulating too.

JSA09/10A/A08-007 1115
HORIZONTAL T-S MIXING AND FRONTOGENESIS IN THE WESTERN PACIFIC WARM
POOL AREA

Alexander V. SOLOVIEV', Roger LUKAS? ('Oceanographic Center, NOVA Southeastern University,
*Department of Oceanography, University of Hawaii)
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In the western Pacific warm pool, convective rains produce surface “puddles” containing
salinity and density anomalies. These puddles store significant potential energy, which
release plays an important role in the dynamics and thermodynamics of the warm pool area.
This effect -- largely ignored by the existing bulk ML parameterizations -- is analyzed here
with a nonlinear advection-diffusion one-layer model of Ferrari and Young (1997). Analysis of
the nonliner problem allows us to hypothesize the existence of an equilibrium wavenumber
range, in which the 1-D spectrum of horizontal T, S, and density inhomogeneity follows a “k*"
law. A numerical experiment illustrates how nonlinear diffusion transforms initial horizontal
density anomalies into the structures with increased buoyancy curvature and leads to a "k*"
wavenumber spectrum. These structures represent an equilibrium state. The data collected
during TOGA COARE demonstrate agreement with the theoretical “k*" law, for horizontal
wavelengths less than 16 km. The increased buoyancy curvature drives frontogenesis, which
requires non-hydrostatic modeling. Incorporation of these results into high-resolution ocean
models with bulk ML may improve the simulation of the ENSO cycle.

JSA09/10A/A08-008 1130

A PRELIMINARY STUDY OF THE SOFIA FREE TROPOSPHERE/LOW STRATOSPHERE
PARAMETERS IN AN ASSOCIATION WITH GLOBAL CHANGES

Staytcho KOLEV (National Institute of Meteorology and Hydrology-BAS,)

Reports in 2001 from the Intergovernmental Panel of Climate Change (IPCC), said
unequivocally that human induced climate change was happening and that it was likely to
get a whole lot worse. The reports claimed that the carbon dioxide produced from burning
fossil fuels was already warming up the world and that if nothing was done it would have all
sorts of disastrous consequences. There had been a slight increase in the temperature on
the ground. But satellite measurements showed, that higher up in the so-called “free
troposphere”, things didn't seem to be getting much warmer. Anyhow, the status of the free
troposphere became a very big deal. A regionally study of the locally trends of the free
troposphere experimental measured parameters will be of great profits to clear up the
variability of meteorological conditions controlling the local air pollution dispersion and
chemical processes in the atmosphere. The most of the warming predicted in the models
came from a feedback involving main meteorological parameters. The aims of the present
work are to investigate magnitude changes of the temperatures, dew point temperatures and
wind directions at the main isobar standard levels in the free troposphere over Sofia and
their tendency.The behavior of these parameters at different altitudes up to 20 km,
influenced by the global atmosphere change has been analyzed.

JSA09/10A/A08-009 1145

ATMOSPHERIC ELECTRICITY MEASUREMENTS AT MAITRI, ANTARCTICA DURING
ANTARCTIC SUMMER

Panneerselvam CHITHIRAIVEL!, S. GURUBARAN!, K. JEEVA', B.N. RAINA', R. RAJARAM?,
A K. KAMRA?, C.G. DESHPANDE? ('Equatorial Geophysical Research Laboratory, Indian Institute
of Geomagnetism, *Indian Institute of Geomagnetism, Colaba, ‘Indian Institute of Tropical
Meteorology)

Simultaneous surface measurements of the atmospheric electrical parameters viz
ionosphere to ground currents, electric field and conductivity have been carried out at an
Indian station, Maitri (70.75° S, 11.75°E, 117 m above mean sea level), Antarctica, during
austral summer for the year of 2001 and 2002. The response of the quality of data to
changes in background conditions such as winds, drifting or falling snow; cloudiness, fog
effects etc. have been examined and presented in a consolidated form. The measurement
shows that atmospheric conductivity is more or less stable during fair weather days at this
station. The averaged pattern of diurnal variations in the electric field and vertical conduction
current density averaged over fair weather days follow nearly the Carnegie curve, with a
minimum at about 03 UT and a maximum near 19 UT. However during magnetically
disturbed days, there is a departure from universal diurnal variation in both the electric field
and vertical conduction current indicating the influence of solar activity. Day-to-day variation
in the diurnal curves of electric conduction current and field, probably due to day-to-day
variation in global thunderstorm activity, are clearly evident.

JSA09/10A/A08-010 1200

SOLAR AND VOLCANIC EFFECTS ON THE EARTH CLIMATE OVER THE LAST 300
YEARS

Elena A. KASATKINA', Oleg I. SHUMILOV', Oleg M. RASPOPOV?, Nils A. MORNER® ('Polar
Geophysical Institute of Kola Science Center RAS, 2St.-Petersburg Filial of IZMIRAN, St.-
Petersburg, Russia, ‘Department of Paleogeophysics and Geodynamics, Stockholm University,
Stockholm, Sweden)

The influence of cosmic rays modulated by solar variability and volcanic activity on the
aerosol layer is considered. The acidity index obtained from the Greenland ice cores has
been used for an analysis. It has been shown that the sunspot numbers correlate with the
background value of acidity in Greenland ice, characterizing the variation in the atmospheric
aerosol component. This supports the mechanism of the influence of solar and galactic
cosmic rays on the aerosol concentration and cloudiness in the atmosphere. The results of
the analysis have indicated that acidity records in ice cores can be used to characterize the
influence of cosmic rays on climate in the past, after excluding the peaks associated with
volcanic activity.

JSA09/10A/A08-011 1215

IMPACTS OF THE 11-YR SOLAR MODULATION OF THE SEASONAL CYCLE ON THE
GENERIC QBO IN CLIMATE SYSTEM

Hengyi WENG (LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences)

The generic QBO (quasi-biennial oscillation) in climate system, with a cycle-length slightly
above or below 2 years, is studied in a simple forced dynamical system. The fundamental
cause of the quasi-biennial periodicity of the QBO is the nonlinear subharmonic resonance of
the system to the seasonal forcing that is modulated by the 11-yr solar cycle. For a given
nonlinearity, the cycle-length and the amplitude of the QBO depend on the intensity of both
the seasonal forcing and the 11-yr solar modulation, which may be one of the reasons why
the QBO properties in climate vary with time and space.
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JSA09/11P/D-001 Poster 1400-050

ENSO - A QUASIPERIODIC FORCED DYNAMICAL SYSTEM
Nadejda Nazarovna IVACHTCHENKO (Hydrometeorological Research Center of Russia)

Several years ago a scenario of the ENSO timing has been proposed connected with an
ENSO phase-locking to the annual period.The respective bifurcation sequence from an
invariant two-torus, via a resonant limit cycle on this torus, and then either the cycle
doubling,tripling, or quadrupling that finishes in chaos is well-known in the mathematical
dynamical systems theory for this scenario. Accordinglythis scenario, the shape of the ENSO
power spectra must consist of a continuous background with a finite number of power
density peakssuperimposed on this background at combinatory harmonics of the annual
period. But, the really observed shape of the ENSO spectra isquite different from that. The
real ENSO spectra reveal very many peaks within a wide band of frequencies. Many of these
peaks cannot be attributed to any sub- and superharmonic of the annual period for certain.
Therefore, the proposed phase-locking scenario must be improved.Mention that similar
shapes of spectra are inherent to NAO, AO, and NPO too.Thus, it seems there is a common
external driver of all of thesephenomena that is more complex than a simple annual periodic
forcing.The aim of this report is to show that the shape of the real spectra of ENSO and other
above phenomena can be better reproduced if theexistence of a second forcing periodicity at
a frequency that is essentially incommensurate to the annual frequency is taken into
consideration.In the case of a quasiperiodic forcing, the dynamical systems theory indicates
another scenario connected with the arising of an invariantthree-torus, and the subsequent
bifurcation of the loss of the three-torus smoothness, and then the arising of the so-called
strange nonchaoticattractor(SNA). Typically, the SNA power spectrum consists of
innumerable peaks and spikes re-distributed along the frequency axis by a self-similar
manner. It is just the shape of the power spectrum that is seen in the real ENSO etc. power
spectra.One can suppose that the pole tide excited by the well-known Chandler wobble in
the Earth’s pole motion (of the about 14-month-longperiod) may be considered as the
second externaldriver of the ENSO etc. dynamics. A parametric excitation seems to be a
reason for an enhancement of the ENSO etc. responses to the pole tide force. Because of
the “worst” incommensurability of the annual and pole tideperiods not only interannual but
even interdecadal ENSO, AO, NAO and NPO variability can be excited.Thus, the mystery of
the interdecadal variability of these phenomena may be explained.

JSA09/11P/D-002 Poster 1400-051

OBSERVATIONS OF IONOSPHERE TO EARTH CURRENT DENSITY FROM A LOW
LATITUDE CONTINENTAL STATION TIRUNELVELI (8.7°N, 77.8°E)

Panneerselvam CHITHIRAIVEL', K. JEEVA!, K.U. NAIR', C. SELVARAJ', S. GURUBARAN',
B.N. RAINA', R. RAJARAM' ('Equatorial Geophysical Research Laboratory, Indian Institute of
Geomagnetism, *Indian Institute of Geomagnetism, Colaba)

The observations of ionsosphere to ground current from the low latitude continental station
close to the dip equator, Tirunelveli (8.7°N, 77.8 °E), India, are presented in this study. The
horizontal long-wire antenna with an effective collecting area of around 140 Sq. Meters is
used as a sensor. Results of a comprehensive systematic study of the influence of
background winds on the current measurements are presented. It is found that during the
summer months no reliable measurements of the air-earth currents can be carried out at the
station. On fair weather days during winter and equinox, the mean variations follow the
Carnegie pattern except for a clear and persistent sunrise effect. The sunrise effect is
observed during fair weather days in both winter and equinox conditions. The measured
current starts increase about 30 minute before sunrise and last for nearly an hour and a half.
The possibility of the sunrise effect being associated with the sunrise at upper boundary of
the global electric circuit in the ionosphere is discussed.

JSA09/11P/D-003 Poster 1400-052

MONITORING OF SCHUMANN RESONANCE AT EQUATORIAL ELECTROJET
LATITUDE

C. PANNEERSELVAM!, C. SELVARAJ', K. JEEVA!, K.U. NAIR', S. GURUBARAN', B.N.
RAINA', R. RAJARAM? ('Equatorial Geophysical Research Laboratory, Indian Institute of
Geomagnetism, *Indian Institute of Geomagnetism, Colaba)

Using a pair of induction coils, the north-south and east-west components of geomagnetic
field have been continuously monitored for more than six months at Tirunelveli (7.8° N, 77.8°
E), a station under the equatorial electrojet. The data offers the unique possibility of studying
the influence of the equatorial ionospheric conductivity profile on the phenomenon of
Schumann resonance. The resonant frequencies were obtained the application of Fast
Fourier Transforms on the individual time series. The analysis reveals that the first resonant
mode is between 7.75 and 8.0 Hz and the second mode between 14.0 and 14.25 Hz. The
strength of individual resonant oscillations averaged over a large number of days reproduces
the Carnegie type universal time variations. For further validation the results measured
power in the resonances is compared with data of worldwide distribution of the lightning
flashes available from the space based observatory (TRMM Observatory). On fairly large
number of the days the diurnal variations of strength of the resonance and lightning flashes
have a fairly good agreement. The lack of universal agreement is discussed in terms of
contamination due to local oscillations not linked with Schumann resonance.
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FORM AND FLOW OF ARCTIC ICE CAPS: REMOTE-SENSING INVESTIGATIONS FROM
AIRCRAFT AND SATELLITES

Julian A. DOWDESWELL (Scott Polar Research Institute, University of Cambridge)

The ice caps and glaciers of the Arctic islands make up about 45% of the 540,000 km2 or so
of ice outside Antarctica and Greenland. If the small glaciers and ice caps on Greenland and
Antarctica are included, there is a global total of 680,000 km2 and about 180,000 km3 of ice,
excluding the great ice sheets. In either case, the glaciers and ice caps of the Arctic islands
form a significant area and volume of the World’s ice. In addition, atmospheric General
Circulation Models (GCMs) predict that the Arctic will warm preferentially over the next
hundred years or so, relative to lower latitudes, thus making the mass balance of Arctic
glaciers and ice caps critical to future projections of global sea level in a warming World.
However, the form and flow of many of the larger Arctic ice caps (104 km2) are relatively
little known. Satellite investigations of these ice caps, using Landsat and ASTER high-
resolution visible-band imagery, yield information on ice-cap area, drainage-basin
configuration and, in the case of ASTER, elevation. The drainage basins of Austfonna,
Svalbard (8,200 km2) and Academy of Sciences Ice Cap in Severnaya Zemlya (5,500 km2),
for example, have been defined in this way. Synthetic aperture radar (SAR) methods have
also been used to calculate the ice-surface velocity structure, using phase data, and the
distribution of snow and ice on the surface, using backscatter data. The next generation of
polar orbiting satellites, IceSat and Cryosat, will provide further opportunities to measure ice-
surface elevation to an accuracy of a few tens of centimetres, allowing calculations of
change through time. Airborne radio-echo sounding at MHz frequencies remains the only
method of acquiring ice-thickness data over large areas, and this method has been used to
derive the thickness and ice volume of a number of large ice caps in the Arctic islands of
Canada, Svalbard and Russia. Combining data on marginal ice thickness and velocity allows
calculation of the mass loss through iceberg production from these ice masses. In some
cases, iceberg calving may account for about 40% of total mass loss from marine-
terminating Arctic ice caps.

JSH01/07A/C27-002 1000

APPLICATION OF ASTER IMAGES TO ESTIMATE GLACIER SYSTEM CHANGES IN
THE CENTRAL TIEN SHAN DURING THE SECOND HALF OF THE 20TH CENTURY

Tatiana Y. KHROMOVA', Mark B. DYURGEROV?, Roger G. BARRY" ('Department of Glaciology,
Institute of Geography Russian Academy of Sciences, *Institute for Arctic and Alpine Research
(INSTAAR), University of Colorado, Boulder,US, *National Snow and Ice Data Center (NSIDC),
University of Colorado, Boulder,US)

The optical satellite sensor ASTER (Advanced Spaceborne Thermal Emission and
Reflection Radiometer) on board Terra offers new possibilities for worldwide glacier
monitoring. We present the results of comparisons of glacier-extent and volume determined
by comparison of ASTER-imagery taken in September 2001 with two repeated-mapping
surveys by aerial photography in 1943 and 1977 over the Akshirak Glacier system, central
Tien Shan. The Akshirak Range reaches 5,100 m asl, or about 1500 m above the central
Tien Shan plateau (43°N, 75°E). The range is heavily glacierized with a total ice area of
about 400 km2. The ENVI, ERDAS, ARC/GIS, and ARC/View software packages were used
to manipulate, transform and overlay the ASTER image and historical data for the Akshirak
Range. A substantial change in glacier area is observed to have taken place since the 1977
survey. The changes involve: a decrease in average size of glaciers, an increase in the area
of outcrops and in the perimeters of water divides between individual glaciers, the
appearance of new glaciers and disappearance of former small ones. The number of
glaciers has not changed greatly. A significant loss of glacier area locally has been caused
by the direct impact of the exploitation of mineral resources.BRThe changes in climate,
based on data from a meteorological station located on the high plateau at 3614 m a.s.l.,
close to glacier termini of the Akshirak Range, show increases in summer and annual air
temperature and decrease in annual precipitation. Moreover, the ratio between summer
(June-August) and winter (October-May) precipitation has decreased especially since the
mid-1970s accompanied by increased summer air temperature. This presents the most
unfavorable climatic conditions for glaciers in Central Asia where summer precipitation plays
the crucial role in the annual mass balance. Our findings confirm the results of earlier studies
of the regime of Tien Shan glaciers and their sensitivity to summer conditions. BROur study
illustrates the value of combining remotely sensed data and historical observations to
monitor ongoing changes in glaciers. The disintegration of the compact high-altitude
Akshirak glacier system in Central Asia has been identified and the increased glacier
wastage quantified.

JSH01/07A/C27-003 1020

DISTRIBUTION OF CRYOCONITE ON THE SURFACE OF A GLACIER DERIVED FROM
A LANDSAT TM IMAGE

Nozomu TAKEUCHI', Reginald R. MUSKETT” ('Research Institute for Humanity and Nature, *
International Arctic Research Center, University of Alaska Fairbanks)

Cryoconite, biogenic surface dust on the glacial surface, can affect the surface albedo of
snow and ice thereby accelerating ablation. Distribution of cryoconite on the surface of an
Alaska glacier (Gulkana Glacier in the Alaska Range) has been analyzed using Landsat TM
band 2 and 5 ratio. The band ratio was relatively lower in the area near terminus and snow
line in the ice area, suggesting higher cryoconite concentration in this area. In situ
measurement of cryoconite on the glacier agreed with the cryoconite distribution derived
from the band ratio. The biological analysis of the cryoconite collected from the glacier
revealed that the cryoconite distributed in the area near the terminus mainly consisted of
mineral particles, and that the cryoconite near the snow line, on the contrary, contained large
amounts of snow algae and dark-colored organic matter. Results suggest that the albedo
reduction by biological activity is significant in the area near snow line on the glacier.
Depending on the percentage area distribution of the biological activity, the albedo reduction
could affect glacier mass balance during the ablation season. A positive feedback may exist
between biological activity and abnormally high melt rate years as a consequence of global
warming in the northern hemisphere. Research is continuing to investigate the biological
activity - albedo reduction with satellite imagery and in-situ field measurements on other
glaciers with wide geographic distribution in Alaska and Central Asia.
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JSHO01/07A/C27-004 1140

ANALYSIS OF ASTER AND PANCHROMATIC IMAGES FOR SURFACIAL
CHARACTERISTICS OF THE GANGOTRI GLACIER, GARHWAL HIMALAYA, INDIA

Syed Igbal HASNAIN, Sarfaraz AHMAD, Meenakshi YADAV (School of Environmental Science,
Jawaharlal Nehrij University)

Quantitative and qualitative analysis of the Gangotri glacier surface and various
geomorphological features have been carried out by using ASTER (Advance Spaceborne
Thermal Emission and Reflection Radiometer) and Panchromatic IRS 1D image and field
studies. The area of the main Gangotri glacier is about 77 km? in 2001 Panchromatic image,
while this area is 87 km? in the toposheet surveyed in 1985. This implies that glacier has
vacated about 12% area in last 17 years. The entire glacier area between snout and
accumulation has been divided into three zone on the basis of tonal and textural
characteristics. Zone 1 ranging between 3975 and 4507 masl is characterised by non-
uniform thick debris-cover with highly fractured ice, whereas Zone 2 is less fractured and
characterised by uniform thin debris-cover. At junction of Zone 1 and Zone 2 between
elevation 4507 and 4663 masl, there are about six ice-dammed lakes varying in size
between 25 - 200 m2. Moraine are better identified by ASTER as compared to Panchromatic
IRS 1D image, as it provide different spectral signature for dry and ice covered debris.

JSH01/07A/C27-005 1200

APPLICATIONS OF SEA-ICE MOTION AND DEFORMATION DERIVED FROM
SATELLITE DATA

Antony K. LIU, Yunhe ZHAO (Oceans and Ice Branch, NASA Goddard Space Flight Center)

QuikSCAT backscatter and DMSP SSM/I radiance data have been used to derive sea ice
motion for both the Arctic and Antarctic region using the wavelet analysis tracking method.
Both results from QuikSCAT and SSM/I are compatible with buoys and can then be merged
by data fusion method to generate composite sea ice motion maps for more complete
coverage. Furthermore, based on this merged data set daily sea-ice deformation (shear,
and convergence) maps have been produced and show consistent spatial and temporal
patterns. Temporal correlation maps between ice deformation and SSM/I ice concentration
show interesting results in the Arctic, especially in the coast area. In this study, principal
component analysis to both the merged ice tracking result from satellite data and pressure
field from buoy has also been examined for the relationship between the principal
components and eigenvectors from these two data sets. While the result shows that principal
components of modes 1 and 2 from two data sets are highly correlated which confirms that
wind forcing is a major factor driving the ice drift, it also reveals that other high-energy
modes are not highly correlated which maybe caused by coastal effects. Principal
component analysis of sea-ice motion during fall/winter period in different years has also
been used to correlate with the results of Arctic Oscillation study.

JSHO01/07A/C27-006
IMPROVING THE NEAR-REAL TIME QUIKSCAT/SEAWINDS SEA-ICE EDGE

1220

Joerg HAARPAINTNER', David G. LONG?, Mike L. VAN WOERT' ('Polar Science Team, National
Ice Center, 2MERS Laboratory, Brigham Young University)

The current QuikScat/SeaWinds sea ice edge is a daily product and part of the operational
data set at the National Ice Center in Washington DC. The sea ice edge is extracted from the
near-real time resolution-enhanced SIR data that are 36-hour composites of the Polar
Regions. Given the highly dynamic nature of the marginal ice zone and the importance of the
daily standard deviation in the algorithm to separate ocean from sea ice, the extracted ice
edge corresponds to high ice concentration above 50%. The main reason for not detecting
low concentrations is that the temporal variability of the location of the ice edge exceeds the
effective resolution of the composite by up to an order of magnitude. By reducing the
integration time for the composites, we can therefore improve locally the determination of the
ice edge to lower ice concentration and new ice. In this paper we study the optimal balance
between maximum resolution and minimum integration time to detect the lowest possible ice
concentration.

Monday, July 7 PM
Presiding Chairs: M. Tranter, E. Brun

PERMAFROST

JSH01/07P/C27-001 1400

GEOPHYSICAL MONITORING OF HYDROTECHNICAL OBJECTS IN PERMAFROST
ZONE

Vyatcheslav Aleksandrovich ISTRATOV!, Svet Yurievich MILANOVSKY?, Sergei Aleksandrovich
VELIKIN? ('Radionda Ltd, Moscow, “Institute Physics of the Earth RAS, Moscow, *Vilui Permafrost
Research Station of Permafrost Institute RAS, Chernishevskii)

Frozen rocks in permafrost zone are very sensitive to natural and man-caused influences
because of possibility of phase transition from frozen state to thawed and back. Together
with temperature field, fluid mineralization and hydrogeological conditions determine
durability of the rock massive and it's mechanical properties. We discuss peculiarities of
temporal and spatial changes in frozen soils that are primarily conditioned by constitutional
ice - pore solution transformations. During these transformations all physical properties of
frozen medium change, the most sensitive of which are electrical and mechanical. The hydro
technical engineering objects which are carried up in permafrost zone like Western Sakha
Yakutia, are exposed to action of a different sort of the negative factors step-by-step
resulting some of them in a labile state, down to catastrophic. Owing to these circumstances
for last 5-8 years on a number of hydro technical objects of Western Sakha Yakutia are
observed thawing-filtration processes, are found out local filtration zones posing under threat
their secure exploitation. Due to a difficult and hardly predictable geocryological situation in
this area, the geophysical methods were included into the system of local monitoring.
Authors present original results of long-term geophysical study on hydrotechnical objects
(constructing and exploiting reservoirs) analyzing problems associated with use of
geophysical methods for the study of rocks and soils in permafrost area. We present results
of complex experimental control observation of the development of filtration process. More
and more relevant role in these studies is gained with a georadar study. The georadar
observations were carried out on Mirnii region in a complex with electric-prospecting
observations and temperature logging. The georadar SIR 2000 (production of the company
GSSI, USA) with antennas 40, 200 MHz was applied. The data were processed with
software packages RADAN (GSSI, USA) and RadExPro + (GSD Production, Russia). The
purpose of inter-well radiowave investigations was, first, to control the frozen rock thawing
(talik) within the coastal zone of the reservoir and to assess the dynamics of the process,
and second, to identify and to locate places of the most intensive thawing and filtration of
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water from the reservoir. Thawing process leads to a decrease of electrical resistivity.
Besides, the high saturation of the filtering layer must be reflected in an increase of relative
dielectric permittivity within the same interval. As a result of these observations the quite
good correlation between applied geophysical methods was established. The most
interesting results of observations documented by excavation and visual observations will be
presented in the report. On the base of detailed surface and boreholes geophysical
observations the 2D-numerical model of the part of right-bank contiguity was done. The
model shows temperature evolution of thawing zone as a function of air and water
temperature, lithology, thermal properties of the section. Observed geophysical data
compared with numerical modeling.

JSH01/07P/C27-002 1420

PERMAFROST MAPPING AND DEFORMATION MONITORING USING SAR
INTERFEROMETRY

Zhen LI, Xinwu LI, Xin REN, Qing DONG (Institute of Remote Sensing Applications, Chinese
Academy of Sciences)

The interferometric SAR technique has demostrated its capability to measure ground
deformation in wide range of application. For the purposes of some applications, especially
those that involve engineering projects, a quantitative use of the INSAR results must be
required. The seasonal transition of the land surface between frozen and non-frozen
codition affect a number of ecological and hydrological processes the cycle between
wintertime dormant and summertime active states. At the same time, the freeze/thaw
transition will cause the deformation of ground surface, which is the main factor for
engineering construction in pemafrost region. At microwave frequencies, freezing results in a
dramatic decrease of the dielectric constant of soil, which significantly decreases their radar
back-scattering properties. The obvious difference on soil moisture between frozen and
unfrozen area can be detected by SAR images. Usually, soil and vegetation are considered
as a single medium when single-polarization, single-frequency SAR data is employed. But
the vegetation covered on the permafrost will influences the permafrost detection, because
of the volume scattering effect of vegetation. The permafrost and the seasonal frozen ground
cover respectively 1,272,709 km 2 and 1,146,399km 2 in the Tibetan Plateau. China begins
construction of Qinghai-Tibet railway in 2002. The first handicap will be the permanent frozen
earth. About 550km of the railway will pass through such areas. Continuous permafrost and
some island permafrost underlie the entire region, and the maximum active-layer depth at
the site reached approximately 0.4-1.5m. Extensive areas of frozen ground hold large
quantities of moisture in wintertime conditions. Thawing and temperature rising has a great
influence on railway stability. In order to study the process of railway building deformation for
different permafrost types and geophysical environments, deformation monitoring is very
important. In this study, 6 scences SAR SLC images, including Tandem data, are used to
produce multiple imterferograms. The techniques to classify permafrost using SAR data,
conherence analysis, and two typical methods for deformation detection are discussed. One
method is the INSAR measure with the high accurate DEM used to reduce the terrain effect,
the other is differential INSAR. The results be validated and compared quantitatively base on
precise and accurate geodetic data derived from field measurement. We analyzed the
precision and reliability of two methods. The suitable technique is chosed for deformation
monitoring using ERS-1/2 SAR data in Qinghai-Tibet Plateau. Then, an INSAR monitoring
system of frozen ground deformation is proposed for the Qinghai-Tibet railway building.The
results showed that multi-temporal SAR data could be used to discriminating permafrost
from other targets with high accuracy, and interferometrical SAR are fairly good use to
permafrost deformation monitoring.

JSHO01/07P/C27-003
REMOTE SENSING DETERMINATION OF THE PERMAFROST THICKNESS

1440

Vil S. YAKUPOV, Sergey V. YAKUPOV (Institute of Space Physic Research and Aeronomy)

The possibility of increasing by factors power potential (PP) of pulsed-tipe radar sounding
station (RSS) based on super-conductivity technology magnetic moment generators and
SQUID-magnetometers allow to use it for frozen strata thickness determination. For this
purpose the remote sensing survey becomes possible both from the ground and the air. Let
us estimate the depth to which it might be possible to determine frozen strata thickness at
different assumptions about electrical properties of frozen and underlying it thawed rocks
considering them homogenous. Let resistivity of frozen rocks p be equal 300, 1 000, 3 000
and 10 000 © m and resistivity of frozen unconsolidated deposits with massive cryogenic
texture — 1 000, 3 000 and 10 000 m. Relative permittivity e for them be equal 9 and 4 in
frozen condition and 15 for thawed ones. Then limits of possible values of Frenel coefficient
will be 0,1 (for rocks) and 0,3 (for unconsolidated deposits), with specific absorption 0,18 —
0,05 dB/m (¢ = 9) and 0,8 — 0,1 dB/m (e = 4) accordingly. The possible depth of
investigation for lower boundary of permafrost when PP = 560 dB and & = 4 (unconsolidated
deposits) will be for p =1 000 Q m 410 m, forp =3 000 Q2 m — 1230 m, forp=10000 Q m
— 3900 m. When it is possible to accumulate reflected signals to increase PP up to 600 dB
these depth estimations will be 450, 1 340 and 4 300 m. For frozen rocks (¢ = 9) these
values will be 125 (p = 300 Q m), 400, 1 200 and 3 800 m when PP = 560 dB and 135, 440,
1300 and 4 200 m when PP = 600 dB. Remote sensing from air (PP = 560 dB) decreases
these estimates to 370, 1 150 and 3 500 m for unconsolidated deposits and to 120, 380, 1
150 and 3 500 m for rocks due to losses on double passing the air-ground boundary.
Simultaneously another important task can be solved: determination of frozen
unconsolidated deposits thickness if the resolution of their lower boundary in relation to the
ground surface and to the lower boundary of frozen rocks can be achieved. Identification of
found interface nature could be made by comparing its depth with drilling and direct current
sounding data. Thus, the possibility of remote sensing determination of the frozen strata and,
as well, of frozen unconsolidated deposits thickness seems to be real using radar sounding
by mighty magnetic pulses both from the ground and the air everywhere when p > 1 000 Q@ m
if the resolution of their lower boundaries is possible.
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DETECTING THE NEAR-SURFACE SOIL FREEZE-THAW CYCLE USING A COMBINED
FROZEN SOIL ALGORITHM

Tingjun ZHANG, Richard L. ARMSTRONG, Jeff SMITH (National Snow and Ice Data Center,
University of Colorado at Boulder)

Better knowledge and understanding of the near-surface freeze/thaw cycle of soils are
prerequisite for evaluating the impact of cold season/cold region processes on surface and
subsurface hydrology, regional and global climate, carbon exchange between the
atmosphere and the land, and the terrestrial ecosystem as a whole. The challenge is to
develop new techniques and methodologies to obtain data and information of the near-
surface soil freeze/thaw cycle. A combined frozen soil algorithm was developed and
validated to detect the near-surface soil freeze-thaw cycle over snow-free and snow-covered
land areas. The combined frozen soil algorithm consists of two parts: (i) over snow-free land
areas, passive microwave satellite remote sensing algorithm was used to detect the near-
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surface soil freeze-thaw cycle; (ii) over snow-covered land areas, a one-dimensional
numerical heat transfer model with phase change was used to detect soil freeze-thaw status
under snow cover. Using the Defense Meteorological Satellite Program's Special Sensor
Microwave Imager (SSM/I) data, the passive microwave satellite remote sensing algorithm
utilizes a negative spectral gradient between 19 GHz and 37 GHz, vertically polarized
brightness temperatures and a cut-off brightness temperature at 37 GHz with vertical
polarization (TB(37V)). A cut-off brightness temperature of 258.2K was obtained based on a
linear correlation (r2=0.84) between the soil temperature at 5 cm depth and the TB(37V). Soil
temperatures used in the correlation were measured from 26 stations over the contiguous
United States for the period from July 1, 1997 through June 30, 1998. Using soil temperature
data measured from the same stations for the period from July 1, 1998 through June 30,
1999, the combined frozen soil algorithm provides the accuracy of frozen soil detection of
about 76% and the correct classification of both frozen and unfrozen soils of approximately
83% with the percent error of about 17%. The combined frozen soil algorithm was used to
investigate the timing, duration and number of days, and daily area extent of the near-
surface frozen soils from July 1, 1997 through June 30, 1999 over the contiguous United
States. The primary results indicate that the maximum area extent of frozen ground during
the winter of 1997/98 was about 4.4 x 106 km2 or 63% of the total land area of the
contiguous United States, while during the winter of 1998/99, the maximum extent was about
5.2 x 106 km2 or 74%. The duration of the seasonally frozen ground ranges from less than
one month in the south to over eight months in the Rocky Mountains. The actual number of
days of soil freezing varies from a few weeks to more than several months. Further validation
is needed to improve the accuracy of frozen ground detection and to estimate thickness of
the seasonally frozen ground using the combined frozen soil algorithm.
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ELECTROMAGNETIC DIAGNOSTICS OF PERMAFROST OF THE NORTHEAST PART
OF THE RUSSIA BY MEANS OF GROUND AND REMOTE METHODS OF
RADIOIMPEDANCE SOUNDING AND PROFILING

Mikhail Georgievich DEMBELOV', Yuri Buddich BASHKUEV', Viktor Petrovich MELCHINOV?,
Ludmila Khanharaevna ANGARKHAEVA' ('Buryat Scientific Center SB RAS, *Yakut State
University)

The report is devoted to detail research of electrical properties of the permafrost of the
northeast part of the Russia. Regions of the Aldan plateau, the central Yakutia and tundra
areas that are near the Arctic Ocean coast are objects of investigations. The aim of the
research is to define of its electric characteristics and to create geoelectric models of
different types of the permafrost. The main results: 1. Detail physical description and
classification of electric properties, construction and structure of the permafrost on the depth
of skin-layer in the VLF range is offered. 2. According to measurements on typical cryogen
rocks systems the season variations of geoelectric sections (GES) parameters, surface
impedance and electromagnetic field are discovered. The geoelectric model for a permafrost
stratified section that takes into account main climate generating factors and season
processes for freezing and thaw of grounds is developed. The model of stratified medium
with structure and properties that are changed depending on climate conditions describes
season impedance variations of the border surface and ground electromagnetic field. The
model allows to predict propagation of VLF-MF electromagnetic waves over permafrost
paths in different year seasons with the precision that is enough for practice.
3. It is established that frequency dispersion of the electric resistance of the frozen friable
sediments layer between direct current and high frequency currents of VLF-MF ranges is a
feature of electric properties of the permafrost. A good conformity between calculated values
obtained from data of vertical electromagnetic sounding (VES) and measured values of
surface impedance of the horizontally stratified cryogen medium for areas of “high
temperature” frozen layers disposition and for cases of small contrast of GES layers is
received. This fact confirms absence of the frequency dispersion of electric properties of
frozen layers that are in position close to melted condition. A difference of electric resitivity
(ER) on direct and alternating currents for GES that have frozen friable sediments is
established. ER values that are reconstructed after the inverse problem solution on data
obtained from radioimpedance sounding are less in 3-10 times that on data obtained from
VES method. A physical interpretation of obtained results for frozen layers that takes into
account the influence of conductive engaging in multi-phase heterogenic medium is offered.
4. A method of physical-statistical prediction of the geoelectric section for main types of
permafrost is developed. The predicted map of geoelectric sections of the Yakutia and
geoelectric maps of the Aldan plateau with different scales are created.
5. A method of radioimpedance sounding and profiling in VLF-MF ranges for ground electric
cartography of Arctic lakes and coastal zone of the Arctic Ocean area of water on resitivity in
the framework of multi-sectional model of the ground with high and low conducting
foundation is developed. 6. An estimation of efficiency of the vertical electric transmitter in
LF-MF ranges of electromagnetic waves is made. It is shown that the efficiency for emitted
antennas situated on the permafrost does not exceed 28 per cents.

SNOW HYDROLOGY
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COMBINING REMOTE SENSING ADVANCES, DATA RELAY, AND INTERLINKED
HYDROLOGIC MODELS TO IMPROVE SNOWMELT RUNOFF FORECASTING IN THE
RIO GRANDE BASIN

Albert RANGO', Enrique GOMEZ-LANDESA', Max BLEIWEISS?, David DEWALLE’®, Geoff
KITE?, Jaroslav MARTINEC?, Kris HAVSTAD' ('USDA/ARS/Jornada Experimental Range, New
Mexico State University, 2995 Knox St., Las Cruces, NM 88003, USA, *Department of Entomology,
Plant Pathology, and Weed Science, New Mexico State University, Las Cruces, NM 88003, USA,
‘Pennsylvania State University, 107 Land and Water Building, University Park, PA 16802, USA,
“Hydrologic Solutions, Bryn Erthin, Cefn Bychan Road, Pantymwyn, Flintshire, WA CH7 SEN, UK,
#7270 Davos-Platz, Switzerland)

Remotely-sensed data can be used with modern hydrological models to provide effective
snowmelt-runoff forecasts and to evaluate water resource management options. MODIS, on
both TERRA and AQUA satellites, is likely the optimum sensor for snow mapping because it
has a best resolution of 250m (two bands), it passes over daily, it is free from downloading,
and it provides a logical transition from | km NOAA-AVHRR data. Its worth for snow
mapping has been proven both in the Rocky Mountains of the United States and the
Pyrenees of Spain. Still, research to solve automated and operational problems is ongoing
including correction of the “ Bow Tie” effect, mapping in shaded and heavily vegetated areas,
and using bidirectional reflectance distribution functions to retrieve snow albedo. As the
remote sensing improvements are made, the data are used in the Upper Rio Grande Basin
for improvement of the snowmelt forecasting system. Remote snow water equivalent site
data is acquired through the Natural Resources Conservation Service SNOTEL system
employing meteor-burst relay. These data can be used for early season (November-
December) volumetric forecasts which increase water management flexibility. The MODIS-
derived snow cover data are input to the Snowmelt Runoff Model (SRM) for generating daily
streamflow forecasts over the entire melt season. Because snowmelt runoff is not significant
throughout the entire basin, SRM outflow from snowmelt basins is linked to the Semi-



distributed Land Use-based Runoff Process(SLURP) model as an input. SLURP is a
comprehensive distributed model now operating on the entire Rio Grande basin to assist in
water management decision-making today and to evaluate future scenarios for improving
long range planning. SLURP also uses remote sensing inputs to establish current land
cover throughout the basin. Examples of forecasts made from 2001-2003 in the Upper Rio
Grande basin are presented.
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THE SNOW WATER EQUIVALENT SCALING EXPERIMENT: OVERVIEW AND INITIAL
RESULTS

Chris P. DERKSEN, Chris P. DERKSEN, Anne E. WALKER, Barry E. GOODISON (Climate
Research Branch, Meteorological Service of Canada)

Passive microwave snow water equivalent (SWE) retrieval algorithms are influenced by a
range of land cover and snowpack state variables that are present at a range of scales.
Because of the relatively low levels of naturally emitted microwave energy, pixel dimensions
of spaceborne passive microwave brightness temperatures are large (10 to 25 km). A single
passive microwave derived SWE estimate, therefore, integrates multiple land and snow
cover conditions into a single measurement. Multi-scale brightness temperature datasets
with coincident ground sampling are required to quantify the impact of spatially
heterogeneous land cover and snowpack properties on passive microwave SWE
retrievals.New multi-scale research datasets will be acquired through the Snow Water
Equivalent Scaling Experiment, conducted near Prince Albert, Saskatchewan, Canada in
February 2003. Passive microwave brightness temperature datasets will be acquired from
tower-based sensors, airborne radiometers (100 m resolution), and spaceborne sensors
(Advanced Multichannel Spaceborne Radiometer — AMSR ~ 10 km resolution; Special
Sensor Microwave/Imager — SSM/I ~ 25 km resolution) for a 25 by 25 km study area
centred at the Old Jack Pine Boreal Ecosystem Research and Monitoring Site (BERMS). A
coincident ground sampling program will characterize in situ SWE, depth, and density using
a land cover sensitive sampling scheme. A suite of micrometeorological variables from
seven distributed tower sites will complement the passive microwave brightness temperature
and in situ snow datasets, while land and forest cover datasets including land cover type,
canopy closure, and forest stem volume have already been obtainedThis presentation will
provide an overview of the field experiment, and results of initial dataset analysis. A
preliminary investigation of pre-campaign airborne microwave data indicates that a high
degree of brightness temperature variability is evident along individual flight lines, with strong
associations to forest cover properties. Following full airborne dataset acquisition in
February, various scaling techniques will be used to link the variability in small footprint
airborne brightness temperatures with the coarse scale spaceborne AMSR and SSM/I data.
The degree to which brightness temperature variability is captured by the 10 km AMSR data
relative to the 25 km SSM/I data will be determined. The in situ snow measurements will
illustrate the variability in SWE, depth, and density that can be found on spatial scales
ranging from individual trees and clearings to inter-species stand-to-stand variability. The
distributed micrometeorological data will be used to identify physical influences on brightness
temperature variability. For instance, species specific relationships between tree temperature
and air temperature have clear impacts on measured brightness temperature in forested
environments. Ongoing analyses of these datasets will advance our understanding of
important scale and process issues related to the remote estimation of SWE.
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ESTIMATION OF SNOW WATER EQUIVALENT AND SNOWMELT WATER USING THE
SNOW INDEX -A CASE STUDY IN THE KUROBE BASIN, JAPAN-

Yuichi SHIMAMURA, Takeki IZUMI, Daichi NAKAYAMA, Hiroshi MATSUYAMA (Department
of Geography, Graduate School of Science, Tokyo Metropolitan University)

The snow index "S3” (Saito and Yamazaki, 1999) is applied to Landsat-5/TM images, to
estimate the snow water equivalent and the snowmelt water. This index considers the mixel
of snow and plants using reflectance of one visible (Band 3 of TM) and two infrared (Bands 4
and 5), so the index should obtain the distribution of the snow-covered area under the plants
more exactly than other indices using only visible band(s). 'S3'=B4*(B3-
B5)/{(B4+B3)*(B4+B5)} "S3" was developed for ADEOS-II/GLI, but the satellite has just been
launched on 8th December, 2002. This research is, therefore, the first case to apply "S3” for
satellite data. In the Kurobe basin (Toyama prefecture, Japan) in the spring of 1986, the
snow-covered area is clustered from "S3” with threshold value of 0.0 which is proposed by
Saito and Yamazaki (1999). Then, the gross volume of the snow water equivalent is
estimated with the relationship that snow water equivalent increases linearly with altitude.
When Landsat-5 passed over the study area, the snow water equivalent can be calculated
from the altitudinal distribution of the snow-covered area and the increasing ratio of the snow
water equivalent; the ratio is called “altitudinal distribution factor” and the value in the basin
was surveyed by KEPCO (the Kansai Electric Power Co., Inc.) in 1959. The amount of the
snowmelt water is calculated as the difference of the snow water equivalent estimated by
two scenes (14th and 30th April, 1986). In this study, there are no ground truth data, so
results are validated indirectly by the estimation error of snowmelt water. The relative error is
based on the difference between the estimated amount of the snowmelt and the observed
runoff which flowed into the Kurobe-daiyon-dam (Kuroyon dam) from 14th to 30th April,
1986. When "S3’ is used for extracting the snow-covered area, the estimation error is -8.2
percent. Even if the effect of rainfall and time lag of snowmelt-runoff are taken into account,
the error ranged with in £10 percent. While the snow-covered area is extracted by the other
method which does not consider the disturbance by vegetation, the error is as large as -23.8
percent. Since ‘S3” can capture the ground snow under the plant canopy, the index has
higher precision. Namely, this guarantees the snow index ‘S3" as the better method for
extracting the snow-covered area.
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STREAMFLOW RESPONSE TO SNOWCOVER EXTENT CHANGE IN LARGE SIBERIAN
RIVERS

Daqing YANG', David ROBINSON?, Yuanyuan ZHAU', Thomas ESTILOW?, Baisheng YE®
('University of Alaska Fairbanks,, ’Rutgers University, *Chinese Academy of Sciences)

The Lena, Yenisei and Ob rivers are the three largest rivers in the Arctic regions. They
contribute more than 45% of total freshwater inflow to the Arctic Ocean and have great
impacts to the regional/global ocean and climate systems. Snowcover melt and associated
floods are the most important hydrologic event of the year in the northern river basins. To
better understand the streamflow regime and variation in the high latitude regions, this
research uses the weekly NOAA snowcover extent data to study the streamflow hydrology in
Siberia. The focus of this research is to examine the streamflow response to snowcover
extent change on a weekly basis particularly during the spring melt period. In this analysis,
we calculated the basin-mean snowcover extent over the watersheds for the entire NOAA
records (1966-present) and generated a weekly snowcover time-series. We used these
weekly data to examine the seasonal changes of snowcover extent, such as defining the
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weekly snowcover climatology, determining the dates of snowcover formation/disappearance
and duration of snowcover, and quantifying the rates of snowcover change during the
accumulation and melt seasons. We examined the weekly correlation of streamflow with
basin-mean snowcover extent, and determined the consistency between snowcover and
runoff changes during the snowmelt period. We also investigated the associations between
snowcover and runoff anomalies, identified extreme snowmelt runoff cases, and examined
their correspondence with snowcover and climate conditions. Based on these analyses, we
defined the weekly relation between snowmelt runoff and snowcover changes for the
watersheds.This study explores the potential of using remotely sensed snowcover
information to improve our capability of snowmelt runoff modeling and forecasting over large
northern river basins. The results demonstrate that the NOAA weekly snowcover extent data
are useful for understanding and predicting streamflow changes in the arctic regions.
Snowcover water equivalent data obtained from ground and via remote sensing will be
examined in further studies.
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STUDY ON SNOWMELT RUNOFF SIMULATION AND FORECAST USING GIS AND
REMOTE SENSING DATA IN THE MOUNTAINOUS REGION OF WESTERN CHINA

Jian WANG', Yongchao LAN? ('Cold and Arid Regions Environmental and Engineering Research
Institute(CAREERI),Chinese Academy of Sciences(CAS), *The State Key Laboratory of Frozen Soil
Engineering Chinese Academy of Sciences)

In this paper, the progresses of studying on monitoring the water resource derived from
snow cover melting in western of China are introduced amply. Commonly, the Remote
Sensing data and Geographic Information System (GIS) techniques are the important
methods and tools. The key parameter--snow cover area can be computed through satellite
images from Multi-platform, multi-temporal and multi-spectral. Supervised classification filter
has chosen to yield clusters of snow cover. Meanwhile, GIS will provide abundantformation
in order to obtain the remaining parameters of simulating model. The simulated models and
predicting results about snowmelt runoff serving forthe water resource management office
and reservoirs will also be mentioned in detail. The samples about successful simulations
and predicting snowmelt runoff extracted from two typical mountainous regional covered by
snow-coverwill be presented.
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IMAGERY OF SNOW WATER EQUIVALENT FROM SSM/I AND MODIS DATASETS IN
QINGHAI-TIBETAN PLATEAU

Tao CHE', Xin LI', Richard L. ARMSTRONG?, Rui JIN' ('Remote Sensing and GIS Lab, Cold and
Arid Regions Environmental and Engineering Research Institut, CAS, *National Snow and Ice Data
Center, University of Colorado)

Snow water equivalent is a key factor in the variable study of snow storage and water
resources management. Passive microwave remote sensing data (SSM/I) have a faculty to
penetrate clouds and snow cover and to provide dual polarization information at different
frequencies. In fact, due to its low spatial resolution and complex topographic condition of
the Qinghai-Tibetan plateau region, the estimation of snow water equivalent cannot be
obtained a result of satisfaction yet. MODIS data as an important complement has a high
spatial resolution. Using the MODIS data to decompose mixed-pixels of passive microwave
bright temperature data is an available method to advance the spatial resolution of SSM/I
data. After fusion of the two datasets, the snow cover, frozen ground and desert-soils
regions are distinguished in the SSM/I sub-pixel scale. Three separate algorithms were
developed based on the surface environments (snow cove, frozen ground, and desert-soils).
A final snow water equivalent value represents the area-weighted average based on the
proportional land cover within each SSM/I pixel. In this study, one day, 5 day, and 10 day
averaged passive microwave derived SWE imagery for the winter season (December-
February) are compared to in situ data from the Bureau of Meteorology in Qinghai and Tibet,
in order to assess algorithms performance. The results have shown that retrieved SWE
remains within £10-20mm of surface observations, independent of fractional within-pixel land
cover.
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CRYOSPHERIC REMOTE SENSING AND THE NASA COLD LAND PROCESSES FIELD
EXPERIMENT

Edward KIM', Don CLINE?, Robert DAVIS?, Cold Land Processes Working Group (‘NASA Goddard
Space Flight Center, NOAA National Operational Hydrologic Remote Sensing Center, *US Army
Cold Regions Research and Engineering Laboratory)

The Cold Land Processes Field Experiment (CLPX) has been designed to advance our
understanding of the terrestrial cryosphere. Developing a more complete understanding of
fluxes, storage, and transformations of water and energy in cold land areas is a critical focus
of the NASA Earth Science Enterprise Research Strategy, the NASA Global Water and
Energy Cycle (GWEC) Initiative, the Global Energy and Water Cycle Experiment (GEWEX),
and many other programs. Quantitative understanding of cold land processes over large
areas will require synergistic advancements in (1) understanding the spatial scaling behavior
of cold land processes, (2) improved representation of cold land processes in coupled and
uncoupled land-surface models, and (3) a breakthrough in large-scale observation of
hydrologic properties, including snow characteristics, soil moisture, the extent of frozen soils,
and the transition between frozen and thawed soil conditions. Major scientific questions to
be addressed through CLPX research, strategies, and expected outcomes will be discussed.
The CLPX Plan has been developed through the efforts of over 60 interested scientists that
have participated in the NASA Cold Land Processes Working Group (CLPWG). A major
product of the experiment will be a legacy data set including satellite, airborne, and ground-
based remote sensing as well as comprehensive ground truth. Field observations were
conducted by in February and March, 2002 and 2003 within a 25,000 km2 domain in
Colorado, USA. Participants included researchers from several countries. A detailed
description of the field campaigns will be presented along with some preliminary examples of
field data.
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PRELIMINARY RESULTS FROM THE VALIDATION OF SNOW COVER PRODUCTS
DERIVED FROM AMSR-E

Richard L. ARMSTRONG, Mary Jo BRODZIK, Matt SAVOIE, Ken KNOWLES (CIRES/NSIDC)

The National Space Development Agency of Japan (NASDA) has developed two Advanced
Microwave Scanning Radiometers: AMSR-E, built for NASA’s Earth Observing System
(EOS) launched on 4 May 2002 on the Aqua platform and AMSR which was launched by
Japan on December 14, 2002 on “Midori-II” the Advanced Earth Observing Satellite-II
(ADEOS-II). The AMSRs provide improved spatial resolution, varying with frequency from 6
km x 4 km at 89.0 GHz to 75 km x 43 km at 6.9 GHz, compared to earlier generations of
space-borne passive microwave instruments (e.g., SMMR and SSM/I) and they include more
frequencies than their predecessors (horizontally and vertically polarized brightness
temperatures at 6.9, 10.7, 18.7, 23.8, 36.5 and 89.0 GHz). Given the large footprint of
passive microwave sensors, snow cover within a footprint is seldom uniformly distributed and
large differences between station or gauge measurements (a point) and satellite estimates
(an area integration) can be expected. Therefore it is necessary to develop schemes to
compare areal snow cover with satellite derived snow cover and our present study relies on
several such validation data sources. These include comparisons of AMSR-E derived SWE
with snowmelt runoff models and stream gauge data for selected large river basins such as
the Lena River Basin in Russia, comparisons with SSM/I algorithm output and comparisons
of snow extent with Moderate Resolution Imaging Spectroradiometer (MODIS) data. In
addition, using data obtained during the NASA Cold Land Processes Field Experiment
(CLPX) during February and March of 2003 in northwestern Colorado, we validate the AMSR
snow products based on a wide range of measurements from the ground-based and
airborne components of this field experiment. Aircraft data will be available from the NASA
P3 (radiometers:10-220 GHz), the NASA DC-8 (AIRSAR) and the NOAA AC690 (gamma
measurements) combined with ground measurements coming from the University of Tokyo
GBMR-7 ground-based AMSR simulator and University of Michigan ground radars (L, C, X,
Ku) as well as intensive manual ground sampling. These manual measurements will provide
a sampling density that is unprecedented and will include 9,000 snow depth measurements
and 288 snow pit profiles (snow water equivalent, snow density, grain size type and size and
temperature) to characterize the snow cover over three 25 x 25 km Meso-cell Study Areas
(MSAs) providing data at a spatial scale appropriate to the analysis of AMSR-E retrievals.
We also present results from our development of enhanced snow cover mapping through
blending of microwave (SSM/I and AMSR) and optical (MODIS) satellite data.

JSHO01/08A/C27-003
MULTISENSOR REMOTE SENSING OF SNOW COVER
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Sverre Thune DOKKEN, Rune SOLBERG, Jostein AMLIEN, Rune (DDEGArD, Per-Ove HUSgy,
Hans KOREN (Department of Statistical Analysis, Image Analysis and Pattern Recognition,
Norwegian Computing Center)

Snow cover has a substantial impact on interaction processes between atmosphere and
surface. Our goal is to improve methodologies for remote sensing of snow parameters and
the use of snow parameters in hydrological models in order to achieve better water
management practices related to snow. This should result in improved climatologic data
collection, as well as better flood prediction, management of rivers and dams, and
hydropower production planning. Present snow algorithms are developed using a number of
satellite sensors, data formats, programming languages as well as being of variable quality.
In view of new satellite sensors recently launched, we endeavour to improve the
understanding of how satellite-measured microwaves and light interact with snow cover in
mountainous areas, and thereby develop new and improved algorithms for snow parameter
retrieval. A multisensor and multitemporal approach is applied in order to utilise the
complementary sensor characteristics of optical and radar data. The methods are particular
suitable for Envisat's Medium Resolution Imaging Spectrometer, Advanced Along Track
Scanning Radiometer and Advance Synthetic Aperture Radar as well as the EOS AM-1's
Moderate Resolution Imaging Spectroradiometer and Multi-angle Imaging
SpectroRadiometer. We have developed a snow retrieval algorithm laboratory environment
including both single and multisensor algorithms under the Environment for Visualizing
Images. The main parameters are snow water equivalent, snow cover area, snow wetness,
albedo and snow surface temperature. The presentation will focus on the applicability and
the quality of the different selected methods and how they can be used to make seasonal
and decadal snow trend analyses.

JSHO01/08A/C27-004 1030

USE OF THE TOPEX-POSEIDON ALTIMETER OVER LAND SURFACES AN
APPLICATION TO ESTIMATE TERRESTRIAL SNOW DEPTH

Fabrice PAPA, Benoit LEGRESY, Frederique REMY (legos/OMP)

The capability of Topex-Poseidon radar altimeter data for land surface studies at regional or
global scale has been investigated. The analyzed data, available since mid-1992 consist of
dual-frequency backscattering coefficients values (Ku and C band) estimated at the nadir
pointing angle along the satellite tracks between 66 S and 66N. Over the snow covered
areas of the Northern Hemisphere, backscatters particularly exhibit a strong seasonal
variability and in that context, the use of T-P is investigated to recover snow depth evolution
through winter. Snow pack thickness and extent, and the duration of the snow period are
important parameters to characterize and to understand climate changes. Global average
surface temperature has increased by approximately 0.5°C since the last half of the
nineteenth century and climate models suggest that an anthropogenic global warming should
manifest itself most strongly over the land in high latitudes. In that context, changes in snow
cover characteristics take a special significance. Active and passive microwave
measurements obtained from the Northern Great Plains of the United States are used to
develop a snow pack radar backscatter model, based on the decreased of the mean value of
the backscattering coefficient as the snow cover thickened through the winter. The model
results are compared to daily time series of surface snow observations made by the U.S.
National Weather Service, especially during the extreme winter 1996-97. First the beginning
and the end of the winter snow pack are accurately determined with in the repeat cycle of the
satellite. Then, the model results show that Ku band provides more accurate snow depth
determinations than does C band. Comparing the snow depth determinations derived from
the Topex-Poseidon nadir looking passive microwave radiometers with the oblique looking
SSM/I passive microwave observations and surface observations shows that both
instruments accurately portray the temporal characteristics of the snow depth time. While
both retrievals consistently underestimate the actual snow depths, the Topex-Poseidon
results are more accurate. We will also enlarge study area from local to global scale,
presenting mean global backscatter images of the entire land surfaces in Ku, C band and the
difference C-Ku, which exhibit a strong dependence with classical global vegetation and
surface slopes maps. Statistics and major temporal signals over nine entire years are
presented.First results of the use of T-P data over continents at global or regional scale look
very promising and indicate the high capabilities of Topex-Poseidon radar altimeter data for
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land surfaces monitoring and its complementarities for future synergy with passive
microwave radiometer data over continents or other active sensors such as wind-
scatterometer.
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INTERANNUAL VARIABILITY OF BRIGHTNESS TEMPERATURE OVER SNOW
COVERED REGION

Ramesh P. SINGH', V.D. MISHRA?, P. MATHUR’, Netramani HARIJAN®, Sagnik DEY", Nitin
KATIYAR®, S.P. SINGH’, Y.P. SINGH® ('Professor, Department of Civil Engineering, Indian
Institute of Technology, Kanpur, SASE, Chandigarh, India, ‘Department of Civil Engineering, IIT
Kanpur)

The snow cover in the northern part of India controls the climatic conditions of Indian
continent and also snow is considered as one of the important natural resources. The
northern part of Indian region where immense snow resources lie is often covered by clouds
and in winter the sun is not seen. The knowledge of the snow cover and the thickness of the
snow is very important in understanding the radiation budget and also useful in estimating
the surface runoff in the Indo-gangetic plains, flood conditions and recharge of ground water.
The visible remote sensing data has limitations due to the cloud cover and it also fails to
provide any quantification estimate of snow cover. In high altitude and cloud cover regions,
the microwave remote sensing data have been proved to be one of the important tools in
quantification of snow cover and also studying the snow covered characteristics. we have
carried out detailed analysis of SSM/I data over northern part of India covered wht snow for
various frequencies and polarizations for the year 1989-1998. the brightness temperature
variations show cyclic nature with minimum value in winter season and maximum value in
summer season. The brightness temperature shows a linear trend with small variations
during 1989-1998. From the brightness temperature data emissivity of the snow covered
region for seven locations have been extracted. At these seven locations, ground
parameters have been routinely recorded by the scientists from SASE, Chandigarh. In the
present paper, the characteristics of the brightness temperature, emissivity ror the period
1989-1998 will be presented. The interannual variabiltiy of brightness temperature and
emissivity in view of the nature of the snow cover. The use of SSM/I data in monitoring of
snow avalanches will be presented.
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IMPROVING THE SNOW DEPTH ESTIMATION OF SMM/I IMAGES IN TIBET PLATEAU
BY USING THE AVHRR DATA

Mingguo MA, Xin LI (CAREERI,CAS)

Normally the SMM/I images are used to estimate the snow depth. But the snow depth is
always over-estimated in Tibet Plateau of China by using the SMM/I images. This paper
uses the AVHRR images to improve the snow depth estimation.

JSHO1-Posters Tuesday, July 8

THE REMOTE SENSING OF THE CRYOSPHERE (IAHS [ICSI,
ICRS], IAMAS, IAPSO)
Location: Site D

Tuesday, July 8 PM
Presiding Chair: R. Armstrong

JSHO01/08P/D-001 Poster 1400-039

MONITORING OF IMJA GLACIER LAKE IN THE EAST NEPAL USING THE SATELLITE
IMAGE

Hironori YABUKI (Frontier Observational Research System for Global Change)

The research of the glacial lake in the Nepal Himalaya region is carried out since 1990°s (Ex.
Yamada, 1998). The glacial lake has been stopped in the unstable moraine. The size of the
lake expanded by the melting of the glacier ice in mountain region by the global warming.
GLOF (Glacier Lake Over Flood) occurred by the moraine can not sustaining and collapsing
quantity of water of glacial lake. However, unclear points such as glacial lake forming
condition and process of the glacial lake extension have been left. In this study, the
quantitative evaluation was carried out using satellite image in respect of the extension of
glacial lake of Imja glacial lake in East Nepal of which a risk of a glacial lake collapse is high.
The analysis was carried out on climate change and glacial lake formation using global
temperature data. The analysis period was from 1962 to 2000, 10 scenes (1962, 1964, 1968,
1975, 1977, 1987,1991, 1993, 1995, 2000) in this period were analyzed. Used satellite
image was used in 4 types. One is high-resoluble military affairs reconnaissance satellite
CORONA image that the U.S.A. of which the resolution is 7.6m photographed was used in
60’s. And LandsatMss of which the resolution was 83m was used in 70’s. And SPOT of
which the resolution was 10m was used in 80°s and 90°s. And Landsat ETM+ of which the
resolution was 15m was used in 2000. Each image carried out the geometric correction
using the map. Climetological data used Global Historical Climate network Ver.2 of National
Climate Data Center (NCDC).The glacial lake was formed around 1960, and that the area
expanded after it at the almost fixed speed clarified. Glacial lakes were four small ponds at
the initial stage in 60°s. Next, glacial lakes spread during around 70’s to the downstream
direction by the expansion of those ponds. Those ponds expanded, and it became one lake.
The end in the glacial lake did the extension by 1991, and it was stabilized after it. The
glacial lake expanded to the upstream direction from the middle of 70’s. ICIMOD (2000) is
said that many glacier lakes of Himalayas would rapidly develop in here 1960°s. The Imja
glacial lake is also similar. The global warming is being caused from before formation of
glacial lake with the mean deviation of annual mean temperature of the Northern
Hemisphere. The shrinkage of the glacier by the global warming occurred before formation
of glacial lake. The glacial lake might be formed by the glacier shrinkage process.

JSHO01/08P/D-002 Poster
GIS-BASED GLACIER INVENTORY OF CHINA

1400-040

Zong Li WU, Xin LI (Cold and Arid Regions Environmental and Engineering Research Institute)

The project of the Glacier Inventory of China initialized in 1979 was just accomplished in
2000. This inventory was complied based on numerous LandSat TM images, aerial
photographs, and topographic maps. More than 40 Chinese glaciologists made their great



efforts in this work. With the newest statistics from the inventory, there are total 46388
glaciers in China; the total area is 60050 km2 and the ice volume is 5591 km3.The largest
glacier locate in Tianshan Mts.(length: 63.5m,area:392.84km2,code: 5Y673K1).The highest
latitude of moraine is 6560 meter and the lowest latitude of moraine is
2240meter.Comprehensive statistics of glaciers in China are followed as:

Unit Area(km2) number  Ice Volume (km3)  source
Qilian Mts. 1931 2751 94 1981
Altai Mts. 293 416 16.5 1983
Tianshan Mts. 9196 8908 1011 1986,1987
Pamirs 2448 1147 232 2001
Karakorum Mts. 5925 3059 684.5 1989
Kunlun Mts. 8737 5947 848 1992,1994
Changjiang River 1895 1332 147 1994
Huanghe River 213 176 12 1981,1992
Tibetan Plateau 7814 5213 698 1988
Langcangjiang River 316 380 18 2001
Nujiang River 1730 2021 115 2001
Ganga River 18101 13005 1620 2002
Indus River 1451 2033 94 2002

We launched a new project to digitize the 11 volumes of published glacier data and all the
distribution maps of glaciers in China. Large-scale topographic maps were also used as
reference to reconstruct a more accurate geographic coordinate system of the inventory. We
paid particularly attention to the data quality control. The properties of both the spatial and
attribute data were carefully examined with a few operations by manual and computerized
checks. We will discuss the comparison of the areas between the books and digital data in
this paper.Since the digital inventory lays a baseline for the monitoring of glacier change, we
are going to release the database on the Internet and with CD-ROMs. In additions, the
second glacier inventory in Pumqu River drainages(Tibet) was carried out. New generation
remote sensors such as ASTER and LandSat ETM+ were used to identify glacier change in
many areas. Preliminary results showed that the change is significant.

JSHO01/08P/D-003 Poster 1400-041

INVENTORY OF GLACIAL LAKES AND IDENTIFICATION OF GLACIAL LAKE
OUTBURST FLOODS IN THE PUMQU BASIN, TIBET

Tao CHE, Xin LI, Rui JIN, Zong Li WU (Remote Sensing and GIS Lab, Cold and Arid Regions
Environmental and Engineering Research Institut, CAS)

There are 999 glaciers in the Pumqu basin in total, covering a large area of 1,556 square
kilometers. However, these glaciers are retreating in the face of accelerating global warming.
They are particularly vulnerable to climate change, and the resultant long-term loss of natural
fresh water storage will have as yet uncalculated effects on communities downstream. More
immediately, as glaciers retreat, glacial lakes form behind some of the now exposed terminal
moraines. Rapid accumulation of water in glacial lakes, particularly in those adjacent to
receding glaciers, can lead to a sudden breaching of the unstable dam behind which they
have formed. The resultant discharges of huge amounts of water and debris, namely a
glacial lake outburst flood (GLOF), often have catastrophic effects downstream. These
GLOFs have resulted in many deaths, as well as the destruction of houses, bridges, fields,
forests and roads. The lakes at risk, however, are situated in remote and inaccessible areas.
The study's major objective was to identify areas where GLOF events had occurred and
lakes that could pose a potential threat of a GLOF in the near future. First, we digitalized
glaciers and glacial lakes based on the topographic maps published three decades ago, and
remote sensing images (ASTER) acquired in 2001/2002. Secondly, the inventory of glaciers
and glacial lakes was obtained according to the spatial and attribution data. Thirdly, we
analyzed the change of glacial lakes in the two periods. Finally, on the basis of actively
retreating glaciers and other criteria, the potentially dangerous glacial lakes were identified
using the spatial and attribute database complemented by multi-temporal remote-sensing
data sets. The final results have shown that there are 225 glacial lakes with a total area of
1,062 square kilometers, and there are 24 glacial lakes were identified as the potentially
dangerous lakes in Pumqu basin. However, due to the influence of the acquisition seasons
of remote sensing images, the field survey is necessary to more soundly identify the
potentially dangerous glacial lakes.

JSHO01/08P/D-004 Poster 1400-042

SEQUENTIAL ESTIMATION OF MESO-SCALE SEA ICE MOTION FROM SATELLITE
IMAGES OF MULTIPLE RESOLUTIONS

Tsuyoshi WAKAMATSU', Motoyoshi IKEDA? (‘Institute of Ocean Sciences, DFO, Canada,
*Graduate School of Environmental Earth Science, Hokkaido University, JAPAN)

We will propose new approach to extract meso-scale sea-ice motion from satellite images
with multiple spacial resolutions. In order to merge data from different sources, we construct
simple sea-icemodel consist of Lagrangian equations, which forecast locations of sea-ice
particles, and interpolation kernel, which simulate the gridded value of signal intensity
corresponding to observed data. The estimation system is designed to correct forecasted ice
particle positions using sea-ice images as input data based on optimal interpolation
technique. Then sea-ice motion is reconstructed from the estimated ice particle positions.
Preliminary result from simple numerical experiments shows that merging several data with
different resolution helps to correct ice positions when error distributions of each data and
forecasted positions are given.

JSH01/08P/D-005 Poster 1400-043
SEA ICE CLASSIFICATION USING QUIKSCAT SEAWINDS SCATTEROMETER DATA

Rasmus T. TONBOE!, Joerg HAARPAINTNER® ('Danish Meteorological Institute, *Polar Science
Team, National Ice Center)

The Ocean and Sea Ice Satellite Application Facility project (O&SI SAF) from the European
Organisation for the Exploitation for Meteorological Satellites (EUMETSAT) is now entering
the operational phase. A data fusion sea ice product (O&SI SAF ice product) is issued daily.
The supervised Bayesian classification method is used to combine microwave radiometer
data, visual/infrared and microwave scatterometer data. The derived sea ice parameters are:
ice cover concentration, ice type and ice edge. The aim of this study is to establish statistical
values for selected ice classes in order to implement SeaWinds scatterometer data in the
operational and automated O&SI| SAF sea ice product. These ice class signatures are
produced by co-location of two years (2000-2002) SeaWinds data and ice charts around
Greenland from the Danish Meteorological Institute (DMI).Our results show that SeaWinds
data are useful for sea ice classification during the cold season (September-May). Four
SeaWinds parameters are used in the classification: 1) horizontally and 2) vertically
polarised backscatter, 3) the polarisation ratio, and 4) the daily standard deviation of the
backscatter. The backscatter separation between first year ice and multi year ice is most
effective for high ice concentrations ( >70%), but SeaWinds ice class parameters are also
separated for intermediate ice concentrations (30-70%). Ice types can not be separated for

INTER-ASSOCIATION

low ice concentrations (<30%) and these classes also overlap ocean backscatter
parameters at high wind speeds (>15m/s). In summer (June-August) it is impossible to
discriminate ice types because of ice surface melt. However separation between ice and
water is still possible. Initial results will be presented at the conference.

JSHO01/08P/D-006 Poster 1400-044

ASSESSMENT OF AMSR-E SEA ICE PRODUCTS USING IN-SITU OBSERVATIONS AND
MODELING

James Andrew MASLANIK', Julienne STROEVE', Matthew STURM?, Thorsten MARKUS®, John
HEINRICHS*, Don CAVALIERT ('University of Colorado, "USA CRREL, ‘NASA GSFC, ‘Fort Hays
State University)

As part of the validation effort for AMSR-E onboard the EOS Aqua platform, in-situ
measurements of a variety of sea ice and snow cover parameters were collected on shore-
fast ice areas near Barrow, Alaska, USA in March 2003. These measurements were carried
out in conjunction with NASA P-3 aircraft flights over the in-situ locations as well as P-3
flights over portions of the Beaufort and Chukchi sea ice pack. Coincident atmospheric data
were obtained using flights of Aerosonde unpiloted aerial vehicles. The in-situ
measurements and P-3 observations are used to assess the performance of AMSR-E sea
ice product algorithms through direct comparisons of data sets and via forward modeling of
microwave radiances using MWMOD and MEMLS. Results to be presented will highlight the
performance of the AMSR snow depth and ice temperature algorithms, and will address the
effects of snow properties on AMSR-E retrievals of snow and sea ice information.

JSHO01/08P/D-007 Poster 1400-045
SATELLITE INVESTIGATIONS OF FAST ICE BREAKUP IN EAST GREENLAND FJORDS

Evelyn K. DOWDESWELL (The Scott Polar Research Institute, University of Cambridge)

Landsat satellite imagery is used to provide a record of the breakup of fast ice in several
major fjord systems in East Greenland (68-74 deg N). The areas considered are
Kangerdlugssuaq Fjord, Scoresby Sund, Kong Oscars Fjord and Kejser Franz Josephs
Fjord. Thematic Mapper and Multispectral Scanner QuickLook images from 1979 indicate
that the breakup of fast ice generally occurs by a regular pattern of thinning and polynya
development prior to the breakup and disappearance of landfast ice. Interannual variability in
timing of breakup is compared with climate records for these years. The spatial and temporal
pattern of fast-ice breakup places constraints on iceberg calving and the potential sediment
flux into these fjord systems.

JSH01/08P/D-008 Poster 1400-046
SATELLITE OBSERVATIONS OF SEA ICE TRANSPORT IN THE SEA OF OKHOTSK

Hiroyuki ENOMOTO!, Kazutaka TATEYAMA?, Takashi KUMANO® (‘Department of Civil
Engineering, Kitami Institute of Technology / FORSGC, “Institute of Low Temperature Science,
Hokkaido University, *Kitami Institute of Technology)

The dominant pattern of sea ice drift was analyzed in the Sea of Okhotsk using DMSP SSM/I
data. Dominant ice drift along the Sakhalin Island was apparent in the satellite derived ice
drift map in the Sea of Okhotsk. The flow pattern was indicated by the trace lines adopted on
the vector field of ice drift. The flow pattern shows a dominant stream along the east coast of
Sakhalin. Many flow path of sea ice were converged in the coastal zone of Sakhalin.
Recurring polynya area in the northeast of Sakhalin was indicated as absence of steady flow
lines. In the southern part of Okhotsk Sea, ice flow was highly variable due to mesoscale
eddies. Ice group of almost same path can follow different paths due to affecting different
eddies. Seasonal and local variations of ice drift were analyzed along the Sakhalin and
Hokkaido. The alternative patterns of convergence and divergence along the ice drift zone
affect ice deformation and thickness change. There are convergence zone along the
Sakhalin Island. The convergence in this zone can cause significant compacting, rafting and
deformation of sea ice. Interannual variations of ice mass transport in this stream were
estimated by applying an algorithm of ice thickness estimation by satellite. Large amount of
freshwater and latent heat can be transported as a form of sea ice by the dominant ice
stream. Sea ice coverage decreased between 1989 to 1996. The ice area was minimum in
1996 during the last 20 years. The mean ice thickness in the ice stream zone was also
estimated to be minimum, and then recovered in the recent years. However, the ice transport
was not increased since the ice drift speed was remained in the lower range. For the
evaluating sea ice change concerning energy and mass, combinations of ice coverage,
thickness and drift are required. This study introduced available approach of estimation and
recent fluctuation of sea ice in the Okhotsk Sea.

JSHO01/08P/D-009 Poster 1400-047

REMOTE SENSING OF SNOW GRAIN SIZE AND SNOW IMPURITY CONCENTRATIONS
AND THEIR IMPACT ON THE RADIATION BUDGET

Teruo AOKI', Masahiro HORP, Knut STAMNES?, Hiroki MOTOYOSHI*, Tomonori TANIKAWA?,
Akihiro HACHIKUBO?® ('Meteorological Research Institute, *National Space Development Agency of
Japan, *Stevens Institute of Technology, ‘Space Service Inc., *University of Tsukuba, ‘Kitami Institute
of Technology)

Snow grain size and concentration of snow impurities are vitally important snow physical
parameters required to determine the spectral snow albedo. According to radiative transfer
simulations of spectral snow albedo, it depends sensitively on the concentration of snow
impurities in the visible, and on snow grain size in the near infrared. The remote sensing of
these snow physical parameter will be operationally made with ADEOS-II/GLI data since
2003 by National Space Development Agency of Japan. We conducted preliminary
performance tests of the algorithm using global data set of TERRA/MODIS in 2001-2002.
The algorithm worked well except for melting areas in sea ice. We also made a validation
experiment in northern Hokkaido, Japan in February, 2002. The snow physical parameters
retrieved from TERRA/MODIS data agreed with the ground truth data within operational
uncertainties. In addition, we have made continuous radiation budget observations and
semi-continuous measurements of snow pit work on the snowfields in northern Japan. The
effects of snow physical parameters on the visible and the near infrared albedos are
calculated using a radiative transfer model for the atmosphere-snow system and compared
with the measured ones. The measured broadband albedos were close to the theoretically
calculated ones as functions of these snow physical parameters. These results suggest the
possibility to develop a physically based snow albedo scheme for describing land-surface
processes in climate models. Furthermore, the snow albedo scheme could be validated with
the satellite remote sensing data mentioned above.
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JSHO01/08P/D-010 Poster 1400-048

SNOW ACCUMULATION STUDIES IN ANTARCTICA WITH GROUND PENETRATING
RADAR USING 50, 100 AND 800 MHZ ANTENNA FREQUENCIES

Anna Katariina SINISALO', Aslak GRINSTED', John MOORE', Eija KidrKis?, Rickard
PETTERSON® (‘Arctic Centre, University of Lapland, *Division of Geophysics, Department of
Physical Sciences, University of Helsinki, Finland, *Department of Physical Geography, Stockholm
University)

Snow radar profiles were measured in Dronning Maud Land in the vicinity of the Finnish
research station Aboa during the austral summer 1999-2000. The aim was to study the
annual layering in the upper 50 meters of the snow pack and to compare the results obtained
by three radar antenna frequencies. The radar profiles measured by three antenna
frequencies (50, 100, and 800 MHz) are compared with each other, and some internal layers
shown to be visible with different antennas. Sparse accumulation rate data from stake
measurements and snow pits are compared with layer depths and exhibits a great deal of
scatter due to the larger inter-annual variability in accumulation patterns. Using the radar
layers as isochrones together with a model of depth-density-radar wave velocity allows the
individual accumulation data to be integrated and a better estimate of accumulation patterns
obtained. Using the radar layering seems to be a much better method of estimating
accumulation rate than short series of stake measurements in this region, even in the
absence of deep ice cores to directly date the radar layering.

JSH01/08P/D-011 Poster 1400-049

A PROCUDURE FOR CLASSIFING DRY SNOW, WET SNOW AND FROZEN SOIL BY
USING MICROWAVE REMOTE SENSING

Xin LI', Tao CHE', Richard L. ARMSTRONG?, Lizong WU' (‘Cold and Arid Regions Environmental
and Engineering Research Institute, CAS, *National Snow and Ice Data Center, University of
Colorado)

The purpose of land classification by using microwave remote sensing is not only to
discriminate different landcover types such as snow, soil, and vegetation but also to identify
surface status such as melting or dry snow, frozen or unfrozen soil, precipitation or cloud
liquid water. This kind of classification, with the help of other ancillary information as DEM,
can be used to improve the accuracy of retrieval models. We developed a decision-tree
classification procedure for classifying a wide range of surface and atmospheric features by
using the (Defense Meteorological Satellite Program) DMSP Special Sensor
Microwave/Imager (SSM/I). Main foci were put on those features have similar
scattering/absorbing properties since it significantly affects the quantitative retrieval of
geophysical parameters. For example, snow water equivalent is overestimated in some
areas because snow and frozen soil are not discriminated. The first step of the procedure is
to classify the absorbing and scattering materials using the combination of 85 GHz and 22
GHz vertical polarization channels. Then, using some rules between 22 GHz and 85 GHz,
precipitation can be discriminated from other scattering materials. Sand is identified when
Tv19 Th 19 > 20. For dry snow and frozen soil, their scattering properties are very similar.
We use the equation given by Robinson and other a priori information to classify them. After
the classification, different models can be used to retrieve different geophysical parameters
according to the different surface features.

JSHO01/08P/D-012 Poster 1400-050

SPECTRAL CHARACTERISTIC-BASED VEGETATION AND SNOW INDICES ON
VARIOUS SURFACES IN THE AIRBORNE MULTI-SPECTRAL SCANNER (AMSS) TWO-
ALTITUDE OBSERVATION IN 2001

Ken MOTOYA (Frontier Reserch System for Global Change)

Spectral characteristics and spectrum-based snow and vegetation indices from one visible
and two near-infrared bands, on various surface categories were evaluated, using an
Airborne Multi-Spectrum Scanner (AMSS) in 2001. The AMSS was improved in sensitivities
of near-infrared channels compared with those in 1998. Interrelations between the indices
(or visible-to-near-infrared albedo) and vegetation density were also discussed with field
observations of forest density in a high spatial resolution. In addition, differences of
atmospheric effects on both the AMSS data and the snow and vegetation indices were
estimated with observations at two altitudes and compared with the result of a radiative
transfer model. From observation at the higher altitude (13200ft), radiances at bands less
than 490 nm in wavelength were strongly affected by the Rayleigh scattering. However, the
visible (625 nm) and short (865 nm) near-infrared channels of the snow and vegetation
indices, were not affected so much by the atmospheric effects and long (1650nm) near-
infrared also has only a small effect of the water vapor absorption. The indices were little
affected by the atmosphere in general. Moreover, viewing-angle dependencies of detectors
on near-ultraviolet (380 nm), visible (625nm), and short and long (865 nm and 1650 nm)
near-infrared channels were investigated. As a result, fore-scattering was representative on
snow surface in its viewing-angle dependency and forest has a Lambert-like dependency.
The dependency at wavelengths of more than 1000nm was approximately half of that in the
AMSS of 1998 because the IFOV of those channels was expanded from 2.5 mrad to 5 mrad.

JSHO01/08P/D-013 Poster 1400-051

MICROWAVE AND MICROMETEOROLOGICAL OBSERVATIONS OF WINTER SNOW IN
ROCKY MOUNTAIN

Haoyu GU, A. W. ENGLAND, R. DEROO, H. PHAM, D. BOPRIE (Department of Atmospheric,
Oceanic and Space Sciences, University of Michigan)

Snow plays an important role on earth's hydrology cycle, and significantly interacts with
global weather and climate. However, snow melt processes and their interaction with soil,
vegetation and atmosphere are still not well understood. Microwave radiometry is a
technology which promises to enable space-based remote sensing of snow pack wetness.
To understand the radiometric signature of a wet snow pack, we are participating in the
NASA Cold Land Processes Field Experiment (CLPX) in the Rocky Mountains of Colorado
during winter and spring of 2003. We are using our Truck Mounted Microwave Radiometer
System (TMRS3) and our Micrometeorological Station (MMS). TMRS3 includes dual-
polarized 1.4, 6.7, 19 and 37 GHz radiometers. The MMS measures air temperature, relative
humidity, soil heat flux, two soil temperature and moisture profiles and a snow temperature
profile. These MMS data complement the meteorological data collected as part of CLPX.
This presentation will cover both radiometric and meteorological observations made during
the experiment. These data will be used to test and improve a Soil Vegetation Atmosphere
Transfer (SVAT)/Radiobrightness Model coupled with SNTHERM, a one-dimensional snow
energy budget model. The coupling of the two models is underway. The observational data
will be archived in National Snow and Ice Data Center for access by other researchers.
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JWHO01/09A/C30-001 0900

EXPERIENCE OF APPLICATION OF PHYSICALLY-BASED MODELS OF SNOWMELT
RUNOFF GENERATION AND ASSIGNING OF MODEL PARAMETERS

Lev S. KUCHMENT (Water Problems Institute, Russian Academy of Sciences)

Experience of application of physically based models of snowmelt runoff generation for
different physiographic conditions is analyzed. Case studies have carried out for three river
basins in the central part of the European Russia and for two basins in the Far East part of
Russia. The models are based on the finite-element schematization of river basins and
include a detailed description of snow processes, soil freezing and thawing, infiltration into
the frozen and thawed soil, overland and subsurface flow, water movement in the river
channel system. It is assumed that the snow water equivalent, the saturated hydraulic
conductivity and the depth of frozen soil have subgrid stochastic variability and the ways of
taking into account this variability have suggested. The structure of the models is chosen on
the basis of results of sensitivity analysis and analysis of runoff generation mechanisms in
given river basins. The part of parameters are the measured basin characteristics, several
parameters are determined on the basis of empirical dependencies including the measured
characteristics, and the rest of parameters are calibrated against runoff or other water
balance component measurements. Comparisons of measured and calibrated model
parameters as well as the empirical formulas obtained for determination of parameters for
different river basins are given. Possibilities of using different empirical dependencies and
transferability of these dependences and model parameters between basins are considered.
Numerical experiments have been carried out to test ability to apply the suggested physically
based models of snowmelt runoff generation for the poorly gauged river basins. It has been
showed that only 2-4 of most important parameters should be calibrated using comparatively
short series of runoff measurements, whereas the values of the rest 10- 12 parameters can
be regionalized.

JWHO01/09A/C30-002 0920

WATER AND ENERGY TRANSFER IN SNOW AND FREEZING SOIL IN EASTERN
HOKKAIDO, JAPAN

Tomoyoshi HIROTA, Yukiyoshi IWATA (National Agricultural Research Center for Hokkaido
Region)

Eastern Hokkaido is one of the largest agricultural regions in Japan. Low air temperature
(annual minimum air temperature is — 30 ° C) and relatively thin snow covers on the ground
cause the topsoil to freeze over the winter in this region. But recently, trends in maximum
frozen soil depth in a year tend to decrease due to timing of snow covers earlier. Despite the
importance of frozen soil and snow for agriculture, very few comprehensive meteorological
and hydrological studies were conducted in this region until recent years. The study
objectives are to 1) conduct a detailed and long-term field study under snow and soil freezing
condition, 2) identify key parameters affecting the water and energy transfer at the ground
surface and in the soil, and 3) develop predictive tools for assessing the impacts of farming
practices and climate change on the frozen soil. The field study has been conducted in
agricultural experimental field located Memuro, Tokachi, Hokkaido since October 2001. We
have observed atmospheric factors (temperature, humidity, wind speed, precipitation, short
and long wave radiation (upward and downward)), soils factors (vertical temperature
profiles, vertical water content profiles by TDRs, water potentials beneath frozen layer by
tensiometeres, surface soil heat flux, frozen depth by frost tube filled with 0.03% methylene
blue solution), snow factors (snow depth, snow water equivalent (SWE) by pressure sensor
measurement, snow temperature vertical profiles) and a weighing lysimeter for measuring
evaporation and snowmelt. Almost sensors have measured automatically and continuously
every 10 to 60 minutes. In 2001-2002 years winter observation period, maximum frozen soil
depth was 20 cm however maximum snow depth was relatively thick; 80 cm, maximum SWE
was 225 mm. Seasonal variations of the soil water status was characterized into four stages;
1) beginning of winter (December); Due to thin snow layer (less than 20 cm), frozen soil
depth was increased, surface soil liquid water content was decreased rapidly, direction of
soil water flux was upward from deeper soil layer to surface layer, 2) mid of winter (January
to February), After thick snow layer covered (over 40 cm depth) , developing of frozen soil
depth stopped, soil liquid water content was almost constant, direction of soil water flux was
changed from upward to downward, 3) beginning of snow melt season (from begging to mid
of March), occurring following phenomena simultaneously; starting snowmelt, snow
temperature raised rapidly near 0 °C, frozen soil was partially thawed. 4) End of snowmelt
season (end of March), snowmelt water moved into subsoil by gravitational flow though
frozen soil depth was still 10 cm. We also discuss new snow and soil temperature model
developed by Hirota et al., 2002 in JGR called the extended force-restore method using
detailed our field datasets.

JWHO01/09A/C30-003
A MODEL OF ANNUAL HYDROLOGICAL CYCLE FOR ARCTIC TUNDRA

0940

Hiroyuki HIRASHIMA', Tetsuo OHATA', Yuji KODAMA', Hironori YABUKI* ('Institute of Low
Temperature Science, Hokkaido University, Kita 19, Nishi 8, Kita-ku, Sapporo 060-0819, Japan.,
“Frontier Observational Research System for Global Change, Tokyo 105-0013, Japan.)

In arctic region, it is remarked that rising of temperature by the effect of global warming is
most serious. The influence of global warming to annual hydrological condition can be
usually estimated by one-dimensional model. However, in arctic tundra region, snow is
distributed non-uniformly due to low vegetation and strong wind. Thus, discussion on
hydrological condition distribution must be considered for simulation to such a place.
Distributed hydrological model for warm period and snow distribution model for cold period
have been developed in recent years. In the present study, distributed annual hydrological
cycle model was developed to simulate thermal condition and hydrological term for such a
non-uniform snow distributed region. This model consists of snow and subsurface multi-layer
model, snow distribution model and distributed hydrological model and simulates energy and
hydrological processes in cold and warm period. The model is spatially distributed model and
simulates using meteorological and topographical input data. In cold period, this model
simulates snow redistribution by calculating blowing and drifting snow amount. Snow depth
and profiles of snow temperature, density and water content are simulated simultaneously



using one dimensional snow multi-layer model for each grid. In warm period, this model
estimates snowmelt amount by energy balance method. The snowmelt water contributes to
the hydrological process (e.g. soil moisture, evaporation and river runoff) with liquid
precipitation. Vertical water movement and horizontal water movement by subsurface flow
and surface flow are calculated by multi-layer diffusion model, Darcy’s law and Manning’s
equation, respectively. Permafrost is assumed to be impermeable layer. Since hydrological
process in permafrost region depends on thermal condition, ground temperature profile and
thaw depth was calculated simultaneously. In this study, numerical simulation with this
hydrological model was carried out in Siberia tundra region, Tiksi. The simulated result was
validated using observational data obtained under the GAME-Siberia project. Simulated soil
temperature was compared with observed one obtained at the meteorological station and
agreed well. The snow distribution observed by helicopter, suggested that the snowdrift was
mainly formed at the hollow region such as river, and the model reproduced this
characteristic. However, simulated river runoff was too much in melt period and too little in
the latter half of warm period than observed river runoff. This result suggests the infiltration
of melt water to frozen soil is important process here. The simulation results of hydrological
cycle model considering this process are going to be discussed as well.

JWHO01/09A/C30-004 1000
A COMPLETE MODEL FOR SNOW DRIFT PROCESSES IN STEEP ALPINE TERRAIN

Michael LEHNING, Judith DOORSCHOT, Norbert RADERSCHALL (Swiss Federal Institute for
Snow and Avalanche Research SLF)

Since blowing and drifting snow is a major factor influencing avalanche danger and the local
micro climate, a high resolution, objective and quantitative assessment and forecast of snow
transport by wind is of great practical value. Wind transport of snow is governed by three
components: the erodability of the snow pack, the current snowfall and the wind field. A
snowdrift model has been developed that combines an atmospheric model analysis of the
high resolution wind field over steep topography, a novel formulation for snow drift and a
snow cover model. For modeling snow drift, the transport modes saltation and suspension
are distinguished. The flow field over steep topography is modeled using the meteorological
model system ARPS (Advanced Regional Prediction System). It is shown that important
features of the wind field such as speed-up over the crest and flow separation in the lee can
be reproduced by the flow model using a high resolution computational mesh. Also
discussed are the turbulence fields, which are important for the simulation of the drift modes
saltation and suspension. A novel model for snow saltation is presented, which is suitable for
steep terrain. Based on a computationally efficient equilibrium approach, the description of
saltation uses explicit trajectory calculations to estimate mass fluxes on steep slopes. The
snow cover is represented by the model SNOWPACK. SNOWPACK is a detailed model of
the snow cover development and simulates the erodability of deposited snow as well as
metamorphic changes, heat and mass fluxes and phase changes. Emphasis of the
presentation is further on the coupling between the snow cover, the drifting and blowing
snow and the wind field. For a correct description of the erosion and deposition pattern, the
formulation of the coupling functions is of major importance. The full model system is applied
to predict snow loading in avalanche slopes. Results for the avalanche winter 1998 / 1999
are presented. The evaluation of the results show that major characteristics of snow
redistribution are captured by the model. In steep terrain, saltation appears to contribute less
to snow redistribution than previously assumed. Preferential deposition during snow fall
events appears to be a major factor influencing snow distribution in small scale steep terrain.
Preferential deposition is the process that during snow fall events the snow is already
inhomogeneously distributed, even when the wind velocities are too small for saltation and
thus erosion of deposited snow to happen. This process is not represented in other snow
drift models. Remaining uncertainties of the model system concern the formulation of
suspension and the accuracy of the flow simulation. Suggestions for improvements are
made. Finally, the importance of an adequate representation of snow processes for
improvements in meteorological prediction models and climate models is pointed out.
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MODELLED AND OBSERVED REDISTRIBUTION OF SNOW ACROSS AN ANTARCTIC
ICE RISE

John C. KING', Phil S. ANDERSON', David G. VAUGHAN', Graham W. MANN?, Stephen D.
MOBBS? (‘British Antarctic Survey, *School of the Environment, University of Leeds)

The ice sheets of Antarctica provide ideal, simple environments for testingmodels of the
redistribution of snow by the wind. Between January 2000 and January 2002 we carried out
a detailed campaign of measurements along a transect of Lyddan Ice Rise (LIR), Antarctica
(74°S, 22°W). LIR is an approximately two-dimensional ridge about 15 km wide which rises
125 m above the surrounding ice shelves. The local prevailing winds blow approximately
perpendicular to the axis of the ridge. Snow accumulation variability along the transect was
determined from a ground penetrating radar survey and snow stake measurements. The
survey revealed variations in accumulation of up to 50% of the area mean, both on the scale
of the LIR itself and on scales of a few hundred metres. The broad-scale pattern
ofredistribution is consistent with estimates of snow transport made using wind
measurements from 3 automatic weather stations installed along the transect line. In order to
test whether the small-scale variability in accumulation was also due to redistribution, the
surface wind field over the LIR was modelled using a simple airflow model. The model was
forced using radiosonde observations from nearby Halley station and the computed surface
stress field was used to calculate snow transport using a simple parametrisation. The
modelled snow redistribution matches the observed spatial variations in accumulation
extremely well. This confirms that the observed spatial variability in accumulation is driven by
variations in snow transport which are, in turn, caused by rather small topographic variations
on a variety of scales.

Presiding Chair: E. Martin
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DISTRIBUTED SNOW ACCUMULATION AND MELT MODELING - ROLE OF SNOW
DRIFT, VALIDATION AND UNCERTAINTY OF THE SIMULATIONS

Juraj PARAJKA, Ladislav HOLKO, Zdeno KOSTKA (Institute of Hydrology, Slovak Academy of
Sciences)

Distributed snow modelling in seasonaly snow covered areas is potentially very important for
proper assessment of the amount of water contained in snow and its release into river
network during the snowmelt. However, many uncertainties may appear in practical
applications of distributed snow models. How to obtain true distributed input data and model
parameters? Can the spatial predictions be validated and how? What is the value of a
distributed snow model compared to the lumped one? We have tested modified distributed
version of the energy based Utah Snow Accumulation and Melt Model (UEB-EHZ) in small
mountain catchment of the Jalovecky creek, Slovakia (area 22,2 km2, mean elevation 1500
m a.s.l.). Special attention was paid to distributed parametrization of snow drift. Values of
snow drift based on snow survey measurements performed in winters 1989-2001 were
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combined with theoretical distribution of wind speed and topographic features of the
catchment. Produced snow drift map was used to simulate the spatial distribution of snow
water equivalent in two winters - the snow rich winter of 2000 and the snow poor winter of
2001. The results were validated against snow surveys and ground photographs of the
catchment. Synchronisation between modelled snowmelt and measured catchment runoff
and comparison of snowpack development in the forest and at open areas served as
additional qualitative validation measures of the model. The simulations confirmed that there
is essential difference in model parameters for forested and open areas. Consideration of
spatially distributed drift factor resulted in prolonged snowmelt. However, there is high
uncertainty in the estimation of snow drift. While spatial patterns of snow erosion and
deposition areas can be easily estimated from DEM and other analyses, the concrete values
of drift in mountains can only be estimated from field measurements.
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MODELING REGIONAL AND GLOBAL SCALE SUBGRID HETEROGENEOUS SNOW
COVER

Glen E. LISTON (Department of Atmospheric Science, Colorado State University)

To improve the depiction of autumn through spring land-atmosphere interactions and
feedbacks within regional and global weather, climate, and hydrologic models, a Subgrid
SNOW Distribution (SSNOWD) submodel that explicitly includes subgrid snow-depth and
snow-cover variability has been developed. From both atmospheric and hydrologic
perspectives, the subgrid snow-depth distribution is an important quantity to account for
within large-scale models. In the natural system, these subgrid snow-depth distributions are
largely responsible for the mosaic of snow-covered and snow-free areas that develop as the
snow melts, and the impacts of these fractional areas must be quantified in order to
realistically simulate grid-averaged surface fluxes. SSNOWD’s formulation incorporates
observational studies showing that snow distributions can be described by a log-normal
distribution and the snow-depth coefficient of variation. Using an understanding of the
physical processes that lead to these observed snow-depth variations, a global distribution of
nine subgrid snow-depth-variability categories was developed, and coefficient-of-variation
values were assigned to each category based on published measurements. In addition,
SSNOWD adopts the physically realistic approach of performing separate surface energy
balance calculations over the snow-covered and snow-free portions of each model grid cell
and weighting the resulting fluxes according to these fractional areas. Using a regional
atmospheric model (ClimRAMS) over a North American domain, SSNOWD was compared
with a snow-cover formulation similar to those currently used in most general circulation
models. The simulations indicated that accounting for snow-distribution variability has a
significant impact on snow-cover evolution and associated energy and moisture fluxes.
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FEATURES OF SPATIAL DISTRIBUTION DYNAMICS OF SNOW COVER DURING
SNOW MELTING PERIOD IN SUBARCTIC TUNDRA OF EASTERN SIBERIA

Georgiadi GEORGIADI, Vladislav MALYSHEV, Alexander ZOLOTOKRYLIN, Nikolai OZEROV
(Institute of Geography, RAS)

Low mountains (up to 300 m above sea-level) and piedmont plains with big enoughnumber
of lakes are the main features of subarctic tundra relief of Eastern Siberia in the vicinity of
Tiksi polygon of GAME/Siberia program. Mentioned features as well as strong wind during
winter period redistribute of snow and as a result non-homogeneous snow cover is formed.
Main part of territory is characterized by relatively thin snow depth. Much snow is
accumulated in river valleys,depressions etc. These features of snow spatial distribution
determine character of snow clearing of territory. Snow disappears during several days of
active snow melting in main part of territory while snow is melting rather long time in the
places of accumulation of much snow. In 1999-2001 a complex remote sounding of the
Suonannakh river basin (in vicinity of Tiksi) was fulfilled. It was aimed to investigate of
spatial-temporal distribution features of areas covered by snow, their spectral brightness,
surface temperature, albedo before and during snow melting period. Remote sensing
measurements were conducted by a complex of equipment from board MI-8 helicopter from
a height of 400-2000 m along special routes. The equipment complex included: spectrometer
recording reflecting characteristics of underlying surface in absolute values of spectral
density of energy brightness within 0.4-0.85 micrometers of electromagnetic wave band with
450 spectral channels; digital video camera working in RGB channels; radiometer working
over 8-14 micrometers for recording of surface temperature as well as piranometer.Results
of analysis of spatial distribution dynamics of snow cover during snow melting period based
on remote sensing data are presented.
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SNOWMIP, AN INTERCOMPARISON OF SNOW MODELS: COMPARISON OF
SIMULATED AND OBSERVED INTERNAL STATE

Charles G. FIERZ', Pierre ETCHEVERS?, Ross BROWN?, Michael LEHNING', Yves LEJEUNE?, A.
BOONEY, Y. GUSEV?, Rachel JORDAN’, E. KOWALCZYK’, R.D. PYLES®, T. YAMAZAKI’
('Swiss Federal Institute for Snow and Avalanche Research SLF/WSL, *Centre d'Etudes de la Neige,
