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Amelia-21 wells in the central Adriatic. 
Available records span the time periods 1992-
1994-1996-1997.The cM values thus derived are 
statistically processed to get an average cM ver­
sus oz and z. Using the in situ cM along with oth­
er data provided by ENI-AGIP (the Italian oil 
company) for reconstructing the geology and 
the geometry of the Northern Adriatic basin, 
specifically the Dosso degli Angeli reservoir 
and the associated waterdrive (Figure l b ) , land 
subsidence over and around the field is simu­
lated from 1971 to 1992 (Figure 4a). 

Available topographic leveling provides doc­
umentary evidence that the model matches 
the observed records quite satisfactorily 
(Figure 2c) and will be able to be used to 
reliably predict the residual settlement of the 

coastal area from 1992 to 2042. The overall 
land sinking projected for 2042 and the resid­
ual subsidence from 1992 to 2042 are 
displayed in Figures 4b and 4c, respectively. 
After field abandonment, the settlement rate 
over the reservoir gradually approaches zero, 
with a subsequent small rebound of 1-2 cm 
expected by 2042 (Figure 4c).The amount of 
surface uplift is related to the cM value in 
expansion, which is smaller than that in com­
pression due to the plastic deformation expe­
rienced by the stressed sediments.The largest 
residual settlement occurs outside the field 
outline in the areas of Porto Garibaldi and 
Casal Borsetti and approaches 10 cm in 2042 
(Figure 4c). Notice that this value exceeds by 
two to three times the value predicted by the 
simulation model at the same sites in 1992. 
Inspection of Figure 4b suggests that Dosso 
degli Angeli does not induce additional subsi­
dence after wells shutdown. Hence, residual 
sinking appears to be produced by the active 
dynamics of the waterdrive, which is still com­
pacting in some areas in 2042 [Bail et al, 1999]. 

If we add the projected natural land subsi­
dence, we can conclude that Porto Garibaldi 
and Casal Borsetti may still subside by an 
additional 20 cm over the next 50 years. A 
major result promoted by our studies is an 
increased awareness of the consequence that 
gas production may have on future coastline 
stability relatively far from the gas field. As a 
result, the project for the Chioggia Mare devel­
opment, a major gas field located close to the 
Venetian littoral (Figure la),has been supple­
mented with a program of water injection into 
the waterdrive between the field boundary 
and the shoreline [AGIP, 1996].Concurrently,a 
decree issued by the Italian Minister of Envi­
ronment in December 1999 prescribes a 12-
mile wide safety area offshore where gas 
withdrawal is strictly forbidden. Moreover, the 
expected land subsidence due to field devel­
opment outside the safety area, as predicted 
with the aid of numerical models, must not 
exceed the overall amount of 1 cm in 10 years 
at a distance of 6 miles from the Northern 
Adriatic coastline. 
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Space Geodesy Monitors 
Mass Transports 
in Global Geophysical Fluids 
PAGES 247,249-250 

Large-scale mass transports in the Earth 
system produce variations in Earth's rotation, 
gravity field, and geocenter. Although relatively 
small, these global geodynamic effects have 
been measured by space geodetic techniques 
to increasing, unprecedented accuracy, open­
ing up important new avenues of research 
that will lead to a better understanding of 
global mass transport processes and the 
Earth's dynamic responses. 

To take full advantage of these advances, the 
International Earth Rotation Service (IERS), 
the organization that monitors the rotational 
motions of the Earth and related properties, saw 
the need in 1998 to create an infrastructure to 
facilitate the link between the space geodetic 
measurement and the geodynamic "global 

change" research communities [Dehant et al., 
1997].Hence was born the IERS Global 
Geophysical Fluids Center (GGFC). 

The GGFC builds upon the success of the 
IERS Sub-bureau for Atmospheric Angular 
Momentum (AAM), which had operated since 
1989 and was responsible for obtaining AAM 
and related data products calculated by the 
world's major meteorological centers and dis­
seminating them to users concerned with Earth 
rotation monitoring, prediction, and research 
[Salstein et al., 1993] .The new GGFC greatly 
expands these activities to encompass: ( i ) all 
three geodynamic effects (rotation plus gravity 
and geocenter),because the Earths changing 
gravity and geocenter have obvious impacts on 
the precise definition of the terrestrial and 
celestial reference frames that are central to 
IERS' measurements; and (ii) all geophysical 

fluids (not just the atmosphere), because they 
also make important contributions to the geo­
dynamic effects (even though the atmosphere 
is often the largest contributor on a wide range 
of timescales).Table 1 summarizes this matrix 
of topics of interest to IERS GGFC. 

Description of the Physics 

To illustrate these effects, consider a simple 
"solid Earth + atmosphere" system in which an 
air mass moves across the surface of an other­
wise uniformly rotating solid Earth. Regardless 
of its driving mechanism, this air mass trans­
port will have certain geodynamic conse­
quences (Table l).Via surface torques,the 
relative motion of the air mass imparts 
changes in the solid Earth's rotation, just as a 
circus seal does by balancing itself on a 
rolling ball. Furthermore, the associated redis­
tribution of mass changes the Earth's inertia 
tensor and, hence, its rotation.This process is 
analogous to a spinning ice skater who 
changes his rotation by moving his arms: he'd 
spin faster when drawing his arms closer to 
his body and vice versa, and he'd "wobble" if 
he does so in an asymmetric way The above 
two effects are consequences of the conser-
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Table 1. GGFC's topics of interest. 

Geodynamic 
Effect 

Physical 
Principle 

Geophysical Fluids Geodynamic 
Effect 

Physical 
Principle Atmos. Oceans Hydrol. Tides Mantle Core 

Earth 
Rotation 
Variation 

Cons.Angular 
Momentum 
(via torques) 

/ / / / / / 

Gravity 
Variation 

Newton's 
Gravity Law 

• / V V / / 

Geocenter 
Motion 

Cons. Linear 
Momentum 

• / / / / / 

vation of angular momentum, which here dic­
tates that the total angular momentum of the 
Earth plus atmosphere system stays constant. 

A second geodynamic effect is the change 
in the gravity field produced by the moving 
air mass. In general, Newton's gravitational law 
states that a body produces its own gravity 
field around it according to the distribution 
of mass within the body.Therefore, a temporal 
change in the mass distribution will in gener­
al cause the gravity field to change with time. 

Finally, the system is subject to the conserva­
tion of linear momentum, which dictates that 
it is the center of mass of the total Earth-plus-
atmosphere system that should always obey 
celestial mechanics in its translational motion 
around the solar system, no matter how the air 
mass moves relative to the solid Earth. Relative 
to this combined center of mass—about which 
satellites orbit—the solid Earth's center of mass, 
with which observing ground stations move, 
would then undergo apparent but very slight 
motion.This is referred to as the geocenter 
motion. A physical analogy would be two 
masses connected by a spring and thrown 
into a trajectory 

Our real Earth is, of course, a lot more 
complex, and exciting, than the Earth-plus-
atmosphere system described above. Any 
geophysical process involving fluid mass 
transport (see Figure 1) will have its own geo­
dynamic effects depending on its spatial and 
temporal characteristics. The signal observed 
by space geodetic techniques is the sum of all 
the individual signals. 

Space Geodetic Measurements 

The Earth's rotation can be represented by a 
three-dimensional vector whose components 
consist of the rotational speed that determines 
the length-of-day and the orientation of the 
rotational axis.Variations of the latter are 
called nutations if relative to inertial space, or 
polar motion if relative to an Earth-fixed frame. 
For nearly three decades, space geodetic meas­
urement precision has improved at the rate of 
one order of magnitude per decade. Satellite 
laser ranging (SLR) and very-long-baseline 
interferometry (VLBI) have been the workhorses 
in measuring Earth's rotation. Recent years 
have seen an increasing use of Global Position­
ing System (GPS) data especially for higher 
temporal resolution, and radio tracking data 
from the Doppler Orbitography and Radio 
Positioning Integrated by Satellite (DORIS) 

system. Sub-milliarcsecond precisions (corre­
sponding to sub-centimeter precision if 
projected to the Earth's surface) are now rou­
tinely achieved in daily Earth orientation meas­
urements, and a new VLBI project called CORE 
(Continuous Observation of the Rotation of 
the Earth) that promises uninterrupted hourly 
measurements with even higher precision is 
being implemented in phases. 

Measuring Earth's global gravity field and its 
temporal variation requires special considera­
tion. An external observer can sense gravity only 
if he is not "in orbit;" that is, not in free-fall, as is 
an orbiting satellite. A satellite cannot directly 
"feel" the gravity, which is why a space-borne 
gravimeter is useless. However, a near-Earth satel­
lite's detailed orbital trajectory does reflect the 
gravity field through which it traverses. Decades 
of precise orbit tracking data of many geodetic 
satellites have led to generations of increasingly 
refined models for the Earth's average gravity 
field in terms of the Stokes coefficients of its 
spherical harmonic expansion. 

In particular, and more pertinent to the pres­
ent discussion, the precise SLR technique has 
detected tiny temporal variations in the low-
degree gravity field, and those more than a 
month long can now be clearly identified.The 
upcoming series of space gravity missions of 
CHAMP and GRACE employ satellite-to-satel­
lite tracking techniques, and GOCE will carry 
a gravity gradiometer (which measures local 
gradient of gravity).These three missions will 
yield gravity information at much higher pre­
cision and geographical resolution. For exam­
ple, GRACE promises to be able to resolve 
water-level-equivalent mass changes of only a 
centimeter over an area of a few hundred 
kilometers at a temporal resolution as short as 
10 days [Wahr et al, 1998]. 

On another front, satellite-based SLR, GPS, 
and DORIS data are beginning to reveal geo­
center motion at the centimeter level.This 
motion manifests itself as a translation of the 
ground station networks with respect to the 
center of mass of the whole Earth system 
defined by satellite orbits. Mathematically, 
the three components of the geocenter trans­
lation vector correspond directly to the three 
Stokes coefficients of spherical harmonic 
degree 1 of the gravity field. Although in its 
infancy and still beset by many technical and 
modeling problems, geocenter motion meas­
urements have prompted a number of recent 
geophysical investigations and will undoubtedly 
continue to do so [IERS, 1999a]. 

Geophysical Fluids 

The magnitude of the geodynamic effects 
produced by a particular mass transport is 
approximately proportional to the ratios of 
(net transported mass)/(Earth mass) and (net 
transport-distance)/(Earth radius). Many 
processes are below the detection threshold 
because of the relatively small mass or short 
distances involved. Examples include 
volcanic outgassing; volcanic eruptions where 
most material stays in the local area; land­
slides and rock/mud flows, however great; 
thermal expansion and/or freezing of ocean 
water, however extensive; floating icebergs; 
intercontinental trade of petroleum and other 
commercial goods; and building of cities and 
the Great Wall of China. Biomass variations 
may be of marginal importance. 

However, there are many fundamental 
geophysical processes involving large-scale 
mass transports that do cause measurable geo­
dynamic effects (Figure l),but even they 
produce signals typically no larger than 1 part 
in ten billion [e.g.,Chao, 1994].The most promi­
nent are perhaps weather effects, which are orig­
inally driven by solar radiative input and related 
over much of the globe to the Earths rotational 
Coriolis force and modified by atmosphere-
ocean and atmosphere-land interactions.The 
meteorological pressure systems seen on weather 
maps indicate that different masses of air move 
around the planet as part of the general circu­
lation. Thus, the winds produced show a 
variation of these synoptic motions on short 
timescales, but they are strong as well on 
longer scales related to intraseasonal,seasonal, 
and interannual oscillations. Interannual anom­
alies associated with El Niho/La Nina are of par­
ticular interest in this regard, especially because 
they are part of the system that produces very 
strong zonal wind anomalies across the Pacific 
Ocean and elsewhere from the tropics to higher 
latitudes [e.g.JERS, 1999b]. Remarkably the 
length of day showed a very clear strong signal 
during the recent 1997-1998 El Nino event and 
in earlier ones, also. 

Mass transport also occurs in the oceans. 
There it is mainly caused by tidal forcing, sur­
face wind forcing, atmospheric pressure forc­
ing, and thermohaline fluxes. Satellite altimetry 
can measure changes in the sea-surface height 
caused by these forcing mechanisms, and 
GRACE (and CHAMP to a certain extent) will 
soon be able to infer changes in the ocean-bot­
tom pressure. Numerical models of the oceanic 
general circulation allow detailed investigation 
of the response of the oceans to these forcing 
mechanisms and allow quantities such as the 
angular momentum associated with oceanic 
mass transport to be modeled and compared 
with Earth rotation measurements. Recent stud­
ies have shown that nontidal oceanic mass 
transport can measurably change the length of 
the day [e.g.,Marcus et al., 1998] and can also 
cause the Earth to wobble as it rotates [e.g., 
Pbnteetal.,\99S]. 

Large mass transports/redistributions occur as 
tides at all tidal periods.The tides involve mass 
transports and angular momentum exchanges 
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Fig. 1. Geophysical fluid processes that involve large-scale mass transports and produce variations 
in Earth's rotation, gravity field, and geocenter. 

within the Earth system at periods ranging from 
subdaily to 18.6 years. Earth tides, ocean tides, 
and atmospheric tides all contribute to geody­
namic variations, and all are readily observable 
with modern techniques.The Earth's body tide 
is responsible for large length-of-day variations 
at monthly and fortnightly periods; the ocean 
tides are the dominant cause of diurnal and 
semidiurnal variations in both rotational rate 
and polar motion.The geodetic measurements 
are stimulating improvements to all fluid and 
solid tidal models. 

Redistribution of water mass stored on the 
continents occurs on a variety of time scales. 
Seasonal and shorter time scales involve precip­
itation, evaporation, and runoff, with storage of 
water in lakes,streams,soil, and biomass.Over 
longer time scales, storage variations in ice 
sheets and glaciers signal climate changes, 
while ground water storage changes take place 
in deeper aquifers. Some of these hydrological 
processes are fundamentally regulated by vege­
tation, but all are ultimately exchanged with and 
hence reflected in atmospheric water content 
and sea level in an intricate budget.Water mass 
redistribution involving these various reservoirs 
and mechanisms has been shown to have 
observable effects on Earth rotation, geocenter, 
and gravity field changes. However, the variety of 
transport mechanisms and storage reservoirs 
makes the task of globally monitoring water 
storage on land extremely challenging. Indeed, 
this is considered to be a first-order problem for 
the climate community and is being pursued at 
every major climate research center. 

Accounting for 68% of the total mass and 
89% of the moment of inertia of the entire 
Earth, the solid, but non-rigid, mantle is perpet­
ually in motion as well. Some motions are 
caused by external forces, including tidal 
deformation, atmospheric and oceanic 
loading, and occasional meteorite impacts. 
For internal processes, volcanic eruptions and 
pre-seismic,coseismic,and post-seismic dislo­

cations associated with an earthquake act on 
short time scales. On longer time scales, pres­
ent-day post-glacial rebound,surface processes 
of soil erosion and deposition, and tectonic 
activity such as plate motion, orogeny, and 
internal mantle convection all transport large 
masses over long distances. Finally, the entire 
solid Earth undergoes an equilibrium adjust­
ment in response to the secular slowing down 
of the Earth's spin due to tidal friction. 

Deeper in the solid Earth, the fluid outer 
core is constantly turning and churning in 
association with the geodynamo's genera­
tion of the magnetic field.The variation of 
the core angular momentum can evidently 
be inferred from surface observations of the 
geomagnetic field or modeled by physical 
hypotheses and the equations of motion that 
drive and govern the geodynamo and hence 
the core flow.This core angular momentum 
has been compared to the observed varia­
tions of the length-of-day at decadal time 
scales, while torques at the core-mantle and 
inner core boundaries have been evaluated. 
The recent seismological finding of a differen­
tial rotation of the solid inner core is also 
under evaluation in this context. 

In this sense, the entire Earth system consists 
of several geophysical fluid components.Vari-
ous types of torques acting on the boundaries 
between the geophysical fluids exchange 
angular momentum among the fluids, thus 
exciting Earth rotational variations.These 
torques include ( i ) frictional torque, in the 
form of wind stress over land and ocean sur­
faces, ocean bottom drag, and viscous stress 
at the core-mantle and inner core boundaries; 
( i i ) pressure torque acting across topography 
that exists between atmosphere-land, ocean-
land, and core-mantle boundaries; (i i i) gravi­
tational torque acting on density anomalies at 
distance; and (iv) magnetic torque generated 
by the geodynamo that acts on the core-man­
tle and inner core boundaries. 

In addition, subtler interactions exist among 
the geophysical fluid components that would 
modify the Earth's response. Notable examples 
include mantle elastic/inelastic yielding under 
surface loading, the ocean's inverted-barometer 
behavior (or the departure from it), and the 
extent of coupling at the core-mantle and 
inner core boundaries.They are, in general, 
functions of the time scale under which the 
effect in question applies. 

GGFC Organization and Functions 

Philosophically, the GGFC provides a link 
between two user communities. On the one 
hand is the geodetic measurement communi­
ty, who wants to better understand their meas­
urements, to further develop measurement 
requirements and strategies, and to be able to 
better predict and quantify the variabilities. 
On the other hand, the geophysical modelers 
want to interpret the geodetic measurements 
in terms of various geophysical processes 
based on models and/or observations. They 
may want to better model the geophysical 
fluid processes by utilizing the independent 
information and constraints provided by the 
space geodetic measurements and infer 
Earth's properties by examining its dynamic 
responses and behavior. 

Established in January 1,1998, of the IERS's 
10th anniversary, the GGFC is coordinated 
from NASA Goddard Space Flight Center's 
Laboratory for Terrestrial Physics. The GGFC 
is responsible for promoting related science 
and outreach activities, including collective 
publications, dedicated symposia and 
special sessions at professional meetings, 
and assistance in coordinating and support­
ing various international projects and obser­
vational campaigns. The actual functions of 
the GGFC reside in its seven Special Bureaus 
(SBs) that were also established in 1998. 
Each SB is responsible for activities related 
to a certain fluid component or aspect of the 
Earth system.The primary functions of the 
SBs are data and information acquisition, 
archiving, and dissemination; intercompari-
son and assessment of data products; recom­
mending conventions and standards; and 
providing a forum for professional exchanges 
and discussions. 

Building on three decades of development 
and advances, modern space geodesy has 
matured and become an effective tool for 
remote sensing of a variety of global geophys­
ical processes. At the heart of it is the unique 
capability of remote sensing of global mass 
transports that constantly occur in all parts of 
geophysical flu ids. The IERS's GGFC and its 
SBs are well situated to support and provide 
services to the research community in this 
new interdisciplinary field. 

Individual SB Web sites have been developed 
as the major mechanism for data dissemination 
and communication.The GGFC coordinating 
center has a portal Web site at http://bowie.gsfc. 
nasa.gov/ggfc/. The SB Web sites are: 

• Atmosphere: http://www.aer.com/groups/ 
diag/sb.html 

• Oceans: http://euler.jpl.nasa.gov/sbo/ 

http://bowie.gsfc
http://nasa.gov/ggfc/
http://www.aer.com/groups/
http://euler.jpl.nasa.gov/sbo/
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• Hydrology: http://wwv.csr.utexas.edu/ 
research/ggfc/ 

• Tides: http://bowie.gsfc.nasa.gov/ggfc/ 
tides/index.html 

• Mantle: http://bowie.gsfc.nasa.gov/ggfc/ 
mantle.html 

• Core: http://wwwastro.oma.be/SBC/ main.html 
• Gravity/Geocenter: (under construction) 
Two mirror Web sites have also been estab­

lished to enable easier access from different 
parts of the world: http://ggfc.u-strasbg.fr at 
Strasburg, France (courtesy of PGegout),and 
http://www.miz.nao.ac.jp at Mizusawa, Japan 
(courtesy of YTamura). 
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Decadal Survey Lays Out 
Ambitious U.S. Astronomy Research Goals 
PAGES 245-246 

Building on four previous decadal surveys of 
ground- and space-based astronomy a new 
report by the Astronomy and Astrophysics Sur­
vey Committee of the U.S. National Research 
Council (NRC) reaches for the stars in both its 
ambition and funding recommendations. 

The report, issued on May 19, calls for $4.7 
billion in federal funding for new investments 
in astronomy and astrophysics for the decade 
of 2000-2010. Leading the priority and cost list 
is a request for $1 billion in federal funding 
for the development of the Next Generation 
Space Telescope (NGST), which Survey Com­
mittee Co-Chair Christopher McKee of the 
University of California called a "worthy suc­
cessor" to the Hubble Space Telescope. 

The survey's total federal funding request rep­
resents a more than 20% increase above the 
$3.9 billion cost, in inflation-adjusted dollars, 
of the recommendations of the 1990-2000 
decadal survey Congress and federal agencies 
used that earlier survey—commonly known as 
the Bahcall report, after its chairman John 
Bahcall—as a guidepost for priority programs. 
Bahcall estimated that the survey has had bet­
ter than a 95% success rate, in terms of funding. 

While the survey committee's charge does not 
include in situ studies of the Earth and planets 
in our solar system—which other NRC reports 
cover—the new report reads like an interstellar 
laundry list of impressive goals and programs. 

"For the twenty-first century," the report 
states,"our long-term goal is to develop a com­
prehensive understanding of the formation, 
evolution, and destiny of the universe and its 
constituent galaxies, stars, and planets, includ­
ing the Milky Way, the Sun, and the Earth." 

For the coming decade, the report continues, 
five particular areas in astronomy research are 
ripe for progress: determining the large-scale 
properties of the universe; studying the dawn of 

the modern universe; understanding the forma­
tion and evolution of black holes of all sizes; 
studying the formation of stars and their plane­
tary systems, and the birth and evolution of giant 
and terrestrial planets; and understanding how 
the astronomical environment affects Earth. 

A Broad List of Priorities 

The committee divided its prioritized, ground 
and space equipment initiatives into categories 
for major, moderate, and small initiatives. Major 
initiatives, which subtotal $2.76 billion in esti­
mated U.S. federal costs for the decade, include: 

• NGST, an 8-m infrared space telescope, 
which is designed to detect light from the first 
stars that were formed, trace the evolution of 
galaxies, and help increase understanding of 
the birth of stars and planets in our galaxy; 

• Giant Segmented-Mirror Telescope 
(GSMT),the top priority for ground-based 
astronomy, with a federal cost of $350 million, 
is a complement to NGST, and could help to 
trace the evolution of galaxies and the forma­
tion of stars and planets; 

• Constellation-X Observatory, four powerful 
space-based telescopes that would study 
the formation and evolution of black holes 
($800 million); 

• Expanded Very Large Array (EVLA), which 
would exponentially increase the capability 
of the Very Large Array (VLA) centimeter-wave 
radio telescope, and allow for the study of the 
formation of protoplanetary disks and the ear­
liest stages of galaxy formation ($140 million); 

• Large-aperture Synoptic Survey Telescope 
(LSST), designed to catalog 90% of near-Earth 
objects larger than 300 m in diameter and 
determine their threat to Earth ($170 million); 

•Terrestrial Planet Finder (TPF),a free-flying 
infrared interferometer which would study 
terrestrial planets around nearby stars, and 
which McKee called "the most technically ambi­

tious science mission NASA has ever attempted" 
($200 million during the current decade); 

• Single-Aperture Far InfraRed (SAFIR) Obser­
vatory an 8-m, space-based instrument that 
would study regions of space either too ensh­
rouded by dust or too warm for other instru­
ments to study them effectively ($100 million). 

Initiatives categorized as moderate add up 
to $1.6 billion for the decade, though the high­
est priority in this category is the modestly 
priced, $50 million Telescope System Instru­
mentation Program (TSIP).The program 
would provide funding from the National 
Science Foundation (NSF) to develop new 
instrumentation for private observatories with 
optical and infrared telescopes in the United 
States.The program also would require the 
facilities to provide observation time for the 
entire astronomical community 

Other moderate-cost initiatives include the 
Gamma-ray Large Area Space Telescope, or 
GLAST ($300 million); Laser Interferometer 
Space Antenna, or LISA ($250 million); 
Advanced Solar Telescope, or AST, which 
would be the largest optical telescope ever 
designed to study the Sun ($60 million); 
Square Kilometer Array (SKA) technology 
development ($22 million); Solar Dynamics 
Observer, or SDO ($300 million); Combined 
Array for Research in Millimeter-wave Astrono­
my, or CARMA ($11 million); Energetic X-ray 
Imaging Survey Telescope, or EXIST ($150 mil-
lion);Very Energetic Radiation Imaging Tele­
scope Array System, or VERITAS ($35 million); 
Advanced Radio Interferometry between 
Space and Earth, or ARISE ($350 million); Fre­
quency Agile Solar Radiotelescope, or FASR 
($26 million); and South Pole Submillimeter 
Telescope, or SPST ($50 million). 

Among the recommended small initiatives, 
which together total $306 million for the 
decade, the only specifically prioritized project 
is the National Virtual Observatory This project, 
at a federal cost of $60 million, could integrate 
all of the major astronomical data archives into 
a digital database stored on a network of com­
puters and allow professional astronomers, as 

http://wwv.csr.utexas.edu/
http://bowie.gsfc.nasa.gov/ggfc/
http://bowie.gsfc.nasa.gov/ggfc/
http://wwwastro.oma.be/SBC/
http://ggfc.u-strasbg.fr
http://www.miz.nao.ac.jp
mailto:chao@bowie.gsfc.nasa.gov
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