
to bring down the largest single cost associated
with tapping geothermal heat,and conducting
resource assessments of geothermal potential
in the U.S.

While the U.S. Geological Survey conducted
an assessment of national geothermal resources
in the 1970s, the project ran short of funding,
according to Karl Gawell, president of the
Geothermal Energy Association. Gawell said
the assessment also did not look at some states,
and ignored medium temperature resources
below 100°C.He noted that the understanding
of geology and the ability to identify geothermal
resources has advanced significantly since
the USGS assessment.

A fiscal year 2003 request to fund a geothermal
assessment of the Great Basin region of the

western U.S. did not receive congressional
approval, but Jelacic said he hopes funding
will be forthcoming for fiscal year 2004.

In addition to an updated assessment,Hulen
said that promising research areas to expand
economically viable locations include devel-
oping new chemical tracers to monitor fluid
flow, understanding the three-dimensional
nature of the resource, and investigating
whether minor concentrations of some
elements—such as hematite—could be clues 
of the presence of geothermal reservoirs.

Gawell urged revisions in the Geothermal
Steam Act of 1970 to provide incentives to
produce geothermal energy.And he said that
the current production tax credit of 1.8 cents
per kilowatt hour for new production for

wind facilities should also be made available
for geothermal energy.Two bills in Congress
(Senate bill 597 and House bill 991) would
expand production tax credits.

Currently, the U.S. produces 2,800 megawatts
of electricity annually from geothermal energy;
the global figure is 8,000 megawatts. Gawell
said that enhanced technologies could increase
these figures to about 19,000 megawatts and
138,000 megawatts, respectively.

—RANDY SHOWSTACK, Staff Writer

The expected response of the Earth’s cryo-
sphere to global warming is a critical open
research area in which model certainty is still
unsatisfactory.On the other hand,past climate
history can teach us quite a bit. If one had
returned from a vacation to find that the
freezer door was left partially open and ice
had collected in it, one would have learned
an important climate lesson: ice does not
form when conditions are merely cold, but
when there is a supply of warm, moist air to 
a sufficiently cold environment.

While it is good practice to close one’s freezer
door and not experience this climate lesson
personally, numerous observations and model
results demonstrate that the large ice sheets
that developed during past ice ages grew
when the climate was relatively warm, and
therefore moist. One must conclude that state-
ments such as “...glaciers grow when climate
is cold,not warm and moist”[Rahmstorf, 2002]
contradicts a large body of scientific evidence,
observations,and dynamical arguments.We now
understand that the ocean also plays an
important role in this feedback due to the
role of sea ice in glacial dynamics.

Climate warming leads to an increase in both
evaporation (and hence, precipitation) and
ablation, and the fate of an ice sheet or a gla-
cier is determined by the competition between
the two.The last major climatic shift was the

recent termination from the Last Glacial Maxi-
mum (LGM; namely, the peak of the ice age,
some 18,000 years ago) to the current inter-
glacial period. Now, although temperatures at
the LGM were at a global minimum and low
everywhere,and ice sheets were so extensive
that variations in local insolation were muted
by the ice albedo effect, glaciers still started
to disintegrate and withdraw, leading us to the
present, almost ice-free climate.

Similarly, the ice sheets started to grow at
the end of the last interglacial period (about
115,000 years ago), when the climate was still
relatively warm [Miller and de Vernal, 1992;
Kukla et al., 2002; McManus et al., 2002].These
two examples are explained by the observa-
tion that the rate of snow accumulation over
land glaciers increases with temperature and
outweighs the corresponding increase in
ablation and melting.This observation, which
clearly contradicts the above statement, has
been termed the “temperature-precipitation
feedback”[Le-Treut and Ghil, 1983].

Indeed, ice cores from Greenland and
Antarctica document a dramatic increase in
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Honors
RRaayymmoonndd  HHiiddee has received the 2003 Symons

Gold Medal of the Royal Meteorological Society
in the United Kingdom for “distinguished work
in connection with meteorological science.”
His wide-ranging research includes a variety
of experimental and theoretical investigations
of basic non-linear dynamic and magnetohy-
drodynamic processes in spinning fluids;
and related studies of motions in the Earth’s
atmosphere, oceans, and liquid metallic core;
and also in the atmospheres and internal fluid
regions of other planets. Hide became an
honorary fellow of the Royal Meteorological
Society in 1989; he served as president from
1974 to 1974; and delivered the 1970 Symons
Lecture. He has served as president of the
European Geophysical Society (1982–1984)
and the Royal Astronomical Society (1983–1985).
He was also AGU’s Bowie Medalist in 1997.

Hide is senior research investigator in the
Department of Mathematics, Imperial College

London, and Emeritus Professor of Physics at
the University of Oxford, U.K. He is an AGU
Fellow (Geomagnetism and Paleomagnetism)
who joined in 1962.

WWiilllliiaamm  RR..  WWaarrdd has received the 2004 Dirk
Brouwer Award, presented by the Division on
Dynamical Astronomy of the American Astro-
nomical Society.The award recognizes
outstanding lifetime achievements in the field
of dynamical astronomy, including celestial
mechanics, astrometry, geophysics, stellar sys-
tems,and galactic and extra-galactic dynamics.
Ward was recognized for his many contribu-
tions to the field of dynamical astronomy. He
is especially known for discovering numerous
aspects of the complex and subtle dynamical
interaction between planetary embryos and
gaseous and particle disks, for helping to give
birth to the giant impact theory of lunar for-
mation, and for discovering the shifts in Mars’s
polar axis that drive strong climate variation
over time.The award is named in honor of
Dirk Brouwer,who taught a generation of celes-
tial mechanicians and authored Methods of
Celestial Mechanics.

Ward is an institute scientist in the Space
Studies Department at Southwest Research
Institute, Boulder, Colorado. He has been an
AGU member (Planetology) since 1973.

KKllaauuss  WWyyrrttkkii will be presented this summer
with the second IAPSO Albert I Medal in
recognition of a lifetime of outstanding
research.The award of the IAPSO recognizes
Wyrtki for his pioneering research in the
large-scale physical oceanography of the 
tropical ocean—the exploration of the upper
hydrospheric structure and current system of
Indonesia and southeast Asian waters; synthesis
of the physical oceanography of the Indian
Ocean; discovery of the Eastward Equatorial
jet, or “Wyrtki jet” in the Indian Ocean; and,
most important, his breakthrough research 
in the Pacific Ocean that has led to the under-
standing of the El Niño phenomenon.

Prince Ranier of Monaco created the IAPSO
Albert I Medal, which is presented biannually
to acknowledge particularly distinguished
contributions in the physical sciences of the
oceans.

Wyrtki is a professor at the University of
Hawaii, Honolulu. He is an AGU Fellow
(Ocean Sciences) who joined in 1963.
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snow accumulation rates during warmer periods
[e.g.,Cuffey and Clow,1997; van der Veen,2002;
Alley et al.,1993;Lorius et al.,1979].Furthermore,
numerous modeling studies of the response
of Antarctica and Greenland to greenhouse
warming (see van der Veen [2002] and
references therein) suggest that the increased
accumulation may dominate the increase in
ablation under small to moderate anthropogenic
global warming.That glaciers grow during
warm periods is also indicated; for example,
by the fact that the Columbia Ice Field in the
Canadian Rockies was considerably smaller
during the early to mid-Holocene,as indicated
from tree fragments that grew 8000 years ago
on the valley floor now occupied by the mas-
sive glacier [Luckman, 1988].

In addition to being based on observations,
the temperature-precipitation feedback is also
supported by several basic dynamical arguments.
First, the rate of evaporation, and thus, the
strength of the hydrological cycle increase
exponentially with temperature [van der Veen,
2002] (due to the Clausius-Clapeyron relation).
Second, much of the precipitation on north-
ern hemisphere land glaciers comes locally
from the Norwegian, Greenland, and Arctic
seas [Charles et al., 1994; Lambeck et al., 2002].
In a colder climate,extensive sea ice cover
effectively insulates the ocean from the atmos-
phere and reduces the evaporation rate dra-
matically [Ruddiman and McIntyre, 1981;
Gildor and Tziperman, 2000]. Other factors,
such as atmospheric circulation changes
[Kapsner et al., 1995; van der Veen,2002],also
contribute to the observed temperature-precip-
itation feedback.An extensive sea ice cover,
even a winter-only cover as it seems to have
been during the LGM [Weinelt et al., 1996],
diverts moisture carrying winter storms away
from the ice sheets [Kapsner et al., 1995].The
resulting moisture-starved diet causes the gla-
ciers to withdraw.

The strong cooling albedo effect of the sea
ice, its insulation effect on local evaporation,
and its role in diverting the storm track lead
us to expect glaciers to shrink during cold
and dry periods that result from extensive 
sea ice covers [Gildor and Tziperman, 2000],
in contrast with the above statement.The idea
that sea ice plays a crucial role in glacial
dynamics is the basis of a recent theory for
the glacial cycles [Gildor and Tziperman,
2000], for the glacial-interglacial CO2 variations
[Gildor and Tziperman, 2001], and for the Mid-

Pleistocene climate transition that led to the
initiation of the 100-k.y.glacial cycles [Tziperman
and Gildor, 2003].

It is important not to confuse the globally
warm, strong hydrological cycle needed for
the growth of ice sheets with the issue of ice
age inception.The inception requires cold
conditions over land locally for a new winter
snow cover to survive through the next winter
and begin accumulating as a new ice sheet.
However, this clearly is a different issue from
that of the globally warm conditions required
for the glaciers to grow to their gigantic
dimensions at the glacial maxima.After the
initial development of the ice sheet, it modi-
fies its local climate by its albedo [Donn and
Ewing,1966; Lambeck et al., 2002],and thereby
guarantees that the snow cover will persist
from year to year.This can clearly happen
when the global climate is still relatively warm
and the hydrological cycle strong [Miller and
de Vernal, 1992; Lambeck et al., 2002; McManus
et al., 2002]. Clearly, a climate too warm—one
in which melting is dramatically enhanced or
in which most precipitation falls as rain—will
lead to melting of the ice sheets, and the tem-
perature precipitation feedback will no longer
work [Tziperman and Gildor,2003].

How warm climate can be while still allowing
the glaciers to grow is an unresolved issue
that needs to be examined in the context of
global warming research [Miller and de Vernal,
1992; Tziperman and Gildor, 2003; van der
Veen, 2002; Ye and Mather, 1997].
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