
precipitation...For most glaciers the increase in
precipitation needed to cancel the effect of a
1 K-warming is 30 to 40%.”

This strong temperature-change dominance
of glaciers allows rather confident reconstruction
of past temperatures from extent of land-ending
glaciers [e.g., Broecker and Denton, 1989;
Oerlemans, 1994].Although glacier extent can
respond to many environmental changes, gla-
ciers provide useful information on past tem-
peratures.

Changes in storm tracks or other aspects of
atmospheric circulation associated with such
phenomena as the North Atlantic Oscillation
can indeed cause snowfall changes to exceed
temperature effects locally, especially if the
changes act seasonally in the correct sense.
Thus, it is not too hard to find a few examples
of glaciers growing in a generally warming cli-
mate, as for some Norwegian glaciers recently
[e.g.,Oerlemans,2001; p.94].However, such
storm track shifts typically will nourish some
glaciers at the expense of others without major
effects on the average behavior; only in the
highly unlikely event that warming greatly
increased total cold-season moisture advection/
storminess across broad regions would one
expect glacier growth with warming across those
broad regions.

Certainly,warming is expected to cause growth
of any ice mass so cold that iceberg calving
dominates surface melting,as noted by Gildor
[2003]. In such situations,a small warming will
increase saturation vapor pressure and hence
snowfall rate if all other factors are unchanged,
but will not increase melting much if there is
not much melting.This is the idea underlying
the expected growth of the Antarctic ice sheet
in the short term in response to warming

[e.g., IPCC,2001].Even here,however, caution is
warranted.The shifts in accumulation recorded
in the central Greenland ice cores seem to
have involved atmospheric dynamics and not
just thermodynamics, and in some cases,
warming has produced decreased accumulation
[Kapsner et al., 1995; Cuffey and Clow, 1997].
Also, projected near-term Antarctic growth
assumes that marginal processes do not trigger
major dynamical instabilities [Alley and Bind-
schadler, 2001].

Thus, there are enough caveats and special
cases to keep the world’s glaciologists busy as
our ice melts away. But, for regions without
glaciers or with glaciers ending on land,cooling
typically favors ice,and warming favors melting,
and this behavior has occurred from the last
ice age through today,and probably over much
longer times.The future is likely to be less
congenial to a glaciologist than was the past,
and Gildor’s [2003] good wishes are unlikely
to change this.
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I share, of course, the concerns of Richard
Alley regarding the future of the Earth glaciers
under future global warming (and of the
glaciologists’ well-being).As mentioned in
Gildor [2003] and Tziperman and Gildor [2003],
we expect the temperature-precipitation feed-
back [Le-Treut and Ghil, 1983] to hold up to
some limit temperature. Obviously, ice sheets
need to have snow fall over them in order to
grow.At temperatures in which more and more
of the precipitation falls as rain instead of snow,
the actual accumulation over continental ice
sheets will decrease with increasing temperature.

Beyond that limit, warming will indeed lead
to a decrease in land ice volume, climate
warming, and to further ice melting. Further-
more, it is definitely known and agreed that
sufficiently high temperature would enhance
ablation via the softening of the ice and
increasing rate of ice flow, via melting the
base of the ice sheets, and via direct melting
effects. It would also enhance melting by
reduced sublimation (as a result of higher
specific humidity), which requires more heat
than melting [Hastenrath and Kruss, 1992].

However,how high the temperature is beyond
which the temperature precipitation feedback
stops working,is as yet unknown [Gildor,2003].
It should be noted, though, that the last and
other glaciation events during the past million
years or so started from temperatures as high
as (or higher than) at present [IPCC, 2001; p.
142].This indicates that glacial cycles operated
below the limit beyond which the temperature-
precipitation feedback stops.The source of
concern with respect to global warming lies
in the fact that CO22 concentration in the
atmosphere is much higher than experienced
by the Earth during many millions of years,
and this concentration might “push”the climate
system into a regime in which glaciers may
melt.At least some models suggest increased
snow accumulation under doubled CO22 [Ye
and Mather, 1997], and it seems fair to say that
“In the context of greenhouse-warming-induced
sea level change,uncertainties in model parameters
are sufficiently great to yield a range of pro-
jected contributions from Greenland and
Antarctica that encompass sea-level lowering
and rise in 2100 A.D.”[Van der veen, 2002; p.1].

While Alley and I share the concerns regarding
the response of the cryosphere to global warming,
and we agree that anything that affects accu-
mulation and ablation is important,we disagree

on the most important controlling factor: Is it
precipitation or temperature? Alley suggests
that typically, warming results in reduced ice
cover; not only in very warm climate, but also
within the colder temperature range that
characterized the climate system during pre-
vious glacial cycles. In part, he arrives at this
conclusion by observations of existing glaciers
which shrink at present. However, many of
these glaciers started to recess during the
19th century [Oerlemans, 2001; p. 94], long
before any evident warming trends [Lowell,
2000].At least in East Africa, the onset of this
recession is related to atmospheric circulation
changes and not to warming [Hastenrath,2001],
and the comment made by Stefan Hastenrath
that “Processes other than global warming
merit attention for the understanding of glacier
variations in lower latitudes”[Hastenrath,1994]
seems relevant for mid- and high-latitude gla-
ciers as well.The closest things to glacial ice
sheets that we presently have are the Antarctica
and Greenland ice sheets.The mass balance
for both of them is still uncertain [IPCC, 2001].

Alley’s comment also ignores the effect of
sea ice cover on evaporation and moisture
supply to high latitudes described in Gildor
[2003] and references therein.Donn and Ewing
[1966] stress the contrast between the existing
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ice sheets in Greenland and Antarctica and
colder areas like Siberia and northern Canada.
They relate the contrast to the availability of
moisture supply,with Greenland and Antarctica
fed by the relatively warmer open ocean areas
surrounding them; while northern Canada and
Siberia are deserts,because of the ice-covered
Arctic to the north and the large land areas to
the south.Similarly,Lambeck et al. [2002] wrote,
“Thus it is tempting to suggest that onset of a
glacial cycle after a prolonged interglacial
requires the break up of Arctic sea ice and
enhanced exposure of Arctic air to relatively
warm surface water.The accumulation of snow
and ice increases albedo at high latitudes,
which then feedback into the global climate
system.”

In addition, an extensive sea ice cover, such
as existed during glacial periods, may be
expected to change the atmospheric circulation,
and shift the moisture-carrying storm track
southward [Hall et al.,1996;Kapsner et al.,1995].
Interestingly, recent studies suggest that global
warming might result in a poleward shift of
the westerlies belt [Hartmann et al., 2000].

That warmer temperatures are required for
evaporating the precipitation needed for glacial
growth was recognized a long time ago.Thus,
Tyndall [1872; p.21] said,“It was supposed that
if the sun’s heat were diminished,greater glaciers
than those now existing would be produced.
But the lessening of the sun’s heat would

infallibly diminish the quantity of aqueous
vapour, and thus cut off the glaciers at their
source.”As seen from this correspondence,
over a century after Tyndall,we are still debating
about the principal cause of glacial cycles,
and the role of precipitation versus ablation.
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The study of earthquakes is one of the most
interesting and challenging problems in modern
geophysics.Understanding dynamics,mechanical
properties, chemistry, and other aspects of
earthquake phenomena is crucial for both
the scientific community and society at large.
As a consequence,the development of different
prediction techniques is of tremendous signif-
icance for many aspects of our life. Nonlinear
Dynamics of the Lithosphere and Earthquake
Prediction is a review of methods and techniques
developed by the group of V. I. Keilis-Borok
concerning intermediate-term predictions
based on premonitory seismicity patterns.The
book is well organized, clearly written, and
can be used as a reference for many concepts
and ideas in the field of mathematical prediction

of catastrophic events. It can also serve as a
“cookbook”for applying several prediction
algorithms developed by the authors.

The first chapter,“Fundamentals of Earthquake
Prediction: Four Paradigms,”by Keilis-Borok,
introduces the reader to the problem of earth-
quake prediction.Earthquakes are treated as
outcomes of highly nonlinear processes that
take place in the lithosphere, the Earth’s brittle
outer layer.The physical origin of complexity
is analyzed by treating the lithosphere as a
hierarchical dissipative complex system.The
general scheme of prediction, the evaluation
of prediction algorithms by error diagrams, the
classification of premonitory seismicity patterns,
and the link between earthquake prediction
and earthquake preparedness constitute main
topics of this chapter.

The second chapter,“Hierarchical Models of
Seismicity,”by M Shnirman and E.Blanter,studies
different static and dynamic hierarchical lattice
models.These models generate synthetic cat-
alogs of seismicity with properties similar to
those observed in nature. A simple static hier-
archical model with an inverse cascade is
analyzed along with its scaling properties and
their relation to the introduced heterogeneity.
Static models can be used to study stationary
effects in seismic or rupture processes. In con-
trast, dynamic hierarchical models describe

the temporal evolution of seismic processes.
A simple prediction algorithm is used to fore-
cast the occurrence of strong events in the
model. Finally, the authors introduce complex
hierarchical models,which incorporate hetero-
geneity and feedback relation, and allow one
to capture different seismic properties not
present in the simple dynamic model.

Chapter three,“Models of Dynamics of Block-
and-Fault Systems,”by A.Soloviev and A. Ismail-
Zadeh, reviews mechanical models of the
lithosphere structure.The results of numerical
modeling of block structure dynamics and
the possibilities of reconstructing the tectonic
driving forces from the spatial distribution of
seismicity are discussed.The model also
reproduces clustering of earthquakes and the
occurrence of large earthquakes, depending
on the fragmentation of media and on rota-
tion of blocks.Applications of the model to
several seismogenic zones on the Earth are
also given.This type of modeling produces
seismic catalogs that can be used to test dif-
ferent prediction schemes and techniques. It
can also help to reconstruct block motions
from observed distribution of epicenters of
earthquakes and other features of seismicity.
However, it does not answer the main question
concerning the origin of the seismic spatio-
temporal complexity; is it is a product of the
underlying geometry of faults, or intrinsic
dynamics of the system, or both?

In chapter four,“Earthquake Prediction,”by V.
Kossobokov and P.Shebalin, several prediction
algorithms are discussed and illustrated with
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