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doubling of mean 20th-century loss 
rates (Haeberli et al. 1999, Fig. 3).

Critical points associated with 
this analysis include: (1) the choice 
of the starting/end point for the 
calculation/comparison (the model 
with the 50-year time interval obvi-
ously fi ts the curve better) and (2) 
the delay in the onset of terminus 
reaction to mass balance forcing 
(a few decades in the case of the 
Great Aletsch Glacier). The fi rst 
effect means that an optimal fi t 
has still to be found and the latter 
phenomenon indicates that today’s 
terminus position of the large gla-
cier refl ects climatic conditions 
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The Mediterranean area acts as a 
boundary zone between humid and 
desert zones and is highly sensitive 
to variations in climate and environ-
ment. Indeed, shifts in the climate 
bands towards north or south by 
only a few degrees of latitude may 
result in dramatic changes in soil 
surface conditions. This may cause, 
for example, desertifi cation in areas 
that previously had a humid climate 
or vice versa.

Multidisciplinary geoenviron-
mental research was carried out to 
shed light on the climatic signifi -
cance of different sediment types 
that have accumulated over the 
last 2500 years (Fig. 1), located at 
various latitudes and in geographi-
cal areas with different morphocli-
matic conditions (Ortolani et al., 
1991; Ortolani and Pagliuca, 1993, 
1994, 2001). The sediments, which 
cover many archaeological sites, 
were not affected by human impact 
between the Archaic Period and the 
Middle Ages.

In the Mediterranean area, the 
presence of wind-borne sand in 
coastal dunes (Als, Fig 1) is the 
most signifi cant geoenvironmen-
tal indicator linked to warm-arid 
climatic conditions. Under condi-
tions of heightened aridity (rain-
fall lower than 200 mm, typical of 

desert areas), wind-borne coastal 
sand may even invade areas a 
considerable distance from the 
sea, forming wind-borne accumu-
lations that cause the vegetation 

cover to disappear. This has been 
widely shown in the literature and 
verifi ed by direct research (Ortolani 
and Pagliuca, 2001).
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Fig. 1: Mediterranean Area Geoarchaeological Stratigraphy and Geonvironmental-Climatic 
Evolution (2500 BP-Present Day).

around the 1970s or so. In view of 
the rapid warming during the past 
two decades, it is highly probable 
that the glacier tongue would have 
to be hundreds of meters shorter 
than now in order to adjust to 
conditions around the year 2000. 
The previous minimum extent of 
Roman times may, therefore, soon 
be markedly exceeded.

REFERENCES
Haeberli, W., Barry, R. and Cihlar, J., 2000: Glacier 

monitoring within the Global Climate Observing 
System. Annals of Glaciology, 31, 241 - 246.

Haeberli, W., Frauenfelder, R., Hoelzle, M. and 
Maisch, M., 1999: On rates and acceleration 

trends of global glacier mass changes. Geografi ska 
Annaler, 81A, 585 - 591.

Hoelzle, M., Haeberli, W., Dischl., M. and Peschke, 
W., 2003: Secular glacier mass balances derived 
from cumulative glacier length changes. Global 
and Planetary Change 36 (4), 77 – 89.

Holzhauser, H., 1997: Fluctuations of the Grosser 
Aletsch Glacier and the Gorner Glacier during 
the last 3200 years: new results. In: Frenzel, B. 
(Hrsg.): Glacier fl uctuations during the Holocene. 
Paläoklimaforschung/Palaeoclimate Research 
24, 35-58. Special Issue: ESF Project European 
Palaeoclimate and Man 16. Gustav Fischer Verlag 
Stuttgart, Jena, Lübeck, Ulm.

Holzhauser, H. and Zumbühl, H. J., 1999: Glacier 
fl uctuations in the Western Swiss and French Alps 
in the 16th century. In: Pfi ster, C. / Brázdil, R. (eds.): 
Climatic Variability in Sixteenth-Century Europe 
and Its Social Dimension. Climatic Change 43, 223 
- 237.

PAGES NEWS, VOL.11, N°1, APRIL 2003



16 Science Highlights 17Science Highlights

The most typical sediment 
characterising wetlands consists 
of soil that allows the development 
of vegetation and which differs ac-
cording to latitude, local climatic 
and morphological conditions, and 
substrate lithology (Ortolani and 
Pagliuca, 2001). The vegetation oc-
curs both on the surface of coastal 
sand dunes, which are thus stabi-
lised, and on the alluvial sediments 
of the plains and altered substrate 
of the rocks of hill and mountain 
slopes.

The most signifi cant sediments 
found in Mediterranean coastal 
dune zones in which severe cli-
matic and environmental changes 
have occurred in the past consist of 
buried soils within layers of wind-
borne sand (As, Fig 1). The presence 
of buried soils indicates that precip-
itation increased appreciably for a 
suffi ciently long period of time to 

allow soil formation. Hence, there 
was a change in climatic conditions 
from desert to humid. Sediments 
indicating considerable climatic 
changes in currently humid areas 
include wind-borne sand (As, Fig. 
1) and alluvial deposits of consid-
erable thickness that cover areas 
where human impact has occurred 
(Als, Fig. 1). The presence of wind-
borne sand indicates that rainfall 
decreased sharply until desertifi ca-
tion (rainfall below 200 mm) result-
ed (Ortolani and Pagliuca, 2001).

During the peak of warm-arid cli-
matic changes, “greenhouse effect” 
environmental conditions similar to 
those expected in the near future 
were established (Figs. 1 and 2). 
During the transition periods from 
humid to warm-arid and at the 
beginning of cold-humid climatic 
variations, other signifi cant geoen-
vironmental variations (hydrologic 

(HI) and geomorphological (GI) in-
stability) occurred concurrently with 
the marked increase in rainfall that 
took place after warm periods (fi g-
ures 1 and 2).

During periods in which the 
temperature increased by 1-2 °C, 
coastal zones were affected by 
desertifi cation up to about latitude 
42° N (Fig. 1). During temperature 
decreases, the areas of alluvial 
plains subject to human impact 
and settlements were affected by 
an accumulation of huge volumes 
of sediments. This resulted in ag-
gradation and progradation of the 
coastlines in the northern part of 
the Mediterranean, while soil for-
mation occurred on the surface of 
the coastal dunes in the southern 
and northern parts (Fig. 1).

The main result achieved 
through geoarchaeological research 
is the identifi cation of cyclicity (peri-
od of about 1000 years) of the major 
climate and environmental changes 
that have resulted in 100- to 200-
year environmental crises (Fig. 1). 
Paleoenvironmental, paleoclimatic 
and geoarchaeological data show 
that the Mediterranean area was 
chiefl y affected by environmental 
conditions similar to those of the 
present day (Figs. 1 and 2) (Ortolani 
and Pagliuca, 2001).

There is clearly a close correla-
tion between climatic and environ-
mental changes and solar activity. 
Prolonged solar activity maxima 
coincide with warm “greenhouse 
effect” periods and repeated solar 
activity minima coincide with cold 
periods, such as the Little Ice Ages 
(Figs. 1 and 2a, b). The history of 
mankind and the environment in 
the last few millennia highlights 
progressive, cyclical climatic and 
environmental changes that con-
sistently occur in multicentennial 
periods (Figs. 1 and 2a).

Using instrumental data and 
those obtained from natural ar-
chives, we propose a climatic re-
construction of the past 2500 years 
(Fig. 2c). Variations in rainfall are 
expressed as percentages of cur-
rent values.

A valid frame of reference for 
assessing and quantifying the 
changes that will occur at different 
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latitudes during the Greenhouse 
Effect of the Third Millennium is 
provided by: (1) climatic and en-
vironmental data relating to the 
Warm Medieval Period in the Medi-
terranean area; (2) results achieved 
from research into geoenvironmen-
tal changes linked to historical cli-
matic variations, especially those of 
the last few centuries, and; (3) vari-
ous multidisciplinary data obtained 
from research conducted in various 
parts of the world (Fig. 2).

Instrumental data chiefl y con-
cerning the last 150 years in the 
Mediterranean show a consistently 
close correlation between envi-
ronmental variations (increase in 
solar activity and temperature and 
changes in the quality and quantity 
of rainfall) and the period of transi-
tion from the cold-humid climatic 
conditions of the Little Ice Age to 
those that may probably charac-
terise the Warm Period of the Third 
Millennium (Greenhouse Effect of 
the Third Millennium).

If cyclical climatic variation as 
occurred in the past will continue, it 

might result in new environmental 
conditions along the belts border-
ing the current climatic zones. In 
particular, a large part of the areas 
that are currently subtropical des-
erts might be transformed into hu-
mid areas. These conditions may be 
at times better and at times worse 
than those of the Little Ice Age.

This speculated shift in Medi-
terranean climatic conditions a few 
degrees to the north would cause 
an appreciable change in rainfall 
in central-northern Europe. Since 
the 18th century, this area has been 
characterised by an almost homo-
geneous distribution of rainfall 
over the year and consequently, 
a constant river water regime. 
Mediterranean-type rainfall could 
probably increasingly affect this 
area in the near future. This season-
alisation of rainfall would result in 
an increased frequency of bankful 
fl ow conditions. Ongoing millennial 
climatic cyclicity (Fig. 2) forecasts 
that river valleys will be affected 
by repeated catastrophic fl ooding. 
Given that these valleys were ur-

banised on the basis of a constant 
river water regime, serious damage 
to the consolidated socio-economic 
organisation of central-northern Eu-
rope would therefore result.
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Climate modeling studies predict 
that anthropogenic increases in 
greenhouse-gas concentrations 
will possibly cause a weakening or 
even a shut-down of the meridional 
overturning circulation in the Atlan-
tic (thermohaline circulation, THC), 
through global warming and an in-
tensifi cation of the hydrological cy-
cle (Cubasch et al., 2001). Therefore 
it is essential to monitor the Atlantic 
THC, preferably on a permanent 
basis. Present fi eld observations of 
the THC, however, are insuffi cient 
to detect whether its strength is 
changing. Climate models exhibit 
pronounced and rapid warming 
of the tropical intermediate-depth 
Atlantic Ocean in consequence of 
a THC slowdown, suggesting that 
mid-depth Atlantic temperatures 
may serve as an indicator of THC 

change. Applying different forc-
ings to an ocean general circulation 
model, representing present-day 
and glacial climates, we show that 
this mid-depth water response is 
a robust feature in both climatic 
situations (Fig. 1). Given that dra-
matic changes of the THC occurred 
during the last deglaciation, the 
reconstruction of Atlantic inter-
mediate-depth temperatures from 
sediment cores provides an oppor-
tunity to evaluate the reliability of 
the model simulations and the suit-
ability of tropical mid-depth Atlantic 
temperature change as a tracer of 
THC strength. For this purpose we 
studied two sediment cores recov-
ered from high accumulation areas, 
southeast of the island of Grenada 
(M35003-4; 12°05’ N, 61°15’ W; 1299 
m water depth) and off the coast of 

Angola (ODP 1078C; 11°55’ S, 13°24’ 
E; 426 m water depth). Site M35003 
is located in the transition zone be-
tween Antarctic Intermediate Water 
and Upper North Atlantic Deep Wa-
ter while ODP Site 1078C is situated 
within the South Atlantic Central 
Water. In order to reconstruct inter-
mediate-depth temperatures for the 
last deglaciation we measured the 
oxygen isotope composition of the 
endobenthic foraminifer Bolivina 
dilatata along ODP core 1078C with dilatata along ODP core 1078C with dilatata
an average temporal resolution of 
65 years for the time interval 24,000 
to 8,000 calendar years before pres-
ent (24 - 8 cal. kyr BP). The δ18O 
record of the benthic foraminifera 
Cibicidoides wuellerstorfi  for the Cibicidoides wuellerstorfi  for the Cibicidoides wuellerstorfi 
Caribbean core M35003-4 (Hüls, 
2000) has an average resolution of 
330 years.
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