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Hasponses of Lakes to Climate Variability
JosE L. LozAn®, JosEF MERKT and HANS-JOACHIM PACHUR
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i, smireahictions of ness ol fivated plient species, wind emiieios of pestietder amd Aeavy metals. Te this parpen
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O\wlmn‘sm penods lukes have changed repeatedly
m their vislome and extend bevause af climalic
wmriabality. Lakes as well s nannmng waders [ rivers. streams)
s imporiant links in the bvdrodogieal eyele of the Earth
They ane impoctare witer neservoars and ofien coopomically
wigmificant, On the ome hund lakes are dependent 0o pracs-
pitation and draining and on the vther on evaporation.
Dhuring the kst e age low temperahume reduced evapomtion
sl i iy regeons e ragie ol peecipitarion t cvaporation
was shifted m favourof precipration, In rmid latstudes lakies
sl others mlbars! wikers were nol oc oaly slightly affecied
by froezing. For exomphe the Caspian Sea expancks] coler
s presetd bosindands 10 the norb-west and noh and was
Parbce b3 peedent sz, In b Lagitnde regions like Nonb
Afrca and Australia lakes und rvers existed which lave
completely doved aut loday probably due w0 o dsplacement
of the clime 2008,

The recomstruction of the regonal chmaie s possible
theoteh amalyes of lake seduments. Lakes as the lowest
et ina lanilscape onllect materials from erossan processes
it the pdjacent nress. They are therefore refinble srchives
of nramal and plam remains and precipimed mincrols that
rellect environmental changes caused by climate or
provoked by bnman-actiaty m the mecent past, The amall
lakes react therchy more quickly amid above all more
sensftively bsen the large akes which are buffered fhroagh
their erormious water valume, i s smald and relatively
deep lnkes there are deposits of annially Eaminated
sediments a5 in the Greenkand i0e core. They conlaim cxact
ety infommation dating beck many thsasands of years
stemming froen global sd regional climate changes, ash
from voleanic erupgions is well as tmices of humaon activites
fromm the Stone Ape 1o the Industrialisation, The later are
characterised b soud particles from the combustion of coal
vl il el by poesneickes iwad beay v imetals, Cilser inporiom
inibicatoes in the lake sediments are remaing of cultivated
plants, chamge in e vegetition e throagh frest e or
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erosion, sutrophicasion of the lake with the consaquences
il algae booms ok, [Cosee el 2l 1989, In e Tolbowing.
several nnportant nkes — Bemised by continenty - are
berictly descrbed in reference so their climatx: changes.

Africa

Thie Soabwien = tae Largest et OF the woekd today. However,
severnd investraations (SessTa o al, 1979, Pacin 1957)
have shaown that the climate of the Sahar has changed
pepestedly inthe past 25000 vears; from semi-arid tooond,
then enoee busid and ubisaely and climate, There were
laboes amel pvers wath an extensdve drainage sysiem i thi
Snhara dvring the moist climete perod. Thetr locuisns and
codrses can be revomstracied today through aer and satelhes
bnsages as well us with the help of sediment analysis (ses
Chapter 1100, The eastem Sahara was alwavs dryer thas
the wesstern purt. Becuuse of the fact that the rum froat came
pariecularly from the Ailantic and the amount of rin
decredsed from west wo cast, the east side had o dissd-
vasilage, Albso Use vegetation i the cast was nol os dense s
m the west apd the dry penids Beled kinger andd began
earfier. There is even o hyper<smd chimate widay. The
imyestigations from Pacion (98T}, Pacsar and Wisoe-
mank (1996] describe in detail tuwe beginning and
developrent in e eastem Sahiara fhoan the molst climate
period and i 1is subsequent dryness (see. Fig [1T)
Fresh and brackish water Inkes existed over severnd
thovsand vears. Rivers wene up o 200 km long: ihey staned
m the noorth and the east part of the Tihest ineuntains and
formed theveby sl kikes o fosed directly and the
Medsermancan region. Other novers ongmated in the south
al the Tibest moaneadns. They fed Lake Chad or Tivwed
siruth-wesderly and eonpéicd it the A, Sevonal kb
whose draining systemn fonrexd other lakes and several
widis (brovks subject 10 fooding dunng seasomal i)
were fonmd in Mesdob (volcanic mosmtains in the enssem
Salwirn]. Some of thise wadis were tibutanes of T Nile,
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1,14 Responses of Lakes to Climate Variability

Alsoin the Libyan and Nubian desert there were lakes
with local drainage systems. Bavsaurr (1991 dealt with
the development of lakes and rivers in north-castern Niger.
He ascertained that the character of adjacent lakes can be
very different. Lake Zoo Baba had fresh water and Lake
Dibella only about 70 km away contained brackish water
with a strong salinity variation. Baumuaver supposes, that
Lake Zoo Baba received more fresh water through a larger
groundwater system than Lake Dibella.

Pachur and WosneMann (1996) analysed the
sediments of former lakes in the Nubian desert and in the
Meidob-mountains, which are dry now. They reconstructed
the local climate through analysis of sediment cores and on
the basis of radiocarbon-dating ("C). The resulis obtained
from a lake which was approx. 1,100 m above sea level
showed that the sedimentation started about 10,000 years
BC. In contrast to this the sedimentation in lakes of lower
clevation began later at approx. 7,300 years BC. The
authors suppose that the moist climate first started in the
mountain region. The time difference probably correspon-
ded to the time necessary for the accumulation of
groundwater and the formation of a drainage system. The
same was observed in the region of the Tibesti-mountains.

Fig. 1.14-1 shows the results of a sediment core from a
former lake in the Meidob Mountains about 1,100 m above
sea level, The figure indicates the age of the analysed
material as well as some chemical substances contained
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Fig. 1.14-1: Radiocarbon dating and geochemical analysis of
asediment core (220 ¢m) from a lake in the Meidob mountains
{eastern Sahara) ( Based on Pacnur and Wosseans 1996),
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therein. A tephra-input could not be observed in the 0-130
cm stratum, There is also no evidence of eruptions in the
vicinity after 12,095 years BP. The 100-170 cm stratum
showed a high carbonate content. This section is charac-
terised predominantly by ostracods and diatoms with high
carbonate content. Geochemical facts indicated that it was
a freshwater lake with stabile hydrological conditions over
several thousands of years without large water level
fluctuations.

The quaternary Lake Chad which lay at the southern
border of the Sahara has a surface area between 10,000 and
20,000 km* today depending on the season. During the
moist climate approx. 4,000 years BP Lake Chad had a
surface area of about 400,000 km® and it was 3040 m
deeper than today (Sexvant and Servant 1980). It had
approx. the same size as the Caspian Sea today. Its earlier
size can be determined from recognisable shorelines and
the location of fossil fish.

Today there are salt lakes — especially in the Sahel and
northern Sudan — which are in danger of drying up. These
inland waters are very impdrtant for many water bird
species. [T'the water conditions in this region change due to
global warming, these species could be seriously affected.
Especially the migratory birds within Africa and from
outside Africa which depend on reeds are threatened.

For species like purple heron (Arlea prapurea), white
stork (Ciconia ciconia), sand martin (Riparia riparia) and
sedge warbler (Acrocephalus schoenobaenus) there is
evidence already that a connection exists between the
strength of a year-class and the ecological situation in the
Sahel and northern Sudan (see also Chapter 3.24),

America

The Great Salt Lake in northern Utah (USA) and the small
Sevier Lake and Utah Lake are reminants of the prehistoric
Bonneville Lake (Fig. 1.14-2, above). Analysis of
sediments indicates that the Bonneville Lake already
existed 25,000 years ago. Approx. 15,000 years ago it had
amaximum depth of over 300 m and covered about 50,000
km’. It was the largest freshwater lake in North America
and harboured an abundant flora and fauna. The Bonneville
Lake was 1,550 m above sea level and had a connection to
the Pacific through the Snake and Columbia rivers (V auGhy
1994),

Tuble |.14-1: Current jon composition in per cent for the Great
Salt Lake (GSL), the Dead Sea and ocean (Based on Vaucx
1994),

Sodium Chioride Sulphate Magnesium Calcinm) Stim

GsL 14.1 1.6 20 1. 0.02 |24.8
Dead Sea| 17.5 33 0.7 34 14 |263
Ocein 1.94 1.0 0.27 0.13 0.04 | 3.5
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CLIMATE AND ITS VartagiLrry 1

The Great Salt Lake is situated today at a height of
1,275 m (see Fig. [./4-2, lower right). The historic change
of the prehistoric lake was reconstructed through the
analysis of sediment cores at different places in the lake
basin, Different ashes from well-known volcanic eruptions
completed the radiocarbon-dating and the inforftiation from
oxypen isotope measures (Fig. [.14-2, lower lefi). Approx.
14,500 years ago the water level sank by 100 m within a
short time because of geomorphological changes at the
northern border of the lake (Oviarr 1997, Oviarr et al.
1994). At the end of the last ice age the climate of this
region changed involving a decline in precipitation and an
increase in evaporation. This led to the rapid reduction of
lake surface area and to the formation of the Great Salt
Lake. The name is derived from its size and high salt
content ( Tablel. 14-1). The brine compositions of the Great
Salt Lake, the Dead Sea and ocean are quite different.

The salt content of the Great Salt Lake is considerably
higher than in the ocean and a little lower than in the Dead
Sea. Sodium and chloride make up approx. 90% of its salts.
Because of the extremely high salt content only organisms
with a high salt tolerance like the brine shrimp, Artemia
salina, and the blue algae, Dunaliella salina and Dunaliella
viris, can flourish in the Great Salt Lake water. Furthermore
bacteria of the species Halobacterium and Halococcus can
be found there which are salt loving (halophyles) organisms
and require at least 12% sodium chloride for their growth,

The Great Salt Lake has no outflow. Despite inflow
through the Weber, Bear and Jordan rivers its water level
sank about 3 m from 1900 to 1982 because of intensive
evaporation and high water consumption (Fig. [.14-2¢). A
highway as well as a railroad were built through the middle
of the lake and small industries were set up during this
period. In the fall of 1982 the precipitation increased by
around 45% and the evaporation decreased simultaneously
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Fig. 1.14-2; Above: the prehistoric Lake Bonneville showing the position of the remnants lakes: Great Salt Lake, Sevier
Lake and Utah Lake. Lower lefi: Radiocarbon chronology of Lake Bonneville showing the changes ol its altitude (From
Oviare et al.1994). Lower right: Variation of the water level of the Great Salt Lake since 1840 (Based on Vauchy 1994),
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due to high cloud cover. In the following winters snow fall
was high. Thus the water level rose by almost 7 m and its
surface area expanded from 4.248 to 6,345 km?® with many
negative consequences in 1986. The state of Utah built
dams and a pumping station for US 8 71 million. Due to
climatic variation the lake level sank again later (Vavchx
1994},

Lake Titicaca in the arca of the Altiplano (region of
Peru and Bolivia) has a surface area of 8,448 km® with an
average depth of about 100 m. Consequently, it is the
largest lake of South America. With its altitude of 3,810 m
above sea level (a.s.1.) it is the highest navigable lake of the
world. The annual water inflow from the 25 tributaries
totals 8.25 km®. The mflow from the precipitation is 7.9
km’. Approx. 90% of this water is lost through evaporation
(Carmouze 1981). Less than 5% of its water input flows
out through the Desaguadero. Thus, Lake Titicaca can
almost be called a closed lake.

Due to the altitude of the lake solar radiation is rela-
tively intense. Its size and the low water temperatures (11—
14°C) allow a large heat storage during the warm months
{October-November). The heat is lost during the winter
months (June-July) and it causes mild winters in the region
(Carmouze 1983) and favours the growing of grains e.g.
barley and wheat.

The period after 1500 AD was very wet which could
be seen as a manifestation of the »Little Iee Age« in the
Aluplano. This led to a marked increase of the water inflow
and the lake level was approx. 35 m higher than today. It is
therefore probable that the lake extended to the vicinity of
the town Tiahuanaco at the beginning of colomalism
through Spain.

According 1o THomprson et al. (cit. in Kessier 1994 a
dry period began around 1720 and continued to 1860,
Kressier (1994) has undertaken a reconstruction of the
Titicaca water level for the time 1800-1984 using the
annual ice accumulation in the adjacent Quelecaya Glacier.
From 1915 water level measurements were taken regularly.

Kesseer's results agree quite well with these actual
measurements (Fig. [ 14-3). After the drastic fall of the
level at about 1860 a rise could be observed up until 1880,
From 1920 onwards the inflow increased and the water
level increased again. This water level has remained with
some variations until now (Fig. /. [4-3)

Asia

Caspian Sea and Aral Sea are the largest lakes of Asia,
They have very much in common with the Black Sea and
Azov Sea because of their origin and geological develop-
ments. Both these inland waters are remnanis of the Tethys
Sea of the Middle Miocene (see Fig. 1.14-9).

They were formed through the rise of land. From the
ton composition of their water the marine influence is still
recognisable today. The reduction of the initial salt content
in the Aral and Caspian Sea is the consequence of the inflow
of fresh water over many thousand years (Table [./4-2)
and since then the fauna in both lakes has developed
independently of each other. Through the natural reduction
of the salt content only a few species have survived. Today
they constitute living fossils. These relict forms are of great
importance for the reconstruction of the climate in this
region (Zexkevitod 1963). As will be explained later many
ceological changes have taken place in the Aral Sea since
1960.

With approx. 436,000 km* and a water volume of
around 77,000 km? the Caspian Sea is the world's largest
lake today. It has an average depth of 180 m, the southemn
part of the lake with an average depth of 325 m being the
deepest part. The Black Sea has an average depth of
1,271 m and is, therefore, much deeper. The average
Caspian Sea level with -27 m lies considerably below sea
level. Due to the pronounced north-south extent of the lake
(1,200 km) there are considerable differences in tempe-
rature, The northern part is shallow and freezes partially
during winter while in summer the surface water tempe-
rature rises to about 24 °C. In contrast the surface water
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Table I.14-2: Comparison of the ion composition of the water
m Black Seca, Caspian Se¢a, Aral Sea (up to 1960) and in the
ocean (aus ZeskeviTon 1963),

' Ocean Black Sea Caspian Sea Aral Sea

Salinity (%)

350 186 12.8 10.6
£aS0, 394 258 692 14.98
MgS0, 640 701 23.56 25.87
KCl 169 299 121 2.05
NaCl 7832 1972 62.15 56.07
MgCl, MgBr, 944 907 454 0.82
CaCO,,CO, 0.21 1.59 1.24 0.21
Sum 100.00  103.06 99.62 100.00

Table 1.14-3: Changes in the Aral Sea from 1960 till 1990
LAfter Govurey 1996),

Year  Water level Area Volume  Salinity
[mi] Jkm’] [km’] [o]
19610 533 67 G900 1 050 10.6
1965 52.5 63 900 1 030 10.5
1970 51.6 60 400 970 .1
1975 494 57 200 840 13.7
1980 46.2 52 500 670 16.5
1985 42.0 44 400 470 235
1990 390 38000 300 29.0
semperature in the southern part fluctuates between 9 °Cin
February and 27 °C in August,

Also the water level of the Caspian Sea undergoes
considerable changes over lime. According to GoLugEv
11996) the water level fluctuated berween -20 and -34 m
ance 600 BC. 90% of it is caused by changes in the inflow
trough the tributaries (GoryTsiv and Paniy, cit. in GoLusey
1996). Gowyrsiv (1993) indicated, that geological and
geodynamical factors might play only a minor role. From
1917 to 1925 it fell by about 70 cm and rose from 1925 to
1929 by around 60 cm. The greatest fall of about 180 ¢cm
was observed in the period 1929-1941. In the time from
1042 till 1977 the water level fell by about 130 em to-29.0
m again, The rise of the water level from 1978 to 1996 by
spprox. 250 em (to -26.5 m) was considerable. As a result
20,000 km* were flooded with serious negative conse-
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Fig. 1.14-3: Variation of the water level in the Caspian Sea
{Based on Gousey 1996 completed),
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quences. After the decline of the water levels to -27 m from
1996 to 1999 the sitation improved again (Stivareva el
al. 2000) (Fig. I.14-5). The average annual water inflow
from 1900 to 1985 was approx. 300 ko', of which the Volga
delivered approx. 75%. 40-50 km* are consumed annually
before the water reaches the lake. Without this removal the
water level of the lake would rise by about 150 em (Kuksa,
cit. in Gorusev 1996). The impact of the water level rise
on seitlements and infrastructures is especially strong
during storms at the flat coastal area of the Republic of
Kazakhstan. This inland water is of great economic
importance for the region. For example the fishing industry
achicves a total annual catch of approx., 400,000 1.

The Aral Sea — the fourth largest lake in the world —
is situated in the Central Asia desert (see Fig. 1.14-4). The
two most important tributanes are Amu Darya and Syr
Darya. The lake has no outflow and its water balance is
therefore determined essentially through evaporation and
water inflow. In 1960 its surface area was approx. 67.900
kn¥* with a water volume of about 1,090 km and a salt
content of around 10.6 g/liter (see Table 1.14-3). Due to
the enormous water consumption since 1960 the lake is
dramatically shrinking. The surface area is now less than
half its original size and its water volume has declined by
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Fig. 1.14-4; The Tethys Sea with
marine connection during the middle
Miocene (Based on ZHIzHCHENKO
(cit. in Zenkeviton 1963),
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about 73%. The salimity of the water has increased since
1960 to the point that only a few organisms are able to live
there. It 1s expected that the sea will probably no longer
exist by the year 2010 (Haxxax 2000).

The upstream diversions of the Amu Darya and Syr
Darya resulted in a significant reduction of the amount of
water reaching the lake from 55 billion m*/yr ta 1-5 billion
m*/yr. The diverted water is used mainly for irrigation of
extensive cotton plantations —approx. 7.4 million hectares.
Water is pumped sometimes excessively to the areas under
cultivation. Part of it flows back to the rivers. As a conse-
quence of evaporation the salt content rose in the drainage
area reducing crop yield. Over 1 million hectares of land
have became saline already and are now useless. The often
strong winds in the region carry the saline dust (an
estimated in 75-100 million t) over long distances mto
Uzbekistan and Turkmenistan causing many of the health
problems in the region.

Only 55-65% of the pumped water are used; lakes of
several 1,000 km® have emerged in the desert. A part of
this highly saline water returns to the river which, in
addition, 15 heavily contaminated through pesticides and
other agricultural chemicals, The peculiar fauna of the Aral
Sea is threatened dramatically. Many endemic species have
already lost their habitat. Fish species like the Aral Sturgeon
(Acipenser nudiveniris). the Asiatic Shovel Sturgeon
(Pseudoscaphivinynchus spp) and the Aral trout (Salmo trus-
ta aralensis) have practically disappeared (Kuice 1996),

Even if ¢climatic changes and land use alterations have
played a role in this development the main cause for the
shrinking of the Aral Sea is the immense water con-
sumption for agricultural purposes. The chances to find a
solution have worsened in consequence of the political
changes since 1991 (Paviovskaya 1995). Many million of
people depend on this agricultural project. First, land
degradation and over-watering must stop. Toachieve thisa
well founded, long-term strategy for an economically and
environmentally sustainable system is required.

Lake Baikal - like the large eastern Afnican lakes -
lies in a tectonic graben between two continental plates.
With a depth of over 1,700 m it is the deepest lake of the
Earth. This several million year old lake has not experien-
ced changes of area as spectacular as those of the Aral and
Caspian Seas. Because of its geological age and over 400
endemic species. it has very recently become an object of
international research from which important information
about the Siberian climate is expected.

The Dead Sea is situated between Israel and Jordan
and its surface area is 1,049 ki®. The water depth in the
north reaches 399 m and only approx. 3 m in the south. It
lies about 396 m below the Mediterranean and constitutes
the deepest point of the terrestrial landscape. Jericho -
probably the oldest city on Earth— was founded at the Dead
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Sea 9,000 BC. At that time the salt of this lake was already

being exploited (see Table 1. 14-3). Due to the long historic

development in this region there is plenty of written records
about this inland water. Kiem and Frons (1987) using this
documentation reconstructed the water level of the Dead

Sea for the period 1100-1800 AD (Fig. 1./4-6). There are
reliable data from 1800 over the annual water level, From

their work we know that the water level has varied in height

by more than 20 m. The phase of the nLittle Ice Age« after
1500 is characterised by a rise of the water level because
the precipitation and inflow were greater in volume than

evaporation.

Since 1964 both neighbouring countries (Israel and
Jordan) have taken large amounts of water for irrigation
projects from the Jordan River, the only tributary of
importance. The consequences have been negative. The
water level has declined till now continuously. Kven and
Frous (1987) estimated the decline of the water level from
1964 to 1984 at 24.3 eyt From ca. 400 m in 1980 and -
406 m in 1992 the level fell to -413 MSL in 2000,
Consequently, the water column stability has been reduced.
The lake, which for centuries was stratified without full
circulation (meromictic), experienced a full circulation for
the first time in the 1980s. Since then many full circulations
have been observed (Niemi etal. 1997) (hitp://ocean.org.il).

Europe

Most natural European lakes have emerged in indirect or
direct connection with the last ice age. They are thus
younger than 20,000 years and owe their existence 10
climate change. Only a few older lakes have a volcanic
origin (crater lakes) or have emerged through geomor-
phological changes. Because of the small size of Europe
compared with Asia, Africa and America almost all
European lakes are located in a moderate humid climate
#zone. Ther water levels and shorelines are relanvely
constant as opposed to the North African, Australian and
the large Asiatic lakes because the hydrological changes
were weaker since the last ice age. Nevertheless, the
composition and the structure of the lacustring sediments
have changed repeatedly.

The transition of the last glacial to the interglacial in
which we now have lived for 11,500 years did not happen
at once but in several phases that lasted over many
centuries. At least three arctic cold phases (with tundra
vegetation) alternating with warm climate phases have been
observed. The duration and course of a phase with warm
climate, the Allered peried, is shown in Fig. [./4-7 asan
example (MerkT 1994a). The figure shows the measured
sublamina of the different components sand. silt/clay,
calcite, siderite and organic substance which together
constituted individual annual layers. From the right to the
left the thin layers of sand, siltclay and calcite indicate a
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sandra period whose sparse vegetation only slightly slowed
Jdown the erosion. During the transition to the warm Allerad
2 allochtonous input of sand stopped completely and the
sporadic supply of clay/silt indicates that the vegetation
secame denser: A birch-pine forest expanded (changes in
i vegetation can be recognised through pollen analysis).
The appearance of organic substances and especially iron
\ ferric) mineral siderite as well as undisturbed lamination
mdicated warm summers and cold winters with long ice
cover but without storms and high precipitation,

The wave form of the thickness of the sidente layers
wdicated that the climate also showed slight long-time
e=cillations over centuries. The increase of caleite crystals
wdicated an unstable climate. They were unexpectedly
eroded from the shallow water for more than 100 years and
sansported into depth of the lake. The erosion of clay and
it first and then those of sand again reflects the end of the
miga forest and the return of the wndra vegetation.
Afierwards the production of organic substances and the
precipitation of siderite crystals disappears (Fig. 1./4-7).

The Allered period lasted 625 vears; the transition to
e following tundra period started about 130 vears earlier,
However, the real change took place in less than 50 years,
The end of this windra period afier 1,140 years was even

more drastic; it lasted a maximum of only 20 vears. The
temperature probably increased much more abruptly by 5-
7 °C. Then it fell again after only 120 vears, One hundred
years later the temperature increased again gradually to the
present warm period.

The ash of the eruptions of the volcano whose crater
now forms Lake Laacher can be recognised in Fig. 1.14-7.
It occurred 12,900 years ago, 200 years before the end of
the Allerad period (Merkr 1994b). The position ol its ash
is an important time mark in the lakes between Tunin (ltaly)
and Gotland (Baltic Sea). Clay/silt and even sand and
calcite were deposited at an increasing rate during the
following 810 years. Climate deterioration is observed for
a short time similar to the beginning of a tundra period.
This short-term change of climate through volcanic aerosols
was found i several German and Swiss lakes.

Alsa in the humid climate zone of Central Europe with
a positive water balance throughout the year at present,
there have been considerable hydrological fluctuations in
the past. Many European lakes had low water levels
repeatedly for short- and long-term penods. Since a series
of these lakes has neither inflow nor outflow, the low water
levels must have been the result of reduced precipitation.
According to Kiemmany et al. 1997 short-term extreme

99
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Fig. 1.14-7: Analysis of a sediment core from the lake Himel
(Hannover, Germany) showing the warm period Allerad
between two Tundra peniods: Younger Diryas (11560-12700
BP) and Older Dryas (13325-13375 BP) at the end of the
last ice age. The ash of the eruptions of the Laacher-Volcano
(eastern Eifel, West Germany) which occurred 12,900 vears
BP is an important time mark. The ash reached a height of
20-30 km, [ts impact on climate was probably higher than
that of EI Chichén (Mexico) and Pinatubo (Philippines).

lows were the cause, interrupted by periods with normal
water levels. There were no dry periods lasting for a cen-
tury. At times there were frequent dry periods so that we
get the impression today of a persistent precipitation deficit.
Low water levels cause only irrelevant changes at lakes
with steep shores. However, for very shallow lakes (e.z.
Lake Milritz, Lake Dilmmer and Lake Feder) or lakes with
low shores (e.g. Lake Constance and Lake Starnberg) even
shightly lower water levels have led to dryness of large
surface arcas which were soon settled by man during the
~Neolithic and Bronze periods. These settlements were
flooded and destroyed in the following period by the higher
water levels, covered through sediments and preserved.

These manifestations of earlier climate changes show
clearly that natural climate vanability 15 greater than we
infer from our historically limited experiences. Indeed the:
climate shows, against the classic concepts, njumps«.

Concluding remarks

Lakes are strongly influenced by long- and short-term re-
gional and global climate change. Their water levels vary
depending on the ratio of precipitation to evaporation. The
former lakes in the eastern Sahara which are completely
dried out today, because local precipitation has sunk to zero
or only a few mm/yr, constitute the extreme cases. The
history of lakes and adjacent areas can be reconstructed
through the analysis of lacustrine sediments.

Rising temperatures may lead to an expansion of the
arid and semi-arid regions and the lakes there will then dry
up more quickly. Today some of these lakes like those
North Africa serve as resting places for migratory birds.
An acceleration of the warming through the farther increase
of greenhouse gas concentrations might have as a
consequence that many of these bird species will not be
able to adapt quickly enough to these changes. Already
today we can find out a relationship between the water
scarcity in northern Africa and the year class strength of
many international migrating waterbirds: purple heron
(Ardea purpurea), white stork ( Ciconia ciconia), sand mar-
tin (Riparia riparia) and sedge warbler (sedge warbler).

The different changes of the lakes described in this
chapter show that climate changes have not been similar in
all regions of the Earth. Depending on geographical situa-
tion, prevailing wind direction, distance to the sea and
altitude the individual lakes react differently to climate
change. Tectonic changes of the Earth’s crust are long-term
influencing factors which — added to climate change -
complicate a reconstruction of past climate in some regions.

Already one-fifth of the world's population suffer from
scarcity of drinking water. As water scarcity in many dry
regions will increase in the future it 1s very important that
all drinking water reservoirs (lakes. river, groundwater. etc.)
be protected against contamination and oversalting. New
techniques must be applied to reduce the amount of water
consumed, e.g. in agriculture. The excessive extraction and
wrong use of water from the tributaries of the Aral Sea
since 1960 have caused the water level of this lake to sink
and the salinity to increase with incalculable ecological
nisks for the water availability of the region and for the
survival of the endemic fauna of the Aral Sea”™



