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HYDROGEOLOGY

THE CATASTROPHIC DECREASE OF PRESPA LAKE LEVEL -
RESULT OF NATURAL OR ANTHROPOGENIC REASON?

Prof. Dr Romeo Eftimi, eftimiromeo@gmail.com - Tirana, Albania

NPUPOAHA NN AHTPOTTOMEHHA E TTPUYHATA 3A KATACTPOPAJTHOTO MNMOHVXABAHE

HA HNBOTO HA MPECTAHCKOTO E3EPO

Mpod. a-p Pomeo Edtnmu, eftimiromeo@gmail.com - TupaHa, Anéanus

ABSTRACT

In southeaster Albania, on the border with North Macedo-
nia and Greece, there are located the lakes Big Prespa
(253.6 km?) and Small Prespa (47.4 km?). Bothe lakes are
linked by a small channel with a sluice that separates
the two lakes. The absolute mean level of Prespa Lake
is considered 850 m above sea level (asl), and the maxi-
mal registered in 1993 lake is 852.91 m. During the pe-
riod 1963-2003 a successive lowering of the lake level
continued, with some interruption of this tendency dur-
ing the period 1977-1986. The lowest level in 2003 was
registered at 844.42 with cumulative amplitude for the
period 1963-2003 of 8.29 m. Some specialists give the
following hypothesis to explain the lake water decrease:
a) increase of the transmissibility of the karst aquifer
separating Prespa Lake from Ohrid Lake, and such inten-
sifying the draining of the first lake to the second one; ¢)
increase of the lake water use by the local population for
agriculture and industrial purposes, and b) change of the
climatic conditions in recent years.

However, the analyses of some meteorological and ar-
chaeological facts suggest that Prespa Lake level de-
crease is a consequence of the climatic conditions, which
changes, in the past seems has been more intensive that
today. The lake level lowering gave the possibility, also,
some karst phenomenon of the lakeside, like the Zaver
swallow hole, to be observed and described better.

KEYWORDS: Prespa Lake, karst aquifers, environmental
impact, climatic changes

PE3IOME

BtoromstoyHa AnbaHua, HarpaHuuata cbce CeBepHa Ma-
KefoHMA 1 Ibpuma, ce HamupaT FonamoTo (253,6 km?)
n MankoTo (47,4 km?) MpecnaHcko e3epo. [iBeTe e3epa
ce CBbp3BaT MOMEXAY CW Ype3 efuH Manbk KaHan C
w03, CpegHOTOo HMBO Ha [pecnaHcKoTo e3epo e 850 m
HaZMOpCKa BMCOYMHA, @ MaKCUManHOTO paBHULLE OT
852,91 m e peructpupaHo npes 1993 r. B nepuopga
1963-2003 r., ¢ npekbcBaHe npe3 1977-1986 r., e du-
KCMpaHO mocfiefoBaTelHO HaMassaBaHe Ha HMBOTO Ha
€3epoT0o. Hal-HMCKOTO perncTpnpaHo HMBO e 844,42 m
npu oblla KymynaTuBHa amnantyaa 8,29 m 3a uenus
nepunoa 1963-2003 r. MiskasBaT ce cnegHUTe Xunore-
31 3a HamassiBaHe Ha HMBOTO Ha €3epoTo: a) yBenu-
YaBaHe Ha XuApaBiMyHaTa NPOBOAMMOCT Ha KapCTo-
BWS BOAOHOCEH XOPMU3OHT, pasgensuy [pecnaHcKoTo
e3epo oT OXpUACKOTO €3epo, B pe3ynTaT Ha KOeTo ce
yCuUnBa ApeHupaHe Ha NbpBOTO €3ep0 KbM BTOPOTO;
6) yBenunyaBaHe Ha M3MON3BAHETO Ha BOAWTE Ha e3e-
POTO OT MECTHOTO HaCesleHne 3a CEICKOCTOMAaHCKMU U
NHAOYCTPUANHN LIENN; B) UBMEHEHME Ha KIUMATUYHUTE
YCNOBMSA Mpe3 MocAeAHuUTe roAuHu. poydBaHeTo Ha
METEOPOSIOTUYHUTE U apXeONOXKNTE hakTh obave no-
KasBa, Ye MOHMXKaBaHEeTO Ha HMBOTO Ha [1pecnaHCcKOoTO
€3epo e CNeAcTBME OT MPOMEHM B KIMMATUYHUTE YCIO-
BYS, KOUTO B MUHaN0OTO Hal-BEPOSITHO ca BUN MHOIO
NO-MHTEH3UBHW OT cera. [ToHMXXaBaHeTo Ha HUBOTO Ha
€3epoTo Jaje Bb3MOXHOCT Aa Ce m3cneaBaT mno-fe-
TalIHO HAKOWM KapcToBM EHOMEHM Ha €3epoTo, KaTo
NMOHOPBT 3aBep.

KJMIOYOBU [OYMMW: T[lpecnaHCKO €3epo, KapCToB
BOAOHOCEH XOPW3OHT, BAUSHWE Ha OKOJIHaTa Cpeja,
KJIMMaTUYHW NPOMEHM
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the World Map of Karst Aquifers and of the Warld Map of Transboundary Aquifers.
He has published more than 60 papers, 4 university textbooks, and 3 monogra-
phers. He is a member of Karst Commission of International Association The last,

INTRODUCTION

n South-eastern Albania, in bordering area with North

Macedonia and Greece Prespa and Ohrid Lakes consti-

tute a common hydraulic system. Prespa Lake has no
surface flow and the outflow of the Lake is realized only
through karst underground conduits into Ohrid Lake Dur-
ing some decades Prespa Lake has suffered extremely
worrying water level decline of about 8.5 m, which is seri-
ously influenced by natural climatic changes as well as
by uncontrolled anthropogenic impact. As e result of in-
sufficient scientific collaboration the hydrology and hy-
drogeology of this wide and complicated watershed is
not fully investigated. This paper will try to shortly ana-
lyze the problem and should bring some important field
observation helping the discussion.

GEOLOGY

Mali Thate—Galichitsa Mountain consists mainly of Upper
Triassic-Lower Jurassic (T,—J,) massive limestone with
highest peak 2287 m above sea level (asl) (Fig. 1). During
the Pliocene-Quaternary the study area embraced strong
and progressive general uplifting, while the depression
areas suffered mainly subsidence and partially uplifting
(1). Most significant result of this tectonic style is the for-
mation of big Mali Thate — Galichica Mountain horst. On
both sides of the horst big graben structures are placed:
Prespa Lake graben to the east, and Ohrid Lake and Kor-
cha plain grabens to the west. Some regional faults with
north-south orientation are developed along the Eastern
and Western edges of Mali Thate-Galichitsa horst. The
Pliocene deposits represented by clay, sandstone and
conglomerate fill most of the bottom of Prespa Lake and
some small outcrops are developed along the lakeside.
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Fig. 1. Simplified hydrogeological map of the area between
Prespa and Ohrid lakes
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HYDROGEOLOGY

Main hydrogeological features of the area are shown on
Fig. 1. The elevation and the surface of Ohrid Lake are
respectively 694 m asl and 348 km?, while those of Pres-
pa Lake are respectively 849 m asl and 274 km? Small
Prespa Lake surface is 47.4 km? and the water level is 1
to 3 m higher than that of Big Prespa and a natural sandy
dam with a sluice gate separates them. Ohrid and Prespa
Lakes are separated by the karst massive of Mali Thate-
Galichica Mountain characterised by dense presence of
karst phenomena like karst plateaus, dead valleys, sink-
holes and caves. As the Prespa Lake water level is about
150 m higher than that of Ohrid Lake, big karst water
quantities flow through Mali Thate—Galichitsa karst mas-
sive to the Ohrid lakeside recharging many karst springs
in the bordering area between Albania and North Macedo-
nia. Main water recharges are the big springs of St. Naum
average discharge 7.5 m?/s and that of Tushemisht with
2.5 m?/s. There are also two other groups of springs, Bil-
jana near Ohrid with an average discharge between 1 and
2 m3/s and a group of springs, with total discharge of
about 0.5 m?/s, issues in Devoll River Valley in Albanian
territory, near the villages Golloborda, Manchurisht and
Proger, in Devoll River Valley (2).

Jovan Cviji¢ (3) in 1905 described in detail the karst phe-
nomenon of the Prespa and Ohrid lakes area and formu-
lated the hypothesis that Prespa Lake recharges St Naum
and Tushemisht springs issuing in Ohrid lakeside. Some
investigations conducted with environmental isotope
techniques supported by IAEA — Vienna have demon-
strated that Tushemisht Spring at about 52-54%, and St.
Naum Spring at about 42—46 % are recharged by Prespa
Lake (4,5, 6,7, 8). However, the most significant and curi-
ous karst phenomenon of the area is Zaver swallow hole,
which is located in Prespa lakeside between Small Gorica
and Gollomboch villages (in Albanian territory). There an
intensive loss of the lake water into the karst basin could
be seen (Fig. 2). Taking into consideration the difference
of water levels in both lakes of 155 m in average and the
distance of 17 km between the two lakes in the direction
Zaver swallow hole - Tushemisht and St. Naum, the maxi-
mum hydraulic gradient of karst water flow is 0.0091.

Fig. 2. Zaver swallow hole; photo of 12 September 2019
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CATASTROPHIC DECREASE OF PRESPA LAKE LEVEL

Lake Prespa is an important natural, ecological and eco-
nomical water resource in a region suffering water short-
age Fig. 3 and 4. Duuring the period 1963—2002 Prespa
lake level is lowered 8.79 m, with a decreasing level trend
of 21.7 cm/year, while the decreasing trend of the pre-
cipitation for the same period is 7.8 mm (6). During the
period 1951-2000 Prespa Lake level is lowered 7.79 m,
with the decreasing trend of 10.9 cm/year, and the pre-
cipitation decreasing trend, for the same period, of 3.16
mm/year (9). Both investigations take into consideration
different time periods.

Many balance calculations of Prespa—0Ohrid basin per-
formed by different authors and institutions of three
neighboring countries result in big discrepancies (6, 9,
10). This is the result of missing collaboration and co-
ordination regarding exchange of documentations be-
tween the three countries and systematic measurements
of important water points (springs, rivers etc) as well as
regarding the measurements of the climatic elements at
high elevation areas of the karst basin and lack of data
of snow fall and evaporation. Mostly, the conclusions of
the investigators about the Prespa Lake level decline are
based only on the data of “own country”. In the special-
ized technical literature (6, 7, 9, 11), there are expressed
different opinions about the Prespa Lake level decrease
which could be summarized as (a) geological (tectonic
and karst widening of underground channels connecting
both lakes), (b) anthropogenic (intensive use of lake water
for irrigation) and (c) less recognized climate changes).

The widening of the tectonic-karst pathways transmit-
ting the water from Prespa Lake to Ohrid Lake presup-
pose at least the increase of the discharge of the big
karst springs of Tushemisht and St Naum, which is not
supported by some non systematic measurements of the
discharge of the springs.

The anthropogenic impact on Prespa Lake level is re-
lated to the increased use of the Prespa Lake water for
irrigation or for other purposes. Often the increased use
of Prespa Lake is related mainly to the “intensive” use of
the lake Small Prespa for irrigation in Albanian territory.
In 1976 the Devoll River in Albanian territory was divert-
ed to flow to Small Prespa Lake and during the period
1976—-1996 the River input was about 30—70 million m3/
year with the intention to be used for irrigation of Korga
plain during the summer. As the constructed sedimen-
tation basins of Devoll River didn't functioned normally
about 40.000 m?, of fine grained sediments are depos-
ited every year in Small Prespa Lake, which in total reach
about 800.000 m® The huge quantities of sediments
changed completely the littoral zone and in the Albanian
territory the beautiful Small Prespa was transformed into
e wetland making impossible to further host the Devoll
River water (Fig. 5). It is obvious that the lake water used
for irrigation can't be the reason for the decrease of Big
Prespa Lake level. The maximal volume of Prespa Lake
in 1961 was 4.23 km® which has so far decreased by
about 1.1 km? (9). The used for irrigation water quantity
is relatively small comparing with the total volume of Big
Prespa Lake and moreover the used for irrigation water
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Fig. 3. Zaver Swallow hole; water level elevation at about 847 m
asl (2012)

Fig. 4. Zaver Swallow hole; water level elevation at about
844.5 m asl (2005)

mostly was supplied by Devoll River belonging to another
watershed.

Another anthropogenic impact on the decline of Prespa
Lake level could be also the use of lake water for the mas-
sive irrigation of Resen plain located north to the Lake
in the territory of North Macedonia, or the use of Small
Prespa water for irrigation in Greek territory but no pub-
lished data exist about these activities.

ZAVER SWALLOW HOLE AS A TESTIMONY
OF THE CLIMATIC CHANGES

For a better understanding of the climate changes let us
describe in more detail the Zaver swallow hole. This is
the biggest and most important swallow hole where the
water of Prespa Lake disappears to reappear in the big

karst springs along the Ohrid lakeside. The configura-
tion of Zaver swallow hole at high water level is like an
prolongation of the lake about 600 m in length finishing
in a natural vertical Upper Triasic limestone wall about
25 m high of Mali Thate Mountain (Fig. 6). At the foot of
the limestone wall is located Zaver swallow hole and a
big cave not yet well investigated is developed close to
it. In the memory of the local people is transmitted the
description of a “road” connecting two sides of the Lake
prolongation finishing to Zaver swallow hole but no one
has seen it until the years 2002—2005. At this time inter-
val the Lake arrived the lowest known level of about 844.5
m asl and the road emerged with all its mystery. The road
is about 200 m long; it is constructed like a dam which
the carriage way in average about 2.5 to 3.0 m wide, while
its height varies from about 0.5 m in both extremes of the
road to about 3 min the central, deepest part of the water
flowing to Zaver swallow hole. The road is constructed

Fig. 5. The littoral zone of Lake Small Prespa in Albanian territory
is transformed into a wetland by the sedimentation of the small-
size sediments of Devoll river diverted into the lake

Fig. 6. During 2005 was possible to see the presence of a road
(or dam) connecting two sides of the Prespa Lake prolongation
finishing in Zaver swallow hole
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Fig. 7. The “road” is constructed with stones of different
dimensions and without pavement and is much more similar to
adam

with stones of different dimensions, from about 15-20
cm to big blocks more than 70—80 cm thrown without
order and actually no signs of any former pavement could
be seen on the road. The used building stones are taken
from the local sandstone-conglomerate Pliocene depos-
its outcropping along the lakeside near Zaver swallow
hole and consist of igneous, metamorphic and carbonate
rocks (Fig. 7).

The presence of the road suggests some questions.
When and why is constructed this “road"? Is there an an-
cient “road” or an ancient “"dam"? Why was necessary to
construct this “road"? About the time of the construction
of the road there is no any testimony; the local people say
that “the road is very old and no one knows when it was
constructed”. The stone road is shorter and more con-
venient comparing with the former existing road passing
on limestone rocks and quite near to Zaver swallow hole.
At the actual situation the stone road is not convenient
and is not used by the local population. The water level on
both sides of the road is different; the level of the Prespa
Lake is about 0.8 m higher that of flowing water to Zaver
swallow hole. May be the road is a dam constructed to
keep Lake level at higher elevation so important for the
fishing activity of the local people.

The construction of such a road (or dam) is justified only
if for a long time (at least some tens of years or more) in
the past Lake Prespa level has suffered by climatic short-
ages similar to the actual ones. An important investiga-
tion undertaken to explain the past climatic variability de-
termining the sediment isotope and geochemical record
from Lake Prespa over the Last Glacial cycle found very
low lake levels occur around 1000 years ago and a rapid
reversal is established in the last 500 years (12). This pe-
riod could be the age of the road of Zaver swallow hole
as well.

24

CONCLUSIONS

The existence of the ancient road of Zaver swallow hole
testify that the main reason of the extraordinary decline
of Prespa Lake water level are the permanent cyclic cli-
mate shortages on which nowadays overlap seriously the
dangerous anthropogenic impacts as well.
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