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THE DEBELI NAMET GLACIER FROM
THE SECOND HALF OF THE 20TH

CENTURY TO THE PRESENT
LEDENIK DEBELI NAMET

OD DRUGE POLOVICE 
20. STOLETJA DO DANES

Predrag Djurovi}

Debeli Namet is one of Europe's southernmost glaciers (July 28, 2007).
Debeli namet je eden od najju`nej{ih evropskih ledenikov (28. julija 2007).
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ABSTRACT: The Debeli Namet glacier is one of two recent glaciers located in the south western Balkans,
located on Durmitor Mountain in the south eastern Dinarides mountain range in Montenegro and is con-
sidered to be a small glacier. The size of the glacier from 1954 to 1981 was estimated based on aerial photographs.
According to glaciological research, geomorphologic studies of the nearby relief and analyses of climate
change (temperature and precipitation) within the last 50 years, new data on the glacier have been obtained.
The Debeli Namet glacier is reducing at a rate slower than that of other southern European glaciers. The
Debeli Namet glacier did not significantly fluctuate in size (surface and thickness) in response to tem-
perature increases that occurred at the end of the 20st and at the beginning of the 21st centuries. Here, we
present partially revised data accompanied by recent results related to the glacier's recent behaviour, its
surroundings and its associated climate.
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1 Introduction
Abundant evidence of Pleistocene glaciation has been discovered and studied in the high mountain areas
of southern Europe and the broader Mediterranean (Messerli 1967; Hughes and Woodward 2008). During
the Holocene era, glaciers almost completely retreated from these areas and remained only on particu-
lar mountains (Messerli 1980; Grünewald and Scheithauer 2010). Compared to their size during the
Pleistocene, glacier sizes have been greatly reduced. They display similar characteristics: small spatial extents,
underdeveloped tongues and widths commonly exceeding their lengths. They have been described as the
Pyrenean type (Meccerli 1967) and were studied in the Pyrenees (Grove and Gellatly1995; Grove 2004),
in the Sierra Nevada (Gómez et al. 2003), in Picos de Europa (González-Trueba 2004) in Spain, in the Alpes
Maritimes in France (Federici and Stefanini 2001), in the Italian Apennines (D'Orefice et al. 2000;
Dramis et al. 2002; D'Alessandro et al. 2003; Pecci 2006; Pecci et al. 2008), in the Slovenian Alps ([ifrer 1976;
Tintor 1993; Gams 1994; Gabrovec 1998; Pav{ek 2007; Triglav ^ekada et al. 2012), in Durmitor Mountains
in Montenegro (Djurovi} 1996; 1999; 2008; Hughes 2007; 2008; 2010), in Prokletije Mountains in Albania
(Milivojevi} et al. 2007; Hughes 2008), in Pirin Mountains in Bulgaria (Grünewald et al. 2008; Gachev 2009;
Gachev et al. 2009; Grünewald and Scheithauer 2010) and elsewhere. Several smaller glaciers existed beyond
the Debeli Namet glacier during the LIA on Durmitor Mountain but subsequently disappeared (Hughes 2010).

Glaciers are located at lower altitudes in response to the recent equilibrium-line altitude (ELA) in these
areas (Hughes and Woodward 2009). Small mountain glaciers have responded rapidly to climate changes
at the end of 20th and beginning of the 21st centuries. Comprehensive studies of glaciers have been carried
out to examine these changes and the possibility of glaciers retreating and/or disappearing (Meier etal. 2003).
Data collected on the Debeli Namet glacier contribute to a better understanding of one of the southern-
most and the lowest altitude southern European glaciers.

The Debeli Namet glacier is located along the western part of the Balkan Peninsula on Durmitor Mountain,
which is part of the Dinarides mountain chain (Figure 1). Durmitor Mountain is primarily composed of
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Figure 1: Geographic position of Durmitor Mountain and the modern glaciers in its vicinity.
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Cretaceous carbonaceous rocks and Eocene carbonaceous flysch (Mirkovi} 1983). Recent karst forma-
tions dominate its relief (Djurovi} 1996; 2010). Whereas numerous glaciers were present on Durmitor
Mountain during the Pleistocene era, the Debeli Namet glacier is the only one that has persisted through
time (Cviji} 1889; Milojevi} 1937; Marovi} and Markovi} 1972; Djurovi} 1996; 2002; 2009).

2 Methodology
Research on the Debeli Namet glacier has included glacier studies, geomorphological investigations and
analyses of the glacier's main climatic elements. The size of the glacier was estimated according to analy-
ses of aerial photographs taken prior to this research.

Geomorphic studies included quantitative and qualitative relief analyses. The result of these studies
was a geomorphologic map (scale of 1 : 25,000) accompanied by characteristic cross-sections. Because the
geomorphologic map was created regarding the genetic principles, all morphological forms and occurrences
were classified based on dominant morphogenetic processes (Djurovi} and Menkovi} 2004; Smith etal. 2006;
Baumann et al. 2009).

The glacier was measured with a geological compass (accuracy 1°), a manual GPS, a measuring strip
and a laser remote sensor. By comparing results obtained with the GPS with reference points located in
the field, some errors that exceeded the limit of predicted tolerance were recognised. Most errors were
most likely caused by high mountain ridges around the glacier that hindered our ability to obtain a good
quality signal. Glacier length was measured with a measuring strip and a geological compass instead of
the laser remote sensor because of frequent foggy weather above the glacier.

To determine fluctuations in glacier length, a reference point was placed at the end of the frontal moraine
(i.e., near the glacier's tongue).

Past glacier size was obtained trough to aerial photographs taken in 1954, 1971 and 1981 (scale of 1:25,000).
Photographs were taken during the first half of August and were analysed with remote sensing techniques
(Elachy and Zyl 2006; Schowengerdt 2007).

Cirque margins were determined using aerial photographs (scale of 1 : 25,000). The same photographs
were used to determine the area of the surface fed by snow avalanches. The utilisation of aerial photographs
was more accurate than the utilisation of topographic maps at the same scale the aerial extents of the glac-
ier were established trough photogrammetric methods (Fox and Nuttall 1997; Sanjosé et al. 2007)

The glacier's volume was calculated with an empirical formula. Measurements performed on 63 glac-
iers allowed for the ratio between the surface area and the glacier's mass to be estimated (Chen and
Ohmura 1990):

V = 28.5 S1.357

where V is glacier volume (106 m3) and S is glacier surface area (106 m2).
The main climatic elements were analysed according to data collected by the @abljak meteorological

station from 1958–2010 (Republic Hydro-Meteorological Service of Montenegro). The vertical temper-
ature gradient was calculated from data collected by the @abljak (1450 m a.s.l.), the Pljevlja (784 m a.s.l.),
the the Bijelo Polje (560 m a.s.l.) and the Kola{in (943 m a.s.l.) meteorological stations from 1961–1985.
The linear correlation between the altitudes of these stations and their air temperatures was 0.95.

3 Previous research
The earliest data regarding the existence of a glacier on Durmitor Mountain was collected during the second
half of the 1960s (Nicod 1968). Later, complex geomorphological research was carried out to estimate
the influences of glacial, periglacial and karst processes on recent relief on Durmitor Mountain. This research
confirmed the existence of a glacier (Djurovi} 1996). In the summer of 1993, the snow and the firn over
the glacier started to melt (Djurovi} 1996; 1999) producing three small streams which carved up to 1 m
deep and from 50 to 70 m long channels in the upper, concave part of the glacier. The convex part of the
glacier transverse crevasses that were approximately 0.1 m wide and 10 m long. The streams disappeared
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into these crevasses producing three up to 8 m deep pits by melting the ice (Djurovi} 1996; 1999). This
depth corresponds to the thickness of the Debeli Namet glacier.

The glacier area was completely and uniformly covered with a 0.1 to 0.3 m thick layer of debris) rep-
resenting the vertical boundary between the glacier's ice and the overlying firn and snow. In August 1997,
the boundary layer of debris was discovered when drilling through the glacier. The boundary layer was
approximately 1 m beneath the thick firn layer. By mistake, the firn thickness was interpreted as the glac-
ier thickness, and the debris layer was interpreted as the glacier's bedrock (Veselinovi} et al. 1997).

Intensive research has been carried out since then. The ice has been analysed to estimate its radioac-
tivity and heavy metal content (Veselinovi} et al. 1997). Additionally, the natural and anthropogenic
influences that may threaten the pits in the glacier have been examined (Djurovi} 1999). Radiochemical
methods, specifically γ-spectrometry (137Cs) and β-activity measurements (3H concentration by liquid
scintillation counting technique), were applied to the ice (Kern et al. 2006). The age of the Debeli Namet
glacier moraines was determined by the lichenometric method accompanied by variable morphomet-
ric parameters (Hughes 2007). Comparative analysis of moraines on Durmitor and alluvial fans
surrounding area adjacent highlighted errors of their determination and consequences (Djurovi} 2007).
The influence of extreme summer temperatures during 2003–2007 on the Debeli Namet glacier was exam-
ined (Hughes 2008). Grünewald and Scheithauer (2010) analysed and predicted the current and future
status of the southern European glaciers, including the Debeli Namet glacier, in terms of regional cli-
mate change.

4 Recent research in the Durmitor Mountain

4.1 Recent climate of the Durmitor Mountain

Stationary and permanent meteorological measurements are not taken on the Durmitor Mountain. Therefore,
we used data obtained in the period from 1958 to 2010 at the @abljak meteorological station (1450 m a.s.l.)
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Figure 2: Comparative analyses of the average annual temperatures at the @abljak (Montenegro), Kredarica (Slovenia) and Musala (Bulgaria)
meteorological stations.
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as well as data collected from eight precipitation stations distributed over the mountain (at elevations rang-
ing from 446 to 1280 m a.s.l.) to highlight the contemporary climatic conditions of this mountain.

Average annual temperature in @abljak was 4.7 °C during 1961–1990 and 5.3 °C during 1958–2010.
Since 1980', the temperature has been gradually and continuously increasing. The last two decades have
been marked with further increases in temperatures but with significant annual deflections. Comparative
analyses between the @abljak meteorological station, the Kredarica meteorological station (Triglav glac-
ier, Julian Alps, Slovenia, 2544 m a.s.l.; Cengar and Rok{ar 2004), and the Musala meteorological station
(Bulgaria, Rila Mountain, 2925 m a.s.l.; No`arov 2008) show that average annual temperature trends among
these three meteorological stations are in close agreement (Figure 2), which suggests that these changes
are regional.

Annual precipitation rates in @abljak vary significantly with an average 1450 mm/yr (1948–1993). The
approximately perpendicular position of the mountain in relation to the direction of moist air currents
from the Mediterranean area significantly contributes to precipitation rates in this region. Precipitation
rates on the southwestern slopes are approximately 60 to 70% higher than precipitation rates on the
north-eastern slopes (Figure 3). The annual precipitation rate calculated for the central part of Durmitor
Mountain (areas above 2000 m a.s.l.) is approximately 2600 mm.
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4.2 Geomorphological studies

Through qualitative geomorphological analyses (Djurovi} 2009), glacial, colluvial and karst landforms
were distinguished (Figure 4 and 5): glacial landforms are represented by recent moraines, the most com-
mon colluvial landforms are clefts and taluses, while karst landforms are represented by dolines and karrens.

The Debeli Namet glacier is located on the highest part of the Pleistocene Velika Kalica cirque (Figure 6).
Five moraines have been observed in this cirque (Djurovi} 1996). Four of them were formed under suc-
cessive glacier retreat, and one is a recent moraine. The age of moraine IV was estimated according to the
secondary calcite cement to be 605 ± 193 years using U-series10, and the age of moraine III was estimat-
ed to be 9575 ± 836 years (Hughes and Woodward 2008).

Thus defined recent cirque with a bottom and with sides covers the area (approximately 0.056 km2).
The drainage area of the cirque, caused by snow avalanches feeding the Debeli Namet glacier, is 0.144 km2,
with the surface of glaciers total of 0.2 km2. Horizontal and vertical asymmetry was observed in the moraine
(Figure 5). According to weak morphological differentiation and to the colour of moraine material, three
banks were distinguished in the moraine (Djurovi} 1993; Hughes 2007). Two higher banks were visible
from the outer side of lateral moraines, whereas banks were missing in the frontal moraine. The licheno-
metric method inferred that these two moraines were formed in years 1887 and 1903. These banks were not
colonised by lichens and were considered to be less than 11 years old (Hughes 2007). Intensive cryogenic
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process derived colluvial forms with considerable dimensions: clefts and talus slope (Figure 4). Taluses
are also common here, and debris travels until it reaches the right lateral moraine.

Since the geomorphological influence of low temperatures and snow accumulation prevail, karst forms
are rare in the area. However, a few places with karren occurrences were recognised and studied near the
glacier. Karrens enable the determination of the spatial boundary between cryo-nivation and karst process-
es. The first group of 5–10 cm wide and 5 cm deep karrens occurred on a vertical limestone wall located
just above the glacier and to the left of the lateral moraine. Karrens did not reach the end of the rocky wall
and ended at approximately 3 to 5 m above the left lateral moraine. This height represents the qualitative
boundary of prevailing dominant influences of two geomorphological processes: karst processes take part
above this height, and cryo-nivation process take part beneath it. Another group of karrens was found on
rocky cascades just above the south-eastern part of the glacier. The vertical sides of the cascades have inter-
secting shallow karrens that are up to 2 m long. Despite the pronounced duration of yearly snow, there was
sufficient time for development of karrens.

4.3 Glaciological studies

According to the generally accepted idea that a glacier is a compact ice mass that is in motion and is being
deformed by this motion (UNESCO/IACH 1970), the Debeli Namet glacier can be considered to be a con-
temporary glacier rather than a snow patch (Djurovi} 1996; Hughes 2007).

The longitudinal glacier section could be distinguished into its three distinct parts: lower, shorter and
concave parts (from the glacier's front to 90 m), convex parts (90–120 m) and upper, longer concave parts
(120–330 m).

The glacial tongue is bordered by frontal and lateral moraines (Figure 7). The medium convex part
is the most dynamic part of the glacier, while the upper, concave part of the glacier represents the zone
of snow accumulation and its transformation to glacier ice. This part is subdivided in two segments: the
south-western segment is the highest part of the glacier, and it ends beneath the limestone cliff of the Ple}a
ridge; the south-eastern segment is a wide, snow-firn mass that has accumulated on rocky cascades that
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Figure 5: Profile of the Pleistocene cirque in Velika Kalica.



descend to the base of the cliff from the [ljeme ridge. This part of the glacier is exposed to large annual fluc-
tuations in size.

Complete melting of snow and firn from the glacier surface did not occur between 1993 and 2010. The
glacier was drilled in the upper, concave part in October 2008. The thickness of the firn was estimated from
the drilling to be 6 m at a minimum. Drilling was thereafter cancelled as a result of technical problems.

The lowest point on the glacier at the end of glacier tongue at an average altitude of 2050ma.s.l. Fluctuations
at this altitude were measured according to a reference point in the middle of the frontal moraine. The
glacier descended up to the recent lateral moraine during the observation period. Horizontal migrations
(ranging from 4 to 6 m) and minimal vertical movement (within the range of 2 m) were estimated.

The highest glacial point experiences greater seasonal changes than the rest of the glacier. The fewest
changes occur on the south-western part of the glacier (5 to 10 m vertically and approximately 20 m hor-
izontally) (i.e., on average, ranging from 2160 to 2170 m a.s.l.). Seasonal changes on the south-eastern part
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of the glacier are greater (20 to 30 m vertically and approximately 70 m horizontally). Along the long axis,
from the lowest point on the glacier tongue to the highest point in the southwest, the glacier length is a min-
imum of 320 m and a maximum of 350 m. These values along the short axis, from the lowest point on
the glacier tongue to the highest point on the south-eastern part of the glacier, are a minimum of 260 m
and a maximum of 330 m. Glacier size has been measured only a few times in the last 20 years (Table 1).

Table 1: Spatial extent and volume of the Debeli Namet glacier.

Year Glacier area (km2) Glacier volume (m3) Source of data

August 1954 0.022 160 500 Djurovi}, according to Belgrade Military Geographical
Institute aerial photographs

August 1971 0.036 313 000 Djurovi}, according to Belgrade Military Geographical
Institute aerial photographs

August 1981 0.043 398 500 Djurovi}, according to Belgrade Military Geographical
Institute aerial photographs

August 7, 1993 0.017 113 000 Djurovi}, 1996
August 6, 1997 0.024 180 500 Djurovi}, unpublished
2003 0.018 122 250 Hughes, 2008
2005 0.041 373 500 Hughes, 2008
2006 0.050 489 000 Hughes, 2008
October 18, 2006 0.029 233 500 Djurovi}, unpublished
2007 0.037 325 000 Hughes, 2008
September 25, 2008 0.034 289 750 Djurovi}, unpublished
October 17, 2009 0.026 201 250 Djurovi}, unpublished
September 22, 2010 0.033 278 250 Djurovi}, unpublished

Figure 7: The Debeli Namet glacier
on October 18, 2006. P
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Glacier tables have been observed on this glacier. In 1993, one of the largest glacier tables was formed.
This table was made of rock boulders and had 3 m in length and 1 m width (Djurovi} 1996). In 1994, this
glacier table was covered with snow and firn and was no longer recognisable. Glacier tables vary in size,
and the last large glacier table was observed in 2010 (Figure 8).

The Debeli namet glacier is fed with snow directly precipitated in cirque, snow transported by avalanch-
ing as well as with wind-drifted snow. Based on monthly precipitation rates estimated for @abljak, the
percentage of the total precipitation accounted for by months with negative average air temperature val-
ues (November–April) at an altitude of 2150 m were calculated. During this period, approximately 55 %
(1430 mm) of the total annual snow (2600 mm) falls. The amount of snowfall on the avalanche drainage
area was calculated as a product of the area (0.144 km2) multiplied by the annual snow precipitation rate
(1430 mm). Dividing this value by the cirque size (0.056 km2) gave an accumulation rate of 3677 mm. When
this value is added to the directly precipitated snow value in the cirque, the total amount of snow feeding
the glacier is estimated to be 5107 mm.

Because glacier motion velocity measurements began in 2009, these values are still unknown. However,
according to some indicators, it is possible to deduce the approximate value of the glacier motion veloc-
ity. A limestone block that represented the glacier table in 1993 was visible again at the end of the terminal
moraine on October 16, 2006. During this period it was not exposed on a glacier surface but within it
and covered by icy-snow mass. Therefore the motion velocity of the block is supposed to be the same as
that of glacier. It is unknown whether that block was brought into that position in 2006, as the glacier
tongue thickness was previously greater than 2 m. The block migrated approximately 150 m over 13 years
and thus had a minimum velocity of 11 m/yr. This finding, along with the understanding that the glac-
ier does not retreat or advance along with its maximal obtained length of 350 m, suggests that it would
take more than 30 years for the ice mass of the Debeli Namet glacier to recover.
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Figure 8: A glacier table (October 24, 2010).
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4.4 Results of glacier reconstruction

The glacier's size was estimated before direct field observations were made based on aerial photographs
(Figure 9). Because observations were made during the first half of August, these photographs represented
the glacier pattern in middle of the ablation season. Although these photographs do not illustrate the glac-
ier pattern at the end of the ablation period, they offer significant information regarding fluctuations in
glacier size.

The current glacier size at the end of the ablation period (November) corresponds to the glacier size
in August 1954. Glacier sizes in August 1971 and 1981 represent the beginning of the ablation season (i.e., they
refer to enlarged glacier areas present during the last decade). In 1953, the snow precipitation rate was

Figure 9: Aerial photographs of the Debeli Namet glacier (Archive of the Military Geographical Institute, Belgrade).

Figure 10. The Debeli Namet glacier at the end of the ablation period (September, 1981).
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only 43% of the average annual rate (1450 mm). Significant decreases in precipitation rates were accom-
panied by significant increases in air temperatures in 1954. As a consequence, both the glacier area and
the area of adjacent snow patches were reduced. From the middle of the 1970s to the middle of the 1980s,
considerable increases in precipitation rates were observed. During the same period, the air temperature
dropped considerably. This resulted in an enlargement of the glacier area, including the area of adjacent
snow patches (Figure 10).

5 Discussion
Differences in previously reported data regarding the position and size of the glacier can lead to different
conclusions regarding the dynamics of the Debeli Namet glacier. The first measurement of the lowest point
on the glacier was 2050 m a.s.l. (Djurovi} 1996; 1999). The altitude of the glacier has also been determined
to be at various levels: 2100–2200 m a.s.l. (Hughes 2007), ranging between 2050–2300 m a.s.l.
(Hughes 2008; 2009) and between 2000–2200 m a.s.l. (Hughes 2010). Differences in altitude values could
reflect the glacier's motions or the varying vertical extent of the glacier (e.g., 100 m, 250 m and 200 m)
(Hughes 2007; 2008; 2010). The lowest point of the glacier (at the end of the glacier tongue) has been dis-
placed within the vertical range of 2 m since the middle of 20th century (note that data prior to the middle
of the 20th century are missing). Thus, the lowest point of the glacier has been at an approximate altitude
of 2050 m a.s.l. for more than a half century. The highest point of the glacier has moved more, having moved
on average from an altitude of 2160 to 2170 m a.s.l. According to the position of the lowest and highest
points of the glacier it was estimated that the Debeli Namet glacier is located at an altitude ranging
between 2050ma.s.l. and 2160–2170ma.s.l. Therefore, its vertical extent (its height) is approximately 110–120m
and its length is 320–350 m.

The area of the glacier has been calculated to be the sum of the glacier ice area and the snow-firn area.
The maximum area extent (0.056 km2) was estimated using the area of the glacier's bottom and the sides
of the cirque. This is the area that the glacier attains at the end of the accumulation season (November–April).
During the ablation season (May–October), the marginal parts of the glacier melt, leading to a reduction
of glacier size and thickness. Aerial vales for 2005 (0.05 km2) and 2006 (0.041 km2) (Hughes 2007; 2008)
represented 91% and 73%, respectively, of the glacier area at the beginning of the ablation period. However,
measurements and observations recorded on October 18, 2006 (Figure 8) resulted in different glacier area
values at the end of the ablation period (Table 1).

During these years, significant variations in air temperatures and precipitation rates that could cause
an increase in glacier size were not observed. Therefore, these data do not represent the real values of glac-
ier size reported in the cited period.

Literature data related to climate conditions on Durmitor, as one of the most important impacts to the
glacier Debeli namet, are mutually differing. The values that have been reported for the average annual tem-
peratures in @abljak are significantly different: 0 °C (Cerovi} 1986; Hughes 2007), 4.7 °C (1961–1990)
(Djurovi} 1996), 5.1 °C (]uri} 1986; Hughes 2008; 2010) and 5.3 °C (1958–2010). Values for the mean annu-
al air temperature, without a specified period of time as the related can not be correlated. Their use for
calculation could lead to considerable differences in derived estimates that may not be related to climate changes.
For example, the temperature calculated for the altitude of 2150 m (0.9 °C) (Hughes 2008) is for 0.7 °C lower
than the temperature calculated for the period 1961–1990 and much lower (1.3°C) than for period 1958–2010.

According to topographic map, the average altitude of snow and ice transition is 2150 m (Hughes 2007).
This altitude is actually the upper border of the glacier. The equilibrium line altitude (ELA) was determined
according to direct measurements made on the glacier, drillings in the firn, analyses of the longitudinal
section through the glacier and results of the performed qualitative analyses. The ELA is 58 m higher the
glacier tongue, at an approximate altitude of 2100 m a.s.l. With this correction, the ELA was reduced by
50 m to its true altitude.

The average value of snow accumulation available for glacier feeding that we calculated (5107 mm/yr)
suggests that the Debeli Namet glacier has a satisfactory amount of snow to retain its equilibrium balance.
The value we calculated is comparable to the theoretically obtained value of 5000mm of snow (Hughes 2008).
The short time reduction of the precipitation rate did not significantly affect the glacier size, and it com-
pensated for itself rapidly thereafter. The increase in precipitation rates by 44% in the 1980s in @abljak
led to 7353 mm of snow being fed to the Debeli Namet glacier in 1980s.
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According to lichenometric data, the outer part of the moraine was formed in approximately 1878 AD,
while its middle part was formed in 1904 AD. Because the interior moraine lacks lichen, it was formed
within the last 11 years as the result of either glacier stabilisation or glacier advancement (Hughes 2007). However,
the estimated age of lichens on the outer side of the moraine could represent the time since the moraine
remained without snow long enough to enable lichen colonies to be established. This was confirmed by
observing how long the snow cover lasted on the cirque. The highest parts of the moraine are covered with
snow 250 days annually. For the southern Balkans was established that since 1865th to 1984th was the high-
est precipitation in the period from 1875 to 1884 (Katsoulis and Kambetzidis 1989).

In this period, the moraine was covered with snow much longer than it had been in the last two decades.
Lichen colonisation was possible during longer periods of the absence of snow cover. The moraine expe-
rienced a long period of snow cover in 1981. The snow started to melt on the moraine in the middle of
August; the moraine had been covered with snow for approximately 300 days. Such micro-ecological changes
either slow down lichen growth or lead to their extirpation (Bradwell 2001). Dating of moraines of the
Sne`nik glacier (Bulgaria) gave higher values for its age (AD 330–610 and AD 1150–1270) (Grünewald
and Scheithauer 2010). Moraine material between the contemporary moraine and moraine IV in the cirque
(Figure 5) was not colonised by lichens. Thus, its age would coincide with the age of the inner moraine
in the Debeli Namet glacier. It has been determined that the inner moraine was generated within the last
11 years (Hughes 2007). Direct field observations suggest that little moraine material has accumulated
within the last 30 years (i.e., the moraine accumulated before 1981). Noted example confirms the uncer-
tainty of the data collected by lichenometric methods.

The nearest glacier to the Debeli Namet glacier is located in Albania in the Prokletije Mountains north-
east of the Maja e Kolacit summit (2490 m a.s.l.) (Milivojevi} et al. 2008; Hughes 2009).

The aerial extent of the Triglav glacier (Slovenia) varied from 1946–1973 from 0.11 to 0.17 km2

(Gams 1994) and was reduced to 0.03 km2 by the end of 1995 (Gabrovec 1998: Gabrovec and Zak{ek 2007;
Triglav ^ekada et al. 2011; 2012). Similar trend of steadily decreased area extent has been noted within
the three remained glaciers on Julian Alps (Tintor 1993) and at the Lednik pod Skuto (Slovenia) glacier
which has decreased in size from 2,8 ha in 1950 to 0,73 ha in 2003 ([ifrer 1976; Pav{ek 2004; Pav{ek 2007).

The Sne`nik glacier (Bulgaria), during the period of the smallest ice volume (September–November),
covered an area ranging from 0.4 to 1.3 ha. Observations since the 1980s suggest that these two glaciers
are relatively stable (Gachev 2009; Gachev et al. 2009). The thickness of the glacier in September 2006 was
7.8 m, 10.9 m and 11 m (Grünewald and Scheithauer 2008).

The Ghiacciaio del Calderone glacier in the central Apennines is west of the Debeli Namet glacier.
Its estimated mass balance (1920–1994) was permanently negative (except in late 1950s and early 1960s).
In 2000, the glacier split into two pieces (Dramis et al. 2002; D’Alessandro et al. 2003; Pecci 2006).

6 Conclusion
The Debeli Namet glacier is a small glacier located between an altitude range of 2050 and 2160–2170 m a.s.l.
and has an altitude difference between 110–120 m. The glacier covers an area of approximately 0.025 to
0.032 km2. The minimum ice thickness is 8 m. Although the ice thickness of the Debeli Namet glacier is
steadily shrinking, the glacier's aerial extent is not being reduced. The glacier has three sides surround-
ed by high ridges, which represent the avalanche drainage area for the additional feeding of ice. The average
annual rate of snow precipitation is approximately 5000 mm but occasionally exceeds 7000 mm. Through
these occasional large snowfall years, the negative influences caused by temperature increases are miti-
gated, and equilibrium is preserved. The Debeli Namet glacier did not significantly fluctuate in size within
the last 50 years, and it has become one of the largest glaciers in southern Europe.
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1 Uvod
Na viso kih gorah ju` ne Evro pe in {ir {e ga pro sto ra Medi te ra na so preu ~e ni {te vil ni sle do vi plei sto cen ske
gla cia ci je (Mes ser li 1967; Hug hes in Wood ward 2008). V ho lo ce nu so lede ni ki iz teh gora sko raj popol -
no ma izgi ni li (Mes ser li 1980; Grüne wald in Scheit ha uer 2010), preo sta li pa so pre cej manj {ih dimen zij
kot plei sto cen ski lede ni ki. Te lede ni ke odli ku je jo podob ne last no sti: so majh nih povr {in, nima jo raz vi -
tega lede ni{ ke ga jezi ka in pogo sto je {iri na ve~ ja kot dol ̀ i na. Opi sa ni so kot pire nej ski tip lede ni ka
(Mec cer li 1967). Preu ~e ni so v Pi re ne jih (Gro ve in Gel latly 1995; Gro ve 2004.), Sie ra Neva di, [pa ni ja (Gómez
in osta li 2003), Picos de Euro pa (González-True ba 2004), na Pri mor skih Alpah (Fe de ri ci in Ste fa ni ni 2001),
Ape ni nih (D'Ore fi ce in osta li 2000; Dra mis in osta li 2002; D'Ales san dro in osta li 2003; Pec ci 2006; Pec -
ci in osta li 2008), Slo ven skih Alpah ([i frer 1976; Gams 1994; Gabro vec 1998; Pav {ek 2007; Triglav ̂ ekada
in ostali 2012), na Dur mi tor ju (Dju ro vi} 1996, 1999, 2008; Hug hes 2007, 2008, 2010), na Pro kle ti jah (Mi -
li vo je vi} in osta li 2007; Hug hes, 2008) in na Piri nu (Grüne wald in osta li 2008; Gac hev 2009; Gac hev in
osta li 2009; Grüne wald in Scheit ha uer 2010). V mali lede ni dobi so na Dur mi tor ju, razen lede ni ka Debe li
namet obsta ja li {te vil ni majh ni lede ni ki, ki so poz ne je izgi ni li (Hug hes 2010).

Ti lede ni ki so le`a li na dosti manj {i vi{i ni, kot je vi{i na sodob ne rav no ve sne meje ELA (ang. equi li -
brium line alti tu de; Hug hes in Wood ward 2009). Majh ni gor ski lede ni ki hitro rea gi ra jo na pod neb ne
spre mem be na kon cu 20. in na za~et ku 21. sto let ja. Zara di dra ma ti~ nih spre memb in mo` no sti za nji ho -
vo popol no talje nje in izgi not je (Me ier in osta li 2003), so se za~e le {te vil ne, obse` ne in raz no vrst ne razi sko ve
teh lede ni kov. Rezul ta ti razi sko vanj lede ni ka Debe li namet pred stav lja jo pris pe vek k bolj {e mu razu me -
va nju ene ga naj ju` nej {ih in naj ni` jih lede ni kov ju` ne Evro pe.

Le de nik Debe li namet le`i v za hod nem delu Bal kan ske ga polo to ka, na gori Dur mi tor, ki pri pa da planin -
ske mu ven cu Dina ri di (sli ka 1). Gora je ve~i no ma sestav lje na iz kred nih kar bo nat nih kam nin in eocen ske ga
kar bo nat ne ga fli {a (Mir ko vi} 1983). Na njej domi ni ra sodob ni kra{ ki relief (Dju ro vi} 1996; 2010). V pleisto -
ce nu so bili na gori {te vil ni lede ni ki (Cvi ji} 1889; Milo je vi} 1937; Maro vi} in Mar ko vi} 1972; Dju ro vi} 1996;
2002; 2009), danes je na njej le eden.

Sli ka 1: Geo graf ski polo ̀ aj Dur mi tor ja in sodob nej {ih lede ni kov iz oko li ce.
Glej angle{ ki del pris pev ka.

2 Meto do lo gi ja
Preu ~e va nje lede ni ka Debe li Namet obse ga gla cio lo{ ke in geo mor fo lo{ ke razi ska ve ter ana li zo pod nebnih
ele men tov. Za obdob je pred nepo sred ni mi razi sko va nji je oprav lje na rekon struk ci ja veli ko sti lede ni ka na
pod la gi ana li ze aero fo to posnet ka.

Geo mor fo lo{ ka preu ~e va nja so zaje la kvan ti ta tiv no in kva li ta tiv no ana li zo relie fa. Kon~ ni rezul tat geo -
mor fo lo{ kih razi sko vanj je geo mor fo lo{ ka kar ta v me ri lu 1 : 25000 s sprem lja jo ~i mi zna ~il ni mi pro fi li.
Geo mor fo lo{ ka kar ta je zasno va na po genet skem prin ci pu, zato so vse obli ke in poja vi kla si fi ci ra ni po pre -
vla du jo ~em mor fo ge net skem pro ce su (Dju ro vi} in Men ko vi} 2004; Smith in osta li 2006; Bau mann in
osta li 2009).

Pri gla cio lo{ kih razi ska vah z na me nom mer je nja lede ni ka so upo rab lje ni geo lo{ ki kom pas (z na tan~ -
nost jo 1°), ro~ na GPS napra va, meril ni trak in laser ski dalji no mer. S pri mer ja njem rezul ta tov, dob lje nih
z GPS napra vo z re fe ren~ ni mi to~ ka mi na tere nu smo ugo to vi li napa ke, ki pre se ga jo mejo tole ran ce. Ver -
jet no do napak pri ha ja zara di viso kih gre be nov, ki obda ja jo lede nik in one mo go ~a jo kako vo sten spre jem
sig na la. ̂ e so bile zara di pogo stih meglic nad lede ni kom meri tve ve~ jih dol ̀ in z la ser skim dalji no me rom
nena tan~ ne, smo meri li s po mo~ jo meril ne ga tra ku in geo lo{ ke ga kom pa sa.

Za ugo tav lja nje spre memb dol ̀ i ne lede ni ka smo vzpo sta vi li refe ren~ no to~ ko na naj ni` jem delu ~elne
more ne, to je bli zu lede ni{ ke ga jezi ka ozi ro ma kon ca lede ni ka.

Pri rekon struk ci ji veli ko sti lede ni ka smo obrav na vanl aero fo to posnet ki iz raz li~ nih obdo bij: 1954,
1971 in 1981 v me ri lu 1 : 25.000. Sne ma li smo v prvi polo vi ci avgu sta. Med ana li zo aero fo to posnet kov
so upo rab lja ne meto de daljin ske detek ci je (Elac hi in Zyl 2006; Scho wen gerdt 2007).

Za dolo ~a nje meje sodob ne krni ce lede ni ka Debe li namet smo upo ra bi li aero fo to posnet ke v me ri lu
1 : 25.000. Te posnet ke smo upo ra bi li tudi za ugo tav lja nje meja dose ga sne` nih pla zov. Aero fo to posnet -
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ki so izka za li pre cej natan~ nej {i kot topo graf ske kar te v is tem meri lu. Povr {i ne smo izra ~u na li s stan dard -
ni mi foto gra me trij ski mi meto da mi, pro stor ni no lede ni ka pa z em pi ri~ nim obraz cem. Na pod la gi meri tev,
oprav lje nih na 63 le de ni kih, je ugo tov lje no raz mer je med povr {i no lede ni ka in nje go vo maso (Chen in
Ohmu ra 1990):

V = 28.5 S1.357

kjer je V pro stor ni na lede ni ka (km3), S pa nje go va povr {i na (km2).
Za ana li zo pod neb ja smo upo ra bi li podat ke meteo ro lo{ ke posta je @ab ljak za obdob je od 1958 do 2010,

za izra ~un nav pi~ ne ga tem pe ra tur ne ga gra dien ta pa podat ke meteo ro lo{ kih postaj @ab ljak (1450 m n. v.),
Pljev lja (784 m n. v.), Bije lo Polje (560 m n. v.) in Kola {in (943 m n. v.) za obdob je od 1961 do 1985. Linear -
ni kore la cij ski koe fi cient med vi{i na mi in tem pe ra tu ra mi zra ka izbra nih postaj je 0,95.

3 Dose da nja razi sko va nja
Prve naved be o le de nik na tej gori so s kon ca {est de se tih let pre te kle ga sto let ja (Ni cod 1968). V ok vi ru
kom plek snih geo mor fo lo{ kih razi sko vanj o vpli vu gla cial nih, peri gla cial nih in kra{ kih pro ce sov na nastanek
sodob ne ga relie fa Dur mi tor ja (Dju ro vi} 1996) so ned voum no ugo to vi li obstoj lede ni ka. Med polet jem
leta 1993 sta se z naj ve~ je ga dela lede ni ka oto pi la sneg in firn (Dju ro vi} 1996; 1999). V vbo ~e nem delu
lede ni ka so nasta li tri je manj {i vodo to ki glo bi ne oko li 1m in dol ̀ i ne od 50 do 70m. V iz bo ~e nem delu ledeni -
ka so bile raz kri te raz po ke {iro ke oko li 0,1 m in dol ge oko li 10 m, v ka te re je odte ka la voda z le de ni ka, ki je
pri tem obli ko va la tri osem me tr ske jame (Dju ro vi} 1996; 1999). Glo bi na jam je ena ka debe li ni ledenika.

Ce lot no povr {i no lede ni ka je pre kri va la plast dro bir ja debe li ne od 0,1 do 0,3 m, ki pred stav lja nav -
pi~ no mejo lede ni{ ke ga ledu ter fir na in sne ga. Avgu sta 1997 so z vr ta njem lede ni ka ponov no odkri li mej no
plast iz dro bir ja. Le`a la je pod 1 me ter debe lo plast jo fir na. Nji ho va dom ne va, da je tak {na debe li na lede -
ni ka in da dro bir ski mate rial pred stav lja skal no pod la go, na kate ri le`i lede nik, je napa~ na (Ve se li no vi}
in osta li 1997).

Po prvih razi ska vah je pri{ lo obdob je nje go ve ga inten ziv ne ga preu ~e va nja: oprav lje na je bila ana li za radi -
oak tiv no sti in vse bi ne te` kih kovin v ledu (Ve se li no vi} in osta li 1997) ugo tav lja li so narav ne in antro po ge ne
vpli ve jam in lede ni ka (Dju ro vi} 1999) ter led preu ~e va li z ra dio ke mij sko meto do, ime no va no γ-spek to me -
tri ja (137Cs izo top) in meri tve aktiv nost β (3H kon cen tra ci ja v LSC teh ni ki) (Kern 2006). Z li he no me trij sko
meto do so ugo to vi li sta rost more ne in meri li raz li~ ne mor fo me trij ske para me tre lede ni ka (Hug hes 2007).
Pri mer jal na ana li za moren na Dur mi tor ju in alu vial nih napla vin v oko li ci je izpo sta vi la napa ke, ki so nasta -
le ob pred hod nem dolo ~a nju sta ro sti sedi men tov (Dju ro vi} 2007). Ana li zi ran je bil vpliv ekstrem nih polet nih
tem pe ra tur za obdob je od 2003 do 2007 (Hug hes 2008) in bile so poda ne napo vedi za pre ̀ i vet je lede ni kov
v ju` ni Evro pi s sta li{ ~a regio nal nih pod neb nih spre memb (Grüne wald in Scheit ha uer 2010).

4 Sodob ne razi ska ve

4.1 Seda nje pod neb ne raz me re na Dur mi tor ju

Na Dur mi tor ju ni sta cio nar nih in stal nih meteo ro lo{ kih meri tev, zato teme lji opis sodob nih pod neb nih
raz mer na Dur mi tor ju na podat kih meteo ro lo{ ke posta je @ab ljak (1450mn.v.) za obdob je od 1958 do 2010.
Za ana li zo pada vin pa smo poleg podat kov z me teo ro lo{ ke posta je @ab ljak upo ra bi li podat ke iz osmih
pada vin skih postaj (na vi{i nah od 446 do 1280 m n. v.).

Sred nja let na tem pe ra tu ra zra ka v @ab lja ku v ob dob ju 1961–1990 je bila 4,7°C, v ce lot nem opa zovalnem
obdob jue (1958–2010) pa 5,3 °C. Do za~et ka 80-tih let pre te kle ga sto let ja je ime la sred nja let na tem pera -
tu ra zra ka v @ab lja ku trend upa da nja, potem pa postop ne ga in stal ne ga nara{ ~a nja. V zad njih dveh deset let jih
je zna ~i len trend nadalj nje ga povi {a nja tem pe ra tu re zra ka, ~eprav s po memb ni mi let ni mi odsto pa nji.

Sli ka 2: Pri mer jal na ana li za sred njih let nih tem pe ra tur zra ka na meteo ro lo{ kih posta jah @ab ljak (^rna Gora), Kre da ri ca (Slovenija) in Musala
(Bolgarija).
Glej angle{ ki del pris pev ka.
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Pri mer jal na ana li za sred njih let nih tem pe ra tur zra ka med meteo ro lo{ ki mi posta ja mi @ab ljak, Kre darica
(Tri glav ski lede nik, Julij ske Alpe, Slo ve ni ja, 2544 m n. v.) in Musa la (Rila, Bol ga ri ja, 2925 m n. v.) (No ̀ a -
rov 2008) ka`e enak trend, kar pona zar ja spre mem be regio nal ne ga zna ~a ja (sli ka 2).

Na @ab lja ku se let na koli ~i na pada vin spre mi nja, nji ho va pov pre~ na vred nost je 1450 mm (1958–1993).
Koli ~i na pada vin je v prvi vrsti odvi sna od pre~ ne ga polo ̀ a ja gore v raz mer ju do sme ri giba nja vla` nih zra~nih
gmot iz Sre do zem lja, zato je na jugo za hod nih pobo~ jih za oko li 60 do 70 % ve~ pada vin kot na seve ro vz hod -
nih (sli ka 3). Pre ra ~u na na let na koli ~i na pada vin za osred nji Dur mi tor (nad 2000 m n. v.) je oko li 2600 mm.

Sli ka 3: Izo hiet na kar ta Dur mi tor ja z me se~ no koli ~i no pada vin.
Glej angle{ ki del pris pev ka.

4.2 Geo mor fo lo{ ka razi ska ve

S ka ko vost no geo mor fo lo{ ko ana li zo (Dju ro vi} 2009) smo relief ne obli ke raz vr sti li gle de na na~in nastan -
ka: lede ni{ ke, kolu vial ne in kra{ ke (sli ki 4 in 5). Lede ni{ ke obli ke so v ob li ki more ne, kolu vial ne tvo ri jo
meli{ ~a in nasi pe, med kra{ ki mi pa so naj po go stej {e vrta ~e in {krap lje.

Sli ka 4: Geo mor fo lo{ ka kar ta Veli ke Kali ce.
Glej angle{ ki del pris pev ka.

Sli ka 5: Vzdol` ni pre rez sko zi plei sto cen sko krni ca Veli ka Kali ca.
Glej angle{ ki del pris pev ka.

Le de nik Debe li Namet le`i v naj vi{ jem delu plei sto cen ske krni ce Veli ka Kali ca (sli ka 6). V kr ni ci Velika
Kali ca je pet moren (Dju ro vi} 1996). Prve {ti ri so nasta le s suk ce siv nim umi ka njem plei sto cen ske ga lede -
ni ka, med tem ko je peta sodob na. Na pod la gi sekun dar ne ga kal cit ne ga cemen ta z U-se ri jo je sta rost more ne
IV. 10.605 ± 193 let, in sta rost more ne III. 9575 ± 836 let (Hug hes in Wood ward 2008).

Sli ka 6: Geo mor fo lo{ ka kar ta cir ka in lede ni ka Debe li namet.
Glej angle{ ki del pris pev ka.

Tako opre de lje na sodob na more na z dnom in stran mi ima povr {i no 5,6ha. Povr {i na dre na` ne ga obmo~ja,
s ka te re ga sne  ̀ne pada vi ne v ob li ki pla zov lah ko hra ni jo lede nik, je 14,4ha, kar je s po vr {i no lede ni ka skupaj 20ha.

Na more ni je opaz na vodo rav na in nav pi~ na asi me tri~ nost (sli ka 5) in na pod la gi {ib ke mor fo lo{ ke raz -
~le nje no sti in bar ve gra di va smo v mo re ni izlo ~i li tri nasi pi ne (Dju ro vi} 1993; Hug hes 2007). Dve ve~ ji nasi pi ni
sta na zuna nji stra ni bo~ nih moren, med tem ko jih v ~el nem delu more ne ni. Z li he no me trij sko meto do
so ugo to vi li, da so nasta le v le tih 1903 ozi ro ma 1887 (Hug hes 2007). Razen teh je na notran ji stra ni more -
ne {e seri ja manj {ih nasi pin, ki jih ne pora{ ~a jo li{a ji in zato skle pa jo, da so mlaj {e od 11 let (Hug hes 2007).

Z in ten ziv ni mi krio ge ni mi pro ce si so nasta le veli ke kolu vial ne obli ke: gra pe in meli{ ~a (sli ka 4). V tem
delu krni ce so pogo sti tudi podo ri, podor no gra di vo pa se nala ga ob desni bo~ ni more ni.

Na {ir {em pro sto ru lede ni ka pre vla du je jo vpli vi niz kih tem pe ra tur in sne ga, zato so kra{ ke obli ke pre -
cej red ke. Ven dar so na ve~ mestih v ne po sred ni bli ̀ i ni lede ni ka nasta le manj {e povr {i ne s {krap lja mi, ki
so dober indi ka tor za dolo ~a nje meje med krio ni va cij ski mi in kra{ ki mi pro ce si. Prva sku pi na {kra pelj je
na nav pi~ ni apnen ~a sti ska li nepo sred no nad lede ni kom in levo bo~ no more no. [krap lje ne se`e jo do konca
skal na te ga zidu, tem ve~ se kon ~u je jo 3 do 5 me trov nad levo bo~ no more no. Ta vi{i na je kva li ta tiv na meja
pre vla du jo ~e ga delo va nja geo morf nih pro ce sov: zgo raj pre vla du je jo kra{ ki, spo daj pa krio ni va cijski pro -
ce si. Dru ga sku pi na {kra pelj le`i na skal nih stop njah nad jugovz hod nim delom lede ni ka, v ka te re so vre za ne
pli tve {krap lje dol ̀ i ne do 2 m.

4.3 Gla cio lo{ ke razi ska ve

^e izha ja mo od splo {no spre je te opre de li tve, da kot lede nik razu me mo kom pakt no lede no maso, ki se
pre mi ka in je defor mi ra na zara di pre mi ka nja (UNESCO/IACH, 1970), lah ko Debe li Namet uvr sti mo med
sodob ne mikro le de ni ke, ne pa med sne` nike (Dju ro vi} 1996; Hug hes 2007).
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Na vzdol` nem pro fi lu lede ni ka lah ko izlo ~i mo tri dele: spod nji vbo ~e ni del (od lede ni{ ke ga ~ela do
90 m), izbo ~e ni del (90 do 120 m) in zgor nji izbo ~e ni del (120 m do 330 m).

Le de ni{ ki jezik ogra ju je jo ~el na in bo~ ne more ne (sli ka 7). Osred nji, vbo ~e ni del je naj bolj dina mi~en
del lede ni ka, zgor nji del je obmo~ je aku mu la ci je sne ga in nje go ve trans for ma ci je v le de ni{ ki led. Raz deljen
je na dva seg men ta. Jugo za hod ni seg ment je naj vi{ ji del lede ni ka, ki se kon ~a pod apnen ~a stim odse kom
gre be na Ple}a. Jugovz hod ni seg ment je {iro ka sne` no-firn ska gmo ta, ki le`i na skal nih stop njah pod gre -
be nom [lje me na. Ta del lede ni ka je izpo stav ljen veli kim let nim spre mem bam.

Sli ka 7: Lede nik Debe li namet 18. ok to bra 2006.
Glej angle{ ki del pris pev ka.

Med leto ma 1993 in 2010 se sneg in firn na povr{ ju lede ni ka nista sta li la. Okto bra 2008 smo vrta li v zgor -
njem vbo ~e nem delu lede ni ka in ugo to vi li, da je firn debel 6 m. Vrta nje smo pre ki ni li zara di teh ni~ nih
te`av.

Naj ni` ja lede ni{ ka to~ ka je na kon cu lede ni{ ke ga jezi ka na vi{i ni 2050m. Spre mem be vi{i ne smo dolo~a li
gle de na reper no to~ ko v osred njem delu ~el ne more ne. V opa zo val nem obdob ju je lede nik neneh no segal
do sodob ne ~el ne more ne, vodo rav na pre mi ka nja so bila v raz po nu 4–6 m, mini mal ni nav pi~ ni pre mi ki
pa v in ter va lu 2 m.

Naj vi{ je to~ ke lede ni ka ka`e jo pre cej ve~ je sezon ske spre mem be. Te so naj manj {e v ju go za hod nem delu
lede ni ka (nav pi~ no 5 do 10 m, vodo rav no pa oko li 20 m), pov pre~ no od 2160 do 2170 m n. v. Spre mem -
be v ju govz hod nem delu lede ni ka so ve~ je (nav pi~ no 20 do 30 m, vodo rav no pa oko li 70). Po dalj {i osi,
od naj ni` je to~ ke lede ni{ ke ga jezi ka do naj vi{ je to~ ke v ju go za hod nem delu, je lede nik dolg naj manj 320 m
in naj ve~ 350 m. Po kraj {i osi, od naj ni` je to~ ke lede ni{ ke ga jezi ka do naj vi{ je to~ ke v ju govz hod nem delu,
je lede nik dolg naj manj 260 m in naj ve~ 330 m. V zad njih dveh deset let jih so bile oprav lje ne ve~ krat ne
meri tve veli ko sti lede ni ka (pre gled ni ca 1).

Pre gled ni ca 1: Povr {i na in pro stor ni na lede ni ka Debe li namet.

leto po vr {i na pro stor ni na vir podat kov
lede ni ka (km2) lede ni ka (m3)

av gust 1954 0,022 160 500 Dju ro vi}, po aero fo to graf skih posnet kih Beo graj ske ga
Voj no-geo graf ske ga in{ti tu ta

av gust 1971 0,036 313 000 Dju ro vi}, po aero fo to graf skih posnet kih Beo graj ske ga
Voj no-geo graf ske ga in{ti tu ta

av gust 1981 0,043 398 500 Dju ro vi}, po aero fo to graf skih posnet kih Beo graj ske ga
Voj no-geo graf ske ga in{ti tu ta

7. av gust 1993 0,017 113 000 Dju ro vi}, 1996
6. av gust 1997 0,024 180 500 Dju ro vi}, neob jav lje no
2003 0,018 122 250 Hug hes, 2008
2005 0,041 373 500 Hug hes, 2008
2006 0,050 489 000 Hug hes, 2008
18. ok to ber 2006 0,029 233 500 Dju ro vi}, neob jav lje no
2007 0,037 325 000 Hug hes, 2008
25. sep tem ber 2008 0,034 289 750 Dju ro vi}, neob jav lje no
17. ok to ber 2009 0,026 201 250 Dju ro vi}, neob jav lje no
22. sep tem ber 2010 0,033 278 250 Dju ro vi}, neob jav lje no

Na lede ni ku nasta ja jo lede ni{ ke mize. Ena naj ve~ jih je nasta la leta 1993 pod skal nim blo kom, ki je meril
3 m v dol ̀ i no in 1 m v {i ri no (Dju ro vi} 1996). Nasled nje leto sta mizo pre kri va la firn in sneg. Mize so raz -
li~ nih veli ko sti, zad nja ve~ ja pa je bila opa ̀ e na 2010 (sli ka 8).

Sli ka 8: Lede ni{ ka miza 24. ok to bra 2010.
Glej angle{ ki del pris pev ka.

Le de nik Debe li namet hra ni sneg, ki se izlo ~i nepo sred no na povr {i no krni ce, sneg, ki ga pri ne se jo sne` -
ni pla zo vi, kakor tudi sneg, ki ga pri ne se veter.
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Na posta ji @ab ljak pade v me se cih, ki ima jo nega tiv no sred njo mese~ no tem pe ra tu ro zra ka (no vem -
ber–april) 55 % let ne koli ~i ne pada vin. To pome ni, da se v ob li ki sne ga izlo ~i 1430 mm. Skup no koli ~i no
sne ga na dre na` nem pro sto ru sne` nih pla zov smo izra ~u na li z mno ̀ e njem povr {i ne dre na` ne ga pro sto -
ra sne` nih pla zov (0,144 km2) in let ne koli ~i ne pada vin v ob li ki sne ga (1430 mm), ki smo jo deli li s po vr {i no
cir ka (0,056 km2) in dobi li vred nost 3677 mm. Sku paj s ko li ~i no sne ga, ki se nepo sred no izlo ~i v kr ni co,
dobi mo 5107 mm sne ga, ki let no hra ni lede nik.

Sprem lja nje hitro sti pre mi ka nja lede ni ka z re per ji smo za~e li leta 2009 tako, da kon~ ne rezul ta ti {ele
pri ~a ku je mo. Na pod la gi dolo ~e nih kazal cev je mogo ~e prib li` no ugo to vi ti hitrost pre mi ka nja lede ni ka.
Apnen ~a sti blok, ki je 1993 gra dil lede ni{ ko mizo, je smo ponov no opa zi li na ~elu more ne 16. ok to bra 2006.
V tem obdobju skalni blok ni bil izpostavljen na povr{ju in je bil pokrit z ledom oziroma snegom, zato
je hitrost njegovega premikanja enaka hitrosti premikanja ledenika. Sicer ne more mo z go to vost jo trdi -
ti, da je blok pri {el do ~ela more ne leta 2006, ker je bila v pred hod nih letih debe li na lede ni{ ke ga jezi ka
ve~ ja za prib li` no 2 m. Blok se je v ob dob ju 13 let pre mak nil za oko li 150 m, kar pome ni, da se je lede nik
pre mi kal z mi ni mal no hitrost jo oko li 11 m let no. Na pod la gi hitro sti pre mi ka nja lede ni ka in dejs tva, da
ne pri ha ja do umi ka nja ali napre do va nja lede ni ka ter da je nje go va mak si mal na dol ̀ i na 350 m, smo ugo -
to vi li, da je tre ba ve~ kot 30 let, da se lede na gmo ta Debe le ga name ta popol no ma obno vi.

4.4 Rezul ta ti rekon struk ci je lede ni ka

Ve li kost lede ni ka smo za obdob je pred nepo sred ni mi teren ski mi opa zo va nji rekon strui ra li z upo ra bo aero -
fo to posnet kov (sli ka 9). Sne ma nja smo izva ja li v prvi polo vi ci avgu sta, tako da posnet ki pona zar ja jo sre di no
obdob ja abla ci je, ne pa nje go ve ga kon ca. Kljub temu posnet ki ponu ja jo pomemb ne infor ma ci je o spre -
mem bah veli ko sti lede ni ka.

Sli ka 9: Aero fo to graf ski posnet ki lede ni ka Debe li namet (Ar hiv beo graj ske ga Voj no-geo graf ske ga insti tu ta).
Glej angle{ ki del pris pev ka.

Tre nut na veli kost lede ni ka na kon cu obdob ja abla ci je (no vem ber) ustre za veli ko sti lede ni ka iz avgu -
sta 1954. Avgu sta 1971 in 1981 je bil lede nik ve~ ji od pov pre~ ne veli ko sti lede ni ka sre di obdob ja abla ci je
v zad njem deset let ju.

Leta 1953 so sne` ne pada vi ne zna {a le le 43 % pada vin pov pre~ ne let ne koli ~i ne (1450 mm). Pomemb -
no zmanj {a nje koli ~i ne pada vin v pred hod nem letu je sprem lja lo povi {a nje tem pe ra tu re zra ka leta 1954.
Posle di ca je bilo zmanj {a nje povr {i ne lede ni ka in sosed njih sne` nih plo skev. V ob dob ju od sre di ne 70-ih do
sre di ne 80-ih let se je pomemb no pove ~a la koli ~i na pada vin tem pe ra tu re zra ka pa se je zni ̀ a la, zara di ~esar
se je pove ~a la povr {i na lede ni ka in oko li{ kih sne` nih plo skev (sli ka 10).

Sli ka 10: Lede nik Debe li namet na kon cu obdob ja abla ci je sep tem bra 1981.
Glej angle{ ki del pris pev ka.

5 Disku si ja
Do se da nje razi ska ve so pri ved le do dolo ~e nih raz lik v {te vil~ nih podat kih o po lo ̀ a ju in veli ko sti lede ni -
ka, ki nas lah ko pri pe lje jo do raz li~ nih skle panj o di na mi ki lede ni ka Debe li namet. Ob prvih meri tvah
lede ni ka (Dju ro vi} 1996; 1999) je ugo tov lje na vi{i na naj ni` je to~ ke lede ni ka 2050 m n. v. Poz ne je je bila
dolo ~e na vi{in ska cona, na kate ri le`i lede nik, in sicer na oko li 2100–2200 m n. v. (Hug hes 2007) ozi ro -
ma med 2050 in 2300 m n. v. (Hug hes 2008; 2009) in med 2000 in 2200 m n. v. (Hug hes 2010). Raz li~ ne
vred no sti nad mor skih vi{in nas nape lju je jo k skle pa nju, da se lede nik v raz li~ nih ~asih pre mi ka na raz li~ -
ne vi{i ne. Prav tako so opre de li li tudi raz li~ no vi{in sko raz vi tost lede ni ka od 100 m do 200 m ozi ro ma 250 m
(Hug hes 2007; 2008; 2010). Po na{ih ugo to vi tvah, se naj ni` ja to~ ka lede ni ka na kon cu lede ni{ ke ga jezi -
ka od sre de 20. sto let ja (za prej{ nje obdob je ni podat kov) pre mi ka la v za ne mar lji vo majh nem nav pi~ nem
inter va lu: 2 m. To pome ni, da je bila naj ni` ja to~ ka lede ni ka v ob dob ju, dalj {em od pol sto let ja, na vi{i ni
oko li 2050 m n. v. Naj vi{ ja to~ ka lede ni ka je izra zi te je niha la in je bila pov pre~ no med 2160 in 2170 m n. v.
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Na pod la gi teh dveh para me trov lah ko ugo to vi mo, da lede nik Debe li namet le`i v vi {in ski coni med 2050
in 2160–2170 m, je vi{in sko raz vit med 110 in 120 m in je dolg med 320 in 350 m.

Po vr {i na lede ni ka je zme raj pred stav lje na kot se{te vek povr {i ne lede ni{ ke ga ledu in sne` no-firn ske -
ga obmo~ ja. Naj ve~ jo povr {i no lede ni ka smo dolo ~i li s po vr {i no dna in stra ni sodob ne krni ce, ki zna {a
0,056 km2. To povr {i no lede nik dose ̀ e na kon cu obdob ja aku mu la ci je (no vem ber–april). V ob dob ju abla -
ci je (maj–ok to ber) se zara di talje nja obod nih delov lede ni ka zmanj {a ta nje go va povr {i na in debe li na.

Za leti 2005 (0,05 km2) in 2006 (0,041 km2) je Hug hes (2007; 2008) izra ~u nal, da povr {i na lede ni ka
obse ga 91 % ozi ro ma 73 % povr {i ne lede ni ka na za~et ku abla cij ske dobe. Toda na{e meri tve in opa zo vanja
z 18. 10. 2006 so poda le povsem dru ga~ ne podat ke o ve li ko sti lede ni ka na kon cu abla cij ske dobe (pre gledni -
ca 1). Ker v na ve de nem obdob ju nismo zasle di li pomemb nej {ih spre memb tem pe ra tur zra ka in koli ~i ne
pada vin, ki bi lah ko vpli va le na tako opaz no pove ~a nje veli ko sti lede ni ka, skle pa mo, da zgoraj ome nje ne
meri tve ne daje jo real ne podo be veli ko sti lede ni ka v le tih 2005 in 2006.

Tudi objav lje ni rezul ta ti o pod neb ja kot enem pomemb nih vpliv nih dejav ni kov lede ni ka Debe li
namet se raz li ku je jo. Sred nje let ne tem pe ra tu re zra ka za @ab ljak so po raz li~ nih virih: 0 °C (Ce ro vi}, 1986;
Hughes, 2007), 4,7 °C (1961–1990) (Dju ro vi} 1996), 5,1 °C (]uri} 1986; Hug hes 2008; 2010) in 53 °C
(1958–2010). Ker sred njih let nih tem pe ra tur zra ka brez natan~ ne ga ~asov ne ga obdob ja, na kate re ga se
nana {a jo, ne more mo pri mer ja ti, pri ve de nji ho va upo ra ba v ra ~u nih do pre cej{ njih raz lik, ki pa niso posle -
di ca pod neb nih spre memb. Tako je na pod la gi neka te rih virov (Hug hes 2008) pre ra ~u na na tem pe ra tu ra
za vi{i no 2150m 0,9°C za 0,7°C ni` ja od pov pre~ ne tem pe ra tu re za obdob je 1961–1990 ter ni` ja celo za 1,3°C
za pov pre~ no tem pe ra tu ro v ob dob ju 1958–2010.

Sred nja vi{i na pre ho da med sne gom in ledom, oce nje na na pod la gi topo graf ske kar te 1 : 25 000, naj
bi bila na vi{i ni 2150 m (Hug hes 2007). Ta vi{i na je v real nem pro sto ru zgor nja meja lede ni ka. Na pod -
la gi nepo sred nih meri tev na lede ni ku, vrta nja fir na, ana li ze vzdol` ne ga pro fi la lede ni ka in kva li ta tiv ne
ana li ze lede ni ka je bila dolo ~e na vi{in ska rav no ve sna meja (ELA), ki je 58 m nad lede ni{ kim jezi kom in
le`i na oko li 2100 m n. v. S to korek ci jo je ELA zni ̀ a na za 50 m gle de na nje no real no vi{i no.

Izra ~u na na pov pre~ na vred nost 5107 mm let ne koli ~i ne sne ga, ki hra ni lede nik, ka`e, da dobi lede -
nik Debe li namet zadost no koli ~i no sne ga za vzdr ̀ e va nje rav no ve sne bilan ce lede ni ka. Dob lje na vred nost
se uje ma s teo re ti~ nim izra ~u nom – 5000 mm sne ga (Hu ges 2008). Krat ko ro~ no zmanj {a nje koli ~i ne pada -
vin ne more bis tve no vpli va ti na veli kost lede ni ka, ker lah ko pada vi ne zmanj {a nje zelo hitro nado me sti jo.
^e v od stot kih izra ̀ e no pove ~a nje koli ~i ne pada vin (44 %), ki smo ga izme ri li v osem de se tih letih pre te -
kle ga sto let ja v @ab lja ku, pre ne se mo na pro stor Debe le ga name ta, dobi mo 7353 mm sne ga, ki je v tem
~asu let no hra nil lede nik.

Na pod la gi lihi no me trij skih razi sko vanj so ugo to vi li, da naj bi zuna nji del more ne nastal oko li 1878 AD,
osred nji pa leta 1904. Notra nja more na je brez li{a jev, kar naj bi pome ni lo, da je nasta la v zad njih 11 le tih
kot odgo vor na sta bi li za ci jo ali napre do va nje lede ni ka (Hu ges 2007). Ugo tav lja mo, da sta rost li{a jev na
zuna nji stra ni more ne ne more nuj no naka zo va ti ~asa nastan ka more ne. Poka ̀ e lah ko ~as, ko je bila more -
na dovolj dol go brez sne` ne ode je ozi ro ma pove, kdaj so bili ustvar je ne raz me re za kolo ni za ci jo li{a jev. Dokaz
za to so opa zo va nja tra ja nja sne` ne ode je v kr ni ci. Naj vi{ je dele more ne sneg pok vi ra ve~ kot 250 dni let -
no. Na ju` nem Bal ka nu je bilo v ob dob ju od 1865 do 1984 naj ve~ pada vin med leto ma 1875 in 1884 (Kat sou lis
in Kam bet zi dis 1989). Takrat je sneg more no pre kri val pre cej dlje kot v zad njih dveh deset let jih. Li{a ji so
se lah ko nase li li {ele kasne je, ko se je podalj {a lo obdob je brez sne` ne ode je. Kot primer izjem no dol ge ga
obdob ja pokri to sti more ne s sne gom je leto 1981, ko se sneg na more ni ni dokon~ no sta lil do sre de avgusta.
To pome ni, da je sneg more no pre kri val oko li 300 dni. Tak {ne mikroe ko lo{ ke spre mem be pri pe lje jo ne
le do upo ~as nje ne rasti li{a jev, tem ve~ tudi do nji ho ve ga izgi not ja (Brad well 2001). Dati ra nje sta ro sti morene
sodob ne ga lede ni ka Sne` nik v Bol ga ri ji je dalo pre cej ve~ jo sta rost: AD 330–610 in AD 1150–1270 (Grüne -
wald in Scheit ha uer, 2010). Moren sko gra di vo, ki le`i med sodob no more no in more no IV. v kr ni ci Veli ka
Kali ca (sli ka 5), ni kolo ni zi ra no z li {a ji. Nje go va sta rost bi ustre za la sta ro sti notra nje more ne Debe le ga
name ta, za kate ro je ugo tov lje no, da naj bi se obli ko va la v zad njih 11 le tih (Hug hes 2007). Na pod la gi nepo -
sred nih razi skav pa smo ugo to vi li, da v zad njih 30 le tih ni bilo aku mu la ci je moren ske ga gra di va ozi ro ma
da je gra di vo sta rej {i od leta 1981. Nave de ni pri me ri potr ju je jo dvom, da je z li he no me trij sko meto do ugo -
tov lje na sta rost pra vil no dolo ~e na ozi ro ma je dala bis tve no mlaj {i ~as nastan ka more ne od resni~ ne ga.

Debelemu nametu je najbližji ledenik v albanskem delu Prokletij, severovzhodno od vrha Maja e Kolacit
(2490 m n.v) (Milivojevi} in ostali 2008; Hughes 2009). Povr{ina Triglavskega ledenika (Slovenija) je
v obdobju 1946–1973 nihala med 0,11 in 0,17 km2 (Gams 1994) in se je zmanj{ala na 0,03 km2 ob koncu 1995
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(Gabrovec 1998; Gabrovec in Zak{ek 2007; Gabrovec in drugi 2007; Triglav ̂ ekada in ostali 2011). Podoben
trend zmanj{evanja povr{ine ka`ejo tudi ostali trije ledeniki v Julijskih Alpah (Tintor 1993), kakor tudi ledenik
pod Skuto (Slovenija), ki ima stalni trend zmanj{evanja povr{ine, in sicer od 2,8 ha med letom 1950, do
0,73 ha med letom 2003 (Šifrer 1976; Pav~ek 2004; 2007).

Ledenik Sne`nik (Bolgarija) v obdobju z najmanj{o prostornino ledu (september–november) ima
povr{ino med 0,4 in 1,3 ha. Nenehno spremljanje ledenika od srede 80-tih let preteklega stoletja ka`e na
njihovo relativno stabilnost (Gachev 2009; Gachev in ostali 2009). Debelina ledenika je bila septembra 2006
7,8 m, 10,9 m in 11 m (Grunewald in Scheithauer 2008).

Zahodno od ledenika Debeli namet le`i ledenik Ghiacciaio del Calderone v osrednjem delu Apeninov.
Rekonstruirana mas balanca (1920 do 1994) je bila nepretrgoma negativna (razen ob koncu 1950-ih in
v ~asu zgodnjih 1960-ih let). Ledenik je doživel najve~jo spremembo na za~etku 21. stoletja, ker se je leta 2000
razdelil na dva dela (Dramis in ostali 2002; D’Alessandro in ostali 2003; Pecci 2006).

6 Sklep
Lede nik Debe li namet le`i v vi {in ski coni od 2050 do 2160/2170 m n. v., ozi ro ma ima vi{in sko raz vi tost
od 110 do 120 m ter povr {i no od 0,025 do 0,032 km2. Mini mal na debe li na ledu je 8 m. Opa ̀ a mo zmanj -
{e va nje debe li ne ledu, ne pa tudi zmanj {eva nja nje go ve povr {i ne. Lede nik s treh stra ni obda ja jo viso ki gre be ni,
ki pred stav lja jo dre na` ni pro stor sne` nih pla zov, ki hra ni jo lede nik. Pris pev no obmo~ je lede ni ka pov pre~ -
no let no dobi oko li 5000 mm pada vin v obli ki sne ga, v po sa mez nih letih pa tudi ~ez 7000 mm. Vi{ ki
nado me sti jo nega ti ven vpliv povi {a ne tem pe ra tu re zra ka in omo go ~a jo vzdr ̀ e va nje rav no ve sne ga sta nja
lede ni ka. Zato lede nik Debe li Namet v zad njih 50 le tih ni utr pel pomemb nej {ih spre memb veli ko sti in
je postal eden naj ve~ jih lede ni kov ju` ne Evro pe.

7 Zah va la
Av tor se zah va lju je vsem kole gom, ki so mu v zad njih 20 le tih poma ga li pri razi sko va nju Dur mi tor ja.

8 Lite ra tu ra
Glej angle{ ki del pris pev ka.
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