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Introduction

› Considering the importance of glacial cirque landforms, 
identifying and mapping the distribution of the cirques with an 
analysis of their quantitative features is a very important.

› Aside from fieldwork, this can be made with analysis of digital 
elevation/terrain models. 

› Despite that most of the attention in the geomorphological 
studies of Šara Mountain were dedicated to its glacial landscape, 
a systematic and quantitative analysis of the glacial landforms is 
still missing.

› Besides, all data for the Macedonian part of the mountain are still 
based on research performed at the beginning of the 20th 
century. 

› Therefore, additional research was made using the GIS tools with 
special emphasis on the geomorphometric analysis of the cirques.



General data about the Šara Mountain

› Šara Mt. is the second highest mountain in North Macedonia (2747 
m), after Korab Mt. (2753 m).

› Within the natural borders, it covers an area of 1670 km2 of which 
840 km2, or nearly half, belongs to North Macedonia.

› This SSW-NNE trending range is about 80 km long, and is part of the 
Dinaric-Hellenic mountain belt. 

› Mean height: 1560 m.

› Mean slope: 24.7°.

› 75 km long in NE-SSW-S direction.

› About 170 peaks higher than 2000 m, of which 41 peaks are higher 
than 2500 m and 12 peaks are higher than 2600 m.

› Almost all types of landforms/landscapes are present.



Table 1-2. 

Comparative 

morphometry of 

Šara Mountain 

and other high 

mountains in 

Macedonia.

Starting point: As 

defined by Evans and 

Cox (1974), a cirque is a 

hollow, open 

downstream but 

bounded upstream by

the crest of a steep

slope (headwall) which

is arcuate in plan-view 

around a more gently-

sloping floor. It is 

considered as glacial if 

its floor has been 

affected by glacial

erosion.



Methodology

› Identification of the cirques on the Macedonian part of Šara
Mountain by visual inspection using 5-m DEM of the Agency of 
Real Estate and Cadaster of North Macedonia (ARECNM) and 
0.5 m ortophoto imagery (3D view of the mountain terrain in 
SAGA GIS, Global Mapper and MicroDEM software). 

› Additionally, 3D terrain visualization of Google Earth Pro is used 
which helps the identification and delineation of cirques and U-
shaped valleys. 

› The accuracy of the cirques identification was verified on 15 
test sites (cirques) in field during 2017-2021. 

› After identification, delineation, and vectorization of the cirque 
borders and elements, SAGA GIS and MicroDEM is used for their 
detailed geomorphometric analyses, including size, altitude, 
slope, and aspect.



Fig. 2. Different efforts for semi-automatic delineation of the cirques on the Šara Mt. in SAGA GIS.



Example of 3D visualization and visual identification of the cirques using 5-m DEM and 0.5-m satellite imagery.



Fig. 2-4. Identification of the cirques and cirque 

elements on the Macedonian part of Šara Mt. by 

2D and 3D visual inspection using 5-m DEM, 25k 

topo map and ortophoto in Global Mapper v.21 

software. 



Table 3.

Morphometric 

data for the 

identified 

cirques on the 

Šara Mountain.

Fig. 5-7. Photos 

of some of the 

cirques on the 

Šara Mountain.



Results

› Out of 100 potential cirques, 55 were identified as typical 
glacial cirques, and the rest (40) were classified as nivation 
hollows. 

› Most of the identified glacial cirques occur in the upper parts 
of the Pena catchment and its tributaries (a total of 16 
cirques), as well as in the upper parts of Bogovinska River (15 
cirques). 

› With careful inspection, additional 40 nivation hollows 
(cirques) are identified so far, as well as 28 U-shaped valleys. 

› After identification, delineation, and vectorization of the 
cirques, SAGA GIS software is used for their detailed 
geomorphometric analyses, including size, altitude, slope, 
and aspect.



Cirque aspect is given as median axis aspect, 

cirque length (L) as the length of the median 

axis, cirque width (W) as the longest line 

perpendicular to the median axis, cirque height 

(H) as the vertical distance between the lowest 

and highest point within the cirque boundaries, 
cirque size as the cube root of volume (3√𝐿 × 𝑊
× 𝐻), and cirque floor altitude as the modal 

floor altitude.

Fig. 8-9. For 

every cirque, 

number of 

profiles are 

made.



Fig. 10. Map of the glacial cirques and nivation hollows on 

the Macedonian side of Šara Mountain with the highest

cirques around Titov Vrv (2747 m).

Fig. 11. 

Cirques (up) 

and trough 

(bottom) of 

Crno Ezero

Lake in the 

upper part of 

Mazdrača

Valley on Shar 

Mountain.



Fig. 11. Elevation (m a.s.l.) of the lowest and 

highest point of the cirques as well as the mean 

altitude (red dot) of the 55 glacial cirques in the 

Šara Mt. in North Macedonia, from the highest 

to the lowest one.

Fig. 12. Cirque size (as a ∛(L×W×H)) vs mean 

elevation of the 55 glacial cirques in the Šara

Mountain in North Macedonia with the trend line.

Table 4. The average size of glacial cirques of Šara
Mountain, by elevation: W cirques width (km), L cirques 

length (km), L1 cirque ridge (crest) length (km), A area of 

the cirque (km2), Min - the lowest point of the cirque floor 

(m), Max - the highest point of the cirques (m), H height

of the cirque (m), Avg – Mean elevation of the cirques

(m).



Fig. 13. Average slope of the 55 glacial cirques in the 

Šara Mt.

Fig. 14. The number of cirques on Šara Mt. in

regard to the dominant aspects.

Table 5. The average size of glacial cirques of Šara Mt. in relation to aspects: W cirques width 

(km), L cirques length (km), L1 cirque ridge (crest) length (km), A area of the cirque (km2), 

Min - the lowest point of the cirque floor (m, a.s.l.), Max - the highest point of the cirque (m, 

a.s.l.), H height of the cirque (m), Avg – Mean elevation of the cirques (m, a.s.l.).



Conclusions
› In terms of glacial landscape, Šara Mountain has the most spectacular 

glacial landscape in North Macedonia. 

› In this study 55 glacial cirques, 40 nivation hollows and 28 glacial valleys 

have been identified primarily by careful visual inspection of the 5-m 

DEM and 0.5-m ortophoto imagery. 

› For the identification and general geomorphometric analyses of the 

cirques, 5-30 m DEM is sufficient.

› However, for the more detailed feature identification and analysis 

(cirque floor, moraines etc.), 1-m DEM is more suitable (especially LiDAR 

or UAV based).

› For now, the most reliable way for cirque identification is with manual 

inspection of the digital elevation models, ortophoto and fine-scale 

topo maps (we try number of attempts with geomorphometrical tools 

without acceptable accuracy). 



Conclusions
› Geomorphometrical analyses of the cirques can significantly help in 

explaining of the formation and evolution of the glacial landscape. 

› Most of the cirques are located between 2100 m and 2500 m a.s.l., with E, 

N, and NE aspect, steep headwalls and almost flat floors. 

› Generally, cirque elevations rise southward. 

› The morphometric analysis of the cirques showed that most of the cirques 

are well developed. The wide and open cirques together with deep and 

stepped glacial valleys with several thresholds might suggest that glacial 

erosion during the most extended glacial phases was displaced from the 

cirques down valley. 

› The development stage of the cirques may refer to more dynamic cirque 

glaciers in the deeper, better developed cirques and less dynamic and/or 

shorter- lived glaciers in the poorly developed ones. However, the lithology, 

as well as the pre-glacial topography are important determinants also. 



Fig. 16. 5-m DEM of the ARECNM (left) vs. 0.1-

m UAV DEM (right) of the part of Skakalo

cirque. On the UAV-DEM very small details of 

the moraines in the bottom of the cirque can 

be identified and analyzed. 



Bogovinje glacial Lake in trough and

complex polycyclic mega cirque

Cirques, moraines and rock glacier east of Bakardan

U – shaped valley of Slapska River
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