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Introduction

ΛConsidering the importance of glacial cirque landforms, 
identifying and mapping the distribution of the cirques with an 
analysis of their quantitative features isa very important.

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

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

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

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



General data about the ĢaraMountain

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

ΛWithin the natural borders, it covers an area of 1670 km 2 of which 
840 km2, or nearly half, belongs to North Macedonia.

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

ΛMean height: 1560 m.

ΛMean slope: 24.7 °.

Λ75 km long in NE -SSW-S direction.

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

ΛAlmost all types of landforms/landscapes are present.



Table 1 -2. 

Comparative 

morphometry of 

ĢaraMountain 

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

isarcuate in plan -view 

around a more gently -

sloping floor. It is 

considered as glacial if 

its floor has been 

affected by glacial

erosion.



Methodology

ΛIdentification of the cirques on the Macedonian part of Ģara
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). 

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

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

ΛAfter 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 ĢaraMt. in SAGA GIS.


