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Abstract: The periodicity of a river expressed in 
cycles of various lengths (monthly, seasonal, 
multiannual) is a result of climatic factors and 
overlapping environmental conditions within its 
catchment. In uncontrolled or poorly surveyed 
catchments, it is very difficult to determine the 
duration of a stream’s hydrological activity. This is 
especially relevant for catchments with complicated 
water circulation in karstic rocks. The present study 
concerns the small catchment of the Strążyski Potok 
river located in the area of the Tatra National Park, in 
the Western Tatras. The observation period covered 
the 2015 hydrological year, which differed 
hydrologically from average conditions. This study 
aims to develop a simple method to explain the 
processes shaping the mountain stream discharge 
periodicity. The research employed periodic field 
observations linked with climatic and non-climatic 
factors. Environmental conditions were assessed as 
four classes reflecting their influence on appearance 
or disappearance of mountain stream water. Class 
boundaries were the values of quartiles. The degree of 
correspondence between environmental factors and 
stream field observations was described via the Index 
DC (Degree Correspondence Index) approach. 
Complete correspondence (Index DC =0) was found 

in 23% catchments, a weak relationship between 
conditions favouring discharge and actual condition 
(Index DC= -1, +1) was noted within 11 catchments, 
while in 9 catchments, no such relationship was found 
(Index DC = -2, +2). The obtained results indicate a 
correspondence or lack thereof between the 
environmental potential of the catchment and its 
discharge periodicity. The discrepancies between the 
assessment of the influence of climatic and non-
climatic factors and the data collected during field 
observations provide a basis for more detailed studies. 
Continuation of these studies based on the proposed 
classifications will allow for a more complete 
explanation of water disappearance in river channels 
and the determination of their short- and long-term 
discharge periodicity. 
 
Keywords: Discharge periodicity; Small mountain 
catchment; Tatra Mountains; Environmental analysis 

1    Introduction  

The discharge periodicity of rivers is affected by a 
number of factors. The most important include 
climatic factors, geological (among others, infiltration 
properties of rocks) and tectonic conditions, 
overlapping primary features of land relief and 
human activity. Studies to date evidence that more 
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than 30% of the total length of rivers on earth may be 
intermittent (Datry et al. 2014). Because many 
streams are not subject to continuous monitoring, in 
reality, this value may even exceed 50%. In many 
regions, meteorological droughts recorded in recent 
years have brought about a change in the character of 
streams from perennial - to intermittent, or even 
episodic (Spinoni et al. 2015; Dorney and Russell 
2018; Sauquet et al. 2020; Shanafield et al. 2021). 
This particularly concerns areas of the Temperate 
Zone that are have been formerly subject to 
melioration works and high withdrawal of 
groundwaters and surface waters for economic 
purposes, as well as areas that have experienced 
transformations of spatial management. 

In addition to areas intensively used by man, 
changes in the discharge periodicity of rivers are also 
evident in mountain catchments. The observed 
phenomenon is confirmed by numerous studies, 
analysing, among others, the dynamics of occurrence 
of low flows or the effect of different processes and 
phenomena on transformations of the hydrological 
regime (Holko et al. 2009; Peña-Gallardo et al. 2019). 
Analyses (particularly those concerning the 
precipitation-runoff dependency) employ both 
simulation (Peters et al. 2003; Pociask-Karteczka et al. 
2010; Karabová et al. 2012; Madzia et al. 2013; 
Górnik et al. 2017; Jensen et al. 2018) and 
experimental methods in the scope of field research 
(Penna et al. 2014). It should be remembered, 
however, that the discharge periodicity of rivers is not 
a constant element – it changes in an annual and 
multi-annual cycle (Li et al. 2014; Rutkowska et al. 
2018). 

Small mountain catchments are a model area of 
research for explaining the processes that bring about 
changes in water circulation (Colson et al. 2008; 
Broxton et al. 2009; Robredo Sánchez et al. 2012; 
Ragettli et al. 2017; Latron and Lana-Renault 2018; 
Zuecco et al. 2018; Guastini et al. 2019; Costache et al. 
2020). In mountainous areas, the high climatic factor 
dynamics induce quick reactions within water courses 
that is expressed by flash floods, deep low flows, and 
often complete drying up of stream beds. Indeed, lack 
of stability and continuity of flow in streams 
(discharge periodicity) is a phenomena commonly 
occurring in mountainous regions, particularly in 
karst areas. Knowledge of the factors causing 
discharge periodicity, as well as the environmental 
elements influencing it, is important for recognizing 

the dynamics of water resources in source areas that 
give rise to rivers forming major river systems (Sando 
and Blasch 2015; Villines et al. 2015; Costigan et al. 
2016; Robinson et al. 2016; Martin et al. 2021). 
Frequent disappearances of water in riverbeds also 
disrupt river continuity. Widely available sources of 
information on this phenomenon are topographic or 
thematic maps, e.g., hydrographic and 
hydrogeological maps and/or the results of direct field 
observations (Chorley and Dale 1972; Fritz et al. 2013; 
Williamson et al. 2015; Paillex et al. 2020). However, 
the streams marked on the maps document only the 
averaged state or observations from the mapping 
period, and in reality, the discharge periodicity is a 
result of overlapping climatic factors and catchment 
environmental conditions. In addition to 
anthropogenic factors, climatic factors are therefore 
most likely to determine the change in periodicity of 
streams. Hence, the representation of this situation 
on maps issued in different periods differs. In 
addition, it lacks information on the nature of 
discharge periodicity. 

The objective of this paper is the determination 
of the discharge periodicity of a mountain river 
system through the assessment of the effect of 
selected non-climatic (infiltration properties of rocks, 
land slope, forest cover) and climatic environmental 
factors (precipitation, temperature) on shaping runoff 
from the catchment. As a research area, the small 
mountain catchment of the Strążyski Potok river was 
selected. This is characterised by a negligible impact 
of anthropogenic factors (it is within a long 
established national park). It could be therefore 
assumed that all conclusions result only from the 
relationship between flow instability and natural 
factors. 

2    Study Area 

The catchment of the Strążyski Potok (SP), 
occupying 502.5 ha, is located in southern Poland in 
the range of the Tatra Mountains (Carpathians 
Mountains) (Fig. 1), within the boundaries of the 
Tatra Mountains National Park. The fluvial system of 
the catchment comprises the main river SP, its largest 
tributary (in catchment no. 9), and several tens of 
nameless tributaries that were assigned topographic 
names and numbers (Table 1). The hydrographic 
relations in the study area were presented for the first 
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time in the scope of preparation of the Hydrographic 
Map of West Tatra Mountains (Wit and Ziemońska 
1960). In later years, hydrological researches in the 
SP catchment were conducted by Łajczak (1996), 
Żelazny (2012), Żelazny et al. (2013) and Ballesteros-

Cánovas et al. (2015). 
The primary factors that determined the 

development of the V−shaped Strążyska Valley were 
the activity of flowing and precipitated waters, and 
gravitational mass movements (Klimaszewski 1988). 

 
Fig. 1 Location of the Strążyski Potok catchment area. 

 
Table 1 Basic morphometric data on elementary catchments in the Strążyski Potok (SP) basin. 

No. of 
catchment 

Real area 3D  
(ha) 

Length of water 
divide (km) 

Max height 
(m a.s.l.) 

Min height  
(m a.s.l.) 

Average height  
(m a.s.l.) 

Average 
direction (°) 

A* 502.5 9.9 1894.5 876.8 1232.2 N (5°) 
B** 482.2 8.7 1894.5 915.0 1247.9 N (3°) 
1 3.3 0.9 1445.9 1160.0 1286.3 NE (26°) 
2 79.9 3.0 1894.5 1160.0 1513.3 N (346°) 
3 11.8 1.4 1507.4 1159.6 1353.7 NE (48°) 
4 0.6 0.3 1211.0 1116.4 1162.7 NE (62°) 
5 4.1 0.9 1323.1 1088.8 1219.1 NE (56°) 
6 0.8 0.5 1227.6 1081.0 1149.5 E (76°) 
7 84.8 3.1 1859.3 1075.0 1397.4 NW (310°) 
8 17.7 2.0 1533.6 1055.0 1274.2 NW (306°) 
9 83.9 3.5 1489.3 1020.0 1248.7 NE (55°) 
10 40.8 2.6 1469.1 1020.0 1217.4 W (279°) 
11 11.5 1.6 1376.4 1020.0 1203.8 E (101°) 
12 11.4 1.5 1353.2 995.0 1176.5 E (95°) 
13 8.1 1.2 1272.8 985.0 1137.8 SE (114°) 
14 11.2 1.6 1376.3 975.0 1174.7 NW (299°) 
15 5.5 1.1 1291.4 971.0 1107.9 W (277°) 
16 4.7 1.1 1279.6 970.0 1109.9 W (286°) 
17 2.3 0.6 1155.1 960.8 1072.1 E (94°) 
18 3.3 0.8 1183.3 955.0 1084.1 W (288°) 
19 2.0 0.7 1151.3 955.0 1071.0 W (283°) 
20 3.7 0.8 1144.7 950.0 1065.0 W (282°) 
21 10.9 1.5 1207.5 945.0 1116.5 E (83°) 
22 6.3 1.1 1188.5 935.0 1080.3 E (85°) 
23 2.3 0.7 1091.4 930.0 1030.7 NW (304°) 
24 5.1 1.1 1153.2 928.4 1038.3 E (85°) 
25 3.1 0.8 1077.5 927.4 1009.8 NW (325°) 
26 3.8 0.9 1063.8 922.8 985.7 E (96°) 

Note: A* - total catchment of SP; B**- SP catchment until the water gauge. 
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The highest point in the catchment is Giewont 
Summit (1,894 m a.s.l.), and the lowest is the 
intersection of SP with the stream from ku Dziurze 
Valley (877 m a.s.l.). The system of geological 
formations in the catchment has latitudinal 
orientation. The SP catchment is built mainly of 
Mezozoic limestones and dolomites. The most 
favourable filtration conditions, determined based on 
measurements of fissuring of a rock massif, occur 
within the High-Tatric series (nappe) of Giewont 
(Barczyk et al. 1995; Barczyk et al. 2002). Averaged 
values of the filtration coefficient (k) for the 
lithological-stratigraphic complex was evaluated for 
3.8 10-2 m·s-1. In some of its fragments, however, 
subsurface flow is considerably faster, because the 
aforementioned value does not consider karst cavities. 
In contrast to highly permeable rocks of the High-
Tatric series, a narrow zone of easily weathering, 
impermeable or weakly permeable Cretaceous marls 
and glauconitic limestones occurs at the northern foot 
of Giewont (filtration coefficient was specified at a 
level of k=2.7·10-5 m·s-1). The marl zone constitutes a 
border area between the High-Tatric zone in the south, 
and the Subtatric zone occupying the middle and 
northern part of the SP catchment. The lower 
Subtatric series is characterised by moderate filtration 
conditions (average value k=2.2 10-3 m·s-1) (Barczyk et 
al. 1995; Barczyk et. al. 2002). The variability of 
permeability of rocks building the catchment 
determines the development of the river network in 
the form of streams with a varied discharge 
periodicity (see Section 4.2). 

SP catchment shows high spatial variability of 
climatic conditions, and very high variability of 
weather types (Niedźwiedź et al. 2015). Annual 
precipitation totals increase from the forefield of the 
Tatra Mountains (1133 mm) towards higher parts of 
the mountains, where it reaches 1800 mm. The 
maximum monthly values of precipitation usually 
occur in June and July, and minimum in January and 
February (Woźniak 2013). The air temperature 
gradient in the vertical profile is also characteristic. 
Mean annual air temperature values at the foot of the 
mountains are 5.7°C, and in the highest parts: -0.4°C 
(Kasprowy Wierch). Therefore, boundaries between 
climatic-vegetation zones are evident: for instance, 
the altitudinal boundary where temperate forests give 
way to dwarf pines (Hess 1996). In terms of land 
cover, coniferous forests occupy the largest areas – 
approximately 68% (primarily spruce). Solely in the 

northern parts of the SP catchment, the valley slopes 
are also overgrown by deciduous forests 
(approximately 10%, primarily beech). The highest, 
southern parts of the catchment are covered with 
exposed rocks with screes and rocky rubbles 
(approximately 17% of total study area), and locally 
also with grassy vegetation and dwarf pine. 

The SP catchment belongs to the basin of the 
Biały Dunajec River, which is an element of the river 
system of the longest river in Poland – the Vistula. 
The central part of the area is occupied by Strążyska 
Valley, with SP running through its floor in a straight 
line (Fig. 2). SP starts its course from springs under 

 
Fig. 2 The Strążyski Potok catchment with division into 
elementary catchments (A) and longitudinal stream 
profiles (B).  
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the Giewont Summit at a height of 1270 m a.s.l. The 
longest stream is the main river – SP (3.3 km), and 
among its tributaries − Potok Grzybowiecki (stream 
No. 9) (1.2 km). Lengths of the remaining tributaries, 
with a perennial, intermittent (regularly transporting 
water in the humid season), and episodic character 
(sporadically or irregularly transporting water over 
short periods of time) do not exceed 1 km. As a 
perennial stream, SP has a length of 2.2 km until the 
water gauge in Młyniska (915 m a.s.l.; N 49°16'34.61", 
E 19°56'08.00") that closes the analysed catchment. 
The SP system transports the catchment waters 
northwards (Fig. 2). From the eastern and western 
parts of the river basin, 13 streams flow into it. Some 
adopt the direction of tectonic faults. 

The analysis of historical cartographic materials 
covering the SP catchment showed that at the turn of 
the 20th and 21st centuries, the greatest number of 
streams (70) was presented on the 1995 map, and the 
least (37) on the 1934 Photogrammetric Map of the 
Tatra National Park. The highest number of perennial 
(46) and intermittent (24) streams is shown on the 
1995 Topographic Map of the Polish Tatra Mountains. 
This study also documents the largest total length of 
perennial streams (8.74 km). In contrast, the total 
length of the intermittent streams (10.25 km) is 
shown on the map prepared during the hydrological 
mapping of the SP catchment carried out in the 1950s 
(Wit and Ziemońska 1960). However, the indicated 
cartographic materials are characterized by a different 
degree of measurement detail, and the studies on 
which they were based document a one-time and 
short-term situation. The discrepancy in information 
contained in cartographic documents became a 
stimulus to undertake research on the discharge 
periodicity of mountain streams. The analyses 
conducted in this study combine assessment of the 
catchment environment with repeated field 
observations conducted in different seasons of the 
hydrological year. 

Characteristic features of streams in the Tatra 
Mountains include frequent slumps of slopes 
resulting from the variability of resistance of rocks to 
water erosion, and which evidence the young age of 
the land relief (Fig. 2-B). The streambed average slope 
of SP is 4.8°, while average inclinations of its tributary 
channels exceed 15°, reaching a maximum of 31° (No. 
11). 

For the purposes of detailed hydrological 
analyses, 26 elementary topographic catchments of 

the main tributaries and the direct catchment of SP 
were designated in the analysed catchment (ending 
with the water gauge) (Fig. 2, Table 1). The largest 
elementary catchments are located in the upper part 
of the SP catchment.  

3    Material and Methods 

Collection of research material in 2015 involved a 
preliminary desk study and field research. All 
available cartographic documents covering the 
catchment area were calibrated by means of GIS tools. 
The resulting material was used in field research. In 
hydrological year 2015, 11 sets of field observations 
were performed that documented water flow in the 
channel of the main stream and in the mouth sections 
of its tributaries. SP discharge in profile Młyniska was 
obtained from the data of the Institute of Meteorology 
and Water Management – National Research 
Institute (IMWM). Observations from a given day 
were correlated with the meteorological situation of 
the two-week period preceding field research.  

Meteorological characteristics were based on 
precipitation and temperature data from two stations 
of IMWM – Zakopane (857 m a.s.l.) and Kasprowy 
Wierch (1,991 m a.s.l.). For elementary catchments, 
values of these climatic components were calculated 
using the hypsometric method, taking into account 
their value from the mean elevation of the catchment 
above sea level. 

Information concerning selected non-climatic 
environmental parameters (infiltration properties of 
rocks, land slope, and forest cover) of the analysed 
catchment was obtained from data bases published on 
websites of the Head Office of Geodesy and 
Cartography (mapy.geoportal.gov.pl) and National 
Geological Institute – Detailed Geological Map of the 
Tatra Mountains 1:10 000 (cbdgportal.pgi.gov.pl/ 
smgt/). The selection of non-climatic environmental 
elements was dictated by data availability and their 
detail. 

The assessment of discharge periodicity of rivers 
in the mountain catchment involved the development 
of a simple system based on the classification of 
selected environmental parameters (Fig. 3). Since the 
application of mathematical functions in such an 
assessment is very complicated or impossible, one of 
the methods of ordinal statistics was applied - the 
method of separating the values of data sets into 
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intervals determined by quartiles (Tukey 1977; 
Langford 2006). In this way, individual non-climatic 
and climatic features of the catchment environment 
were assessed as four classes, from those playing the 
smallest role in discharge periodicity (class 1), to 
those that should guarantee continuous outflow (class 
4). The intervals between the lower quartile (Q1) and 
the median (Q2) encompass conditions that are 
"moderately unfavourable" and that between the 
median (Q2) and the upper quartile (Q3) are 
"moderately favourable" for discharge stability (Fig 4). 

The individual elements of the classified 
environment were separately grouped into two larger 
sets, and the classification was repeated with 
designation into climatic and non-climatic elements 
summed up. At the next stage of analysis, these 
classes were combined with each other. In this way, 
the final classification of environmental conditions of 
individual catchments was obtained and compared 
with the results of field observations. This comparison 

made it possible to determine the degree of 
correspondence between the proposed classification 
and the actual discharge periodicity of the observed 
streams. 

The analyses of climatic factors employed mean 
values from two-week periods preceding field 
observations of the rivers. The classification was 
performed for two periods of the hydrological year: 
for the winter (Nov-Apr) and summer half-year (May-
Oct) according to Polish conditions (Table 2).  

In accordance with the assessment of 
permeability of rocks building the northern slope of 
the Tatra Mts. (Barczyk et al. 1995), four permeability 
classes were determined for the examined area (Table 
3). Rocks with very high permeability were classified 
into 1st class (k>10-3 m·s-1), moderate permeability 
into 2nd class (k<10-310-5 m·s-1), low permeability into 
3rd class (k<10-510-7 m·s-1) and semi-permeable 
permeability (k<10-7 m·s-1) into 4th class. The 
permeability conditions of each elementary 
catchment were determined using the index Ip (Eq. 1): 

Ip = ∑ (A1×1) + (A2×2) + (A3×3) + (A4×4)         (1) 

where: Ip – index of average catchment permeability 
(non-dimensional); A (1-4) – contribution of surface 
area of rocks from particular classes in the elementary 
catchment (1-4); 1-4 – class number (which is also the 
class weight). 

Due to high inclinations of slopes, a considerable 

 
Fig. 3 Scheme of the proposed evaluation system of discharge periodicity in mountain catchments using selected 
classified environmental conditions.  

 
Fig. 4 Classification scheme of values of climatic and 
non-climatic conditions according to quartiles. 
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part of precipitation in mountainous areas reaches 
streambeds in the form of surface and sub-surface 
(hypodermic runoff, soil runoff) discharge. 
Catchments with the greatest slopes >33.07°, 
characterised by rapid water runoff, were ascribed 
class 1 or 2, and catchments with smaller inclinations 
that favour river discharge periodicity, were 
designated classes 3 and 4 (Table 3). 

Among types of land cover, forests and dwarf 
pine thickets play the most important role in 
maintaining proper retention of water resources in 
mountain areas (together described as forest 
retention). The areas slow down the rate of water 
runoff, and soils developed there show higher 
retention capacity than those on slopes with no forest 
cover (Zal et al. 2015). Four forest retention classes 
were also designated for the study area, 
corresponding to the percent share of surface area of 
forests and dwarf pine shrubs. The weakest class 1 
was ascribed to catchments where forest cover is 
below 73.99%, and the best class 4 was assigned to 
areas with 100% forest cover (Table 3). 

4    Results 

4.1 Hydrometeorological situation in 2015 in 
the Strążyski Potok catchment 

The analysis of climatic components of the 
environment in the SP catchment in 2015 showed that 
the period of conducted observations was 
characterised by atypical distribution of 
meteorological-hydrological conditions in reference to 
the mean values for the area (Fig. 5). Precipitation of 
the winter half-year averaged from both stations 
(Nov-Apr) for years 1971-2015 was 531 mm. In 

hydrological year 2015, precipitation of the winter 
half-year was lower than that from the multi-annual 
period by approximately 100 mm, whereas evidently 
lower atmospheric precipitation was recorded in the 
upper part of the catchment. Reduction of 
atmospheric alimentation particularly occurred in the 
summer half-year (May-Oct) of 2015. Features 
characteristic of the precipitation distribution in the 
analysed catchment in the summer half-year 2015 
include intensive precipitation in May, reaching 139% 
of the average value from the multi-annual period, 
and low atmospheric alimentation in other months, 
reaching only 21% of the monthly norm in August 
2015. At the scale of the entire hydrological year 2015, 
precipitation reached only 79% of the multi-annual 
norm. 

A systematic decrease in precipitation was 
accompanied by a continuous increase in average 
monthly air temperature in the summer months (Fig. 
5). In June - it was higher than the multi-annual 
average by 0.5°C, and in August - by as much as 2.1°C. 
Average air temperature for the entire catchment area 
for 2015 was 3.3°C. This was higher than the multi-
annual average by 0.7°C. 

Atypical distribution of precipitation and air 
temperature in 2015 brought about a change in the SP 
river regime. Maximum mean monthly discharges 
(Q>0.20 m3·s-1) occurred in April and May, and not as 
usual in June and July (Fig. 5-A). High rainfall in May 
2015 induced intensive melting of snow cover, and 
very low summer precipitation and lack of heavy 
downpours during the time resulted in a change in the 
cycle of runoff from the SP catchment (Fig. 5-B). Such 
a combination of meteorological conditions resulted 
in a decrease in discharge in SP to 90% of the multi-
annual norm in the winter half-year, to 72% in the 
summer half-year, and in the annual scale, to 78%.  

Table 2 Classification of thermal and precipitation conditions 

Climatic factors 
Class 

1 2 3 4 
Temperature in winter half-year (Nov-Apr) (°C) -8.31 - -5.00 -4.99 - -2.39 -2.38 -  -1.32 -1.31 - 3.99 
Temperature in summer half-year (May-Oct) (°C) 14.24 - 17.15 10.29 - 14.23 7.78 - 10.30 1.49 - 7.79 
Mean daily precipitation in the winter half-year (mm) 0.44 - 2.00 2.01 - 2.57 2.58 - 3.23 3.24 - 5.64 
Mean daily precipitation in the summer half-year (mm) 1.26 - 3.63 3.64 - 3.89 3.90 - 4.58 4.59 - 5.90 

 

Table 3 Classification of selected non-climatic conditions 

Characteristic 
Class 

1 2 3 4 
Land slope (degree of mean land slope) 35.91°-45.00° 33.07°-35.90° 29.91°-33.06° 23.50° - 29.90° 
Rock permeability (Ip index) 3.32-3.88 3.10-3.31 2.97-3.09 1.41-2.96 
Forest cover (%) 15.00-73.99 74.00-81.49  81.50-99.99 100 
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Discharge periodicity in SP in its middle and 
lower course was guaranteed by water resources of 
the snow cover, with a maximum thickness in the 
months at the turn of winter and spring (February-
May) that was higher than the average from the multi-
annual period 1971-2015 (Fig. 5). The highest 
discharges in SP, exceeding 1 m3·s-1 occurred when 
average air temperature oscillated around 5°C. Low 
flows occurred in the winter period at temperatures 
lower than -5°C, and in summer at temperatures more 
than 15°C. Evident reduction of flowing water 

resources (from 22 May to 1 September) was observed 
in the period of occurrence of average daily 
temperatures reaching up to 20°C (Fig. 5). 

Field observations showed the lowest 
hydrological activity of the entire SP catchment in 
February and August 2015. In February, constant 
discharge was only recorded in the river draining 
catchment No. 26 and in the main river, and in the 
summer period, in August, in catchments No.: 1, 3, 9, 
26, and SP (Q= 0.03 m³·s-1). Almost the entire eastern 
part of the catchment was hydrologically passive in 

 
Fig. 5 Monthly, annual (A) and daily (B) hydrometeorological characteristics of the Strążyski Potok catchment in the 
multi-annual period 1971-2015 and in hydrological year 2015 (Q – average discharge, P – mean precipitation in 
Zakopane and Kasprowy Wierch Meteorological Stations, T – mean air temperature in Zakopane and Kasprowy 
Wierch Meteorological Stations, SC – maximum snow cover depth in Zakopane and Kasprowy Wierch Meteorological 
Stations, SCz – maximum snow cover depth in Zakopane Meteorological Station, SCkw – maximum snow cover depth 
in Kasprowy Wierch Meteorological Stations). 
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these periods. The greatest hydrological activity 
manifested in constant water discharge in rivers was 
observed in April in 10 and in October in 11 
elementary catchments (Fig. 6). 

4.2 Analysis of non-climatic components of 
the environment 

Next to climatic factors, runoff in small mountain 
catchments is largely determined by the non-climatic 

 
Fig. 6 Meteorological situation in the two-week period preceding field observations, and hydrological activity of 
elementary catchments and rivers in the Strążyski Potok catchment. 
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components of their environment (e.g. Dobija and 
Dynowska 1975; Jencso and McGlynn 2011). The 
assessment of average permeability in all elementary 
catchments of the SP catchment is Ip= 3.28, and 
indicates good conditions of water retention in the 
rock massif. The highest permeability is characteristic 
of catchments No. 2 (Ip= 3.88) and No. 7 (Ip= 3.78), 
covering the north-eastern slopes of Giewont (Figs. 7-
B, 7-E). Therefore, catchments with the best rock 
infiltration conditions were ascribed class 1, not 
guaranteeing discharge permanence in a river channel. 
The worst filtration conditions were determined for 
seven catchments in the lower part of the study area 
(No. 13, 17, 21, 22, 23, 24, 25), for which Ip=1.41-2.96. 

They favour river runoff (the catchments are therefore 
included in class 4) (Fig. 7-E). 

In the mountains, efficient filtration volume is 
substantially modified by slope inclination. Therefore, 
considerable potential water retention in the southern, 
highest located part of the catchment is reduced by its 
high slope inclination. The average slope of the 
analysed catchment (until the water gauge) is 34.4°, 
and this is one of the highest among catchments of 
streams flowing from the northern slopes of the Tatra 
Mountains. Average slope inclination of elementary 
catchments generally decreases from the Giewont 
massif, where the slopes of two (No. 2 and 7) exceed 
even 40° (Figs. 7-A, 7-D), to catchments in the 

 
Fig. 7 Analysed non-climatic physiographic elements of the Strążyski Potok catchment determining discharge 
periodicity: A) relief and tectonics, B) types of rocks, C) forest cover, D) class of average land slope, E) class of rock 
permeability, F) class of forest cover – forest retention. 



J. Mt. Sci. (2022) 19(1): 16-32    

 26

northern, lowest part of the catchment with slopes not 
exceeding 25° (catchments No. 25 and 26). In the case 
of intensive rainfall, the time of water flow from the 
entire catchment to the water gauge in 2015 took from 
several to a dozen hours (Fig. 5). Rapid loss of water 
resources in the catchment causes periodicity of 
stream discharge. 

Land cover plays a considerable role in 
maintaining mountain river discharge periodicity. In 
the northern and eastern part of the Giewont massif, 
two catchments feature much different land cover 
than the rest of the study area: No. 2 and 7. Rock 
screes, debris and mounds occupy more than half of 
their surface area (Figs. 7A, Fig.-F). Moreover, the 
area of eight elementary catchments is completely 
covered with tree and thicket (bush) vegetation, and 
in three further catchments, the share of these plant 
communities exceeds 90%.  

Catchments No. 1, 2, 3 and 7 are characterised by 
a large surface of highly permeable rocks and higher 
than average slope inclination. These elementary 
catchments also have the smallest share of forest 
retention areas (Figs. 7-D, 7-E and Fig. 7-F). As a 
result, non-climatic components of the environment 
of these elementary catchments do not favour 
perennial river function and therefore, were classified 
as class 1. Water in the bed of these streams occurs as 
a direct response to precipitation, and discharge is 
short-term. These streams receive little or no water 
from springs and recharge from melting snow is not 
long-term. 

4.3 Analysis of climatic conditions 

The analysis of climatic conditions on water 
abundance shows that the worst conditions occurred 
in July and August 2015 (Fig. 8). Such a situation was 
at that time determined by very low precipitation 
accompanied by high air temperatures. Unfavourable 
climatic conditions affecting river alimentation were 
also recorded in the winter period (December, 
January and February), when low air temperatures 
occurred in all elementary catchments of the SP 
catchment. In three observation periods (April, June 
and October), the recorded conditions were the most 
favourable for river channels recharge. On 19 April 
and 24 October 2015, all catchments were included in 
class 4 with the most favourable climatic conditions. 

The spatial analysis of climatic conditions 
permits designation of four phases of river discharge 

periodicity in 2015 (Fig. 8): 
- winter: period of low temperatures and 

snowfalls, unfavourable for river function– 
catchments in classes 1-2 (December–March); 

- spring–summer: supplementation of the water 
resources of rivers with precipitation waters and 
meltwaters – catchments in classes 3-4 (April–June); 

- summer: impoverishment of water resources in 
rivers as a result of lack of precipitation and 
occurrence of high temperatures – catchments in 
classes 1-2 (July–September); 

- autumn: renewal of water resources through 
atmospheric precipitation at lower temperatures – 
catchments in classes 3-4 (October). 

4.4 Assessment of the degree of 
correspondence between the 
environmental potential of catchments 
and discharge periodicity of streams 

The assessment of the degree of correspondence 
between the environmental potential and periodicity 
discharge had a three-stage character (Fig. 9). In the 
first stage, the environmental potential of climatic 
and non-climatic elements influencing outflow from 
individual elementary catchments was assessed 
separately.  

In this study area, climatic factors classification 
demonstrated the distribution of precipitation and air 
temperature typical for mountain catchments (Fig 9-
A). The three catchments (No. 2, 3, 7) located in the 
highest parts of the SP catchment area are 
characterized by high precipitation and low air 
temperature, which guarantees low evaporation. 
These areas, having therefore very good potential 
climatic conditions, were classified as 4th, the highest 
class. Thus, the streams draining them should carry 
water continuously. However, significant slopes, high 
permeability of fractured rocks and negligible forest 
cover do not allow for prolonged water retention, 
which is in turn expressed by the low class of non-
climatic factors characterising their environmental 
potential (Fig 9-B). Continuous discharge in stream 
channels (Fig. 9-A) is also favoured by climatic 
conditions typifying the mid-elevation zone 
(catchments No. 8-14), which were assessed as class 3. 
The elementary catchments located in the northern, 
lowest part of the SP catchment are in turn 
characterised by relatively least favourable climatic 
conditions. In contrast to worse climatic conditions, 
the assessment of their non-climatic conditions 
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groups them into classes 
most favourable for the 
hydrological activity of 
streams (Fig. 9-B). The 
minimal gradients of these 
catchments and their 
compact forest cover have a 
positive effect on water 
retention. Classes of climatic 
and non-climatic factors of 
elementary catchments 
located in the upper and 
lower part of the whole SP 
basin hence present opposing 
conditions for maintaining 
discharge periodicity. 

The second stage of the 
analysis, consisting in 
summing up the classes 
representing climatic and 
non-climatic factors, allowed 
the generation of 
information on the overall 
(total) environmental 
potential of the analysed 
catchments (Fig. 9-C). 
Catchments occupying the 
southern part of the study 
area and minor catchments 
in its northern part 
demonstrated good potential. 
The best environmental 
conditions are found in the 
catchment of Potok 
Grzybowiecki (No. 9), which 
combines good climatic and 
non-climatic features on an 
equal level. In contrast, the 
weakest potential for outflow 
formation was observed in 
minor elementary 
catchments (No. 15-19) 
situated in the central part of 
the SP basin, and in No. 4, a 
very minor catchment with 
poor climatic conditions 
(class 3) and very poor (class 
4) non-climatic conditions. 

This assessment classifying 
catchments according to their 

 
Fig. 8 Classification of climatic conditions permitting the occurrence of water in 
rivers of the elementary catchments.  
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environmental conditions was related to the actual 
results of field observations (Fig. 9-D). The frequency 
of a stream's discharge in its estuarine section was 

also included into four classes, the significance of 
which is determined, as in the previously conducted 
assessments, by the class number (Fig. 9-D). Of the 
26 catchments controlled in the 2015 hydrological 
year, streams can be described as perennial only in 2 of 
them. These drained catchments No. 9 and 26 (class 4). 
In the streams of 11 catchments, outflow was observed 
between 2 and 8 times (classes 1-2). For this reason 
they can be considered as intermittent streams. In the 
catchment of stream No. 10, water was observed only 
once (during the April thaw) and in as many as 12 other 
catchments, no outflow was recorded. These streams 
can be called episodic (class 4).  

The final stage of the analysis was based on 
applying the difference of the values of the 
environmental potential classes of the catchments 
(Fig. 9-C) with the classes of hydrological activity of 
their main streams (Fig. 9-D). This made it possible to 
determine the degree of agreement expressed as 
Degree Correspondence Index (Index DC= 
hydrological activity class of catchments' stream - 
environmental potential class of catchment) of the 
applied system for assessing the environmental 
conditions of individual catchments, with field 
observations (Fig. 9-E).   

A zero value of the index indicates the 
correspondence of a specific class of environmental 
potential with the results of field observations. 
Positive Index DC values indicate that the streams 
were more active than the catchment environmental 
assessment would allow, while negative values 
indicate weak or no stream activity in 2015 (a year 
with a high potential of environmental factors). The 
reason for the discrepancy of the assessments with the 
field observations may be due to other processes that 
control water resources that are complex and difficult 
to identify or describe and are not considered in the 
proposed system.  

5    Discussion 

A simple and tested method in many catchments 
for assessing the influence of individual environmental 
components on the course of hydrological phenomena 
is the method of landscape hydrological potential (LHP) 
proposed by Lepeška (2010, 2013), Lepeška et al. (2017) 
and Wałęga et al. (2020). It was applied, for example, 
to determine the predictability of maximum flows of 
selected rivers of southern Poland and Slovakia 

 
Fig. 9 The assessment of discharge periodicity in SP 
catchment using selected classified environmental 
conditions (A - the environmental potential of climatic 
elements in hydrological year 2015; B - the 
environmental potential of non-climatic elements; C - 
total potential of climatic and non-climatic elements; D - 
hydrological activity of streams in elementary 
catchments observed in 2015; E - the degree of 
agreement (Index DC) of the applied system for 
assessing the environmental conditions of individual 
catchments, with field observations). 
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(Wojkowski et al. 2019). Several of the methods 
included in the above-cited works were employed with 
some modifications in the assessment and 
classification of environmental conditions affecting the 
discharge periodicity in the SP catchment. Unlike the 
LPH method, all non-climatic and climatic attributes 
were assumed to be equal, without determining their 
importance relative to other attributes. The values of 
each attribute were divided into four classes. The 
division into classes were quartiles dividing the 
community into four parts in terms of abundance. The 
quartiles are convenient parameters for analysing the 
structure of the data and for determining the value of 
the characteristic around which the collected data are 
grouped. Evaluation of the degree of influence of 
selected climatic and non-climatic elements of the 
catchment on the discharge periodicity of streams 
confirmed the latitudinal zonation of environmental 
quality expressed in four classes.  

Classification of climatic factors (precipitation and 
temperature) was carried out on the basis of data from 
two meteorological stations that were located at 
extreme altitudes. Between them, there is no 
measurement site (point) in the SP catchment area. 
The applied hypsometric interpolation method enabled 
determination of precipitation and mean air 
temperature for two-week periods preceding 
streamflow observations in each catchment. The 
adoption of two-week periods to evaluate the effect of 
climatic conditions on stream water quality resulted 
from the dynamics of hydrometeorological processes 
manifested by short-term outflow-to-outflow reactions. 
A similar period (15 days) was adopted by Radczuk 
(2008) in developing a model of hydrological processes 
for the Odra river basin (western Poland). The 
classified values of air temperature and precipitation 
were summed up into the group of climatic factors. 

In the case of the evaluation of elementary 
catchments forming the SP basin that is built of highly 
fractured and karstic solid rocks, determining the 
degree of permeability was a difficult task. The 
evaluation of this feature was, therefore, performed in 
two stages, having at disposal the results of 
permeability studies of the Tatra massif (Barczyk et. 
al 1995, 2002). The best permeability was found in 
elementary catchments of the upper part of the SP 
basin that were built of fractured limestone and 
dolomite, and largely covered with loose rock rubble. 
Such conditions are not conducive to long persistence 
of water in stream channels, and therefore these 

catchments are classified as class I. The assessment of 
rock permeability of the catchment, however, did not 
take into account the degree of dissection of the 
massifs by tectonic faults (which are usually good 
groundwater circulation routes). As was stated in the 
study from 1960 (Wit, Ziemońska), in the middle part 
of its catchment, the SP river is fed by numerous 
riverbed springs. Indeed, ln the Grzybowiecki Potok 
river (catchment No. 9), originating from karst 
springs, outflow was observed 10 times during eleven 
field surveys. The good water quality of the 
Grzybowiecki Potok is also a result of numerous 
springs feeding the valley bottom at the contact 
between dolomites and shales. According to the 1950s 
data, below the mouth of the Grzybowiecki Potok, the 
SP received water only from one perennial left 
tributary. This was the Potok pod Samkowa Czuby 
river (catchment No. 26), which originated from a 
spring that also flowed at the contact between the 
dolomites and shales (Wit and Ziemońska 1960). In 
2015, Potok Samkowa Czuby river (No. 26) appeared 
to be the only perennial stream in the SP basin. 
Springs generally accompany tectonic zones. Since the 
majority of tectonic zones are suppressed faults and 
information on the occurrence of springs is of a 
similar nature as the discharge periodicity marked on 
maps, i.e. being the result of short-term observations, 
they were not taken into account in the development 
of our proposed environmental assessment system. 
The issue of introducing information on the 
occurrence and outflow of springs is undoubtedly 
fundamental when studying the discharge periodicity 
of mountain streams. However, the registration of 
outflows hidden in the channel is practically 
impossible during one-day patrol surveys.   

The comparison of three classifications of 
terrestrial environment elements: catchment slope, 
permeability and forest cover showed that a 
considerable part of the whole SP basin is 
characterized by poor and very poor conditions for 
keeping water in its stream beds. Elementary 
catchments of this nature occupy 63% of the study 
area, and in most of the catchments with good 
conditions, the watercourses functioned with varying 
degrees of discharge periodicity. 

The catchments of the streams in the beds of 
which water flow was recorded constantly or almost 
constantly, were, according to the observations made 
in 2015, situated in different parts of the SP 
catchment, and were characterised by being of 
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different sizes. For example, catchment No. 9 is 
located in the upper part of the SP catchment. 
Grzybowiecki Potok river, which flows out of it, has 
water almost constantly. This catchment is 
characterised by having one of the largest area of 
elementary catchments. In contrast, catchment No. 
26, which is small in area and located in the lower 
part of the SP catchment, also had reported outflow 
throughout the year. Two sub-basins (No. 2 and 5) 
located in the southern, steepest part of the SP 
catchment furnish further evidence for the lack of 
relationship between catchment size and discharge 
periodicity. Catchment No. 2 is over 19 times larger 
than catchment No. 5 and no outflow was observed in 
both of them in 2015. 

Combining the classes of climatic parameters of 
catchments with those of non-climatic parameters was 
used to determine the degree of correspondence 
between the assessed conditions and the actual 
discharge periodicity of streams recorded during the 
field studies. Despite the fact that full compliance was 
found (Index DC = 0) only in seven catchments), it is 
also worth noticing those areas where, despite good 
environmental conditions, their contained streams did 
not run water at all (Index DC = -1, -2), and those 
whose environmental potential enabled flow into their 
stream beds, but such situation was not recorded 
during field observations (Index DC = +1, +2). 
Explanations for these inconsistencies can be found in 
the classification generation procedures or by the lack 
of frequency of observations. The most advantageous 
solution to this problem would be to conduct 
continuous observations on a few selected streams with 
diverse environments that were initially assessed by the 
methods proposed in this paper. By determining the 
discharge periodicity of each stream in an annual cycle, 
it would be possible to recalibrate the system for 
assessing environmental values that favour or 
disfavour the discharge periodicity of streams. 

Modern methods of tracking and annotating 
outflow in small and unsurveyed mountain streams 
still face obstacles due to the inaccessibility of the 
terrain and the inability to apply remote sensing 
techniques. This obstacle also concerns the recording 
of streams flowing through dense forests. The 
procedure presented in this paper leads to the 
elucidation of the causes of the periodicity of streams, 
and complements previous research results 
concerning the mountain areas of the temperate 
climate zone. 

6    Conclusion 

This paper analyses the discharge periodicity of 
mountain streams over the cycle of one hydrological 
year. In particular, it focused on how non-climatic 
factors and climatic conditions affecting the 
catchment, in turn, affect the discharge periodicity. 
The results of the classification of these factors were 
related to field observations. The analyses made it 
possible to present the following main conclusions: 

(1) A simple-to-apply method for assessing the 
influence of individual environmental components on 
discharge periodicity provides a basis for developing a 
conceptual, more developed hydrological model; 

(2) This method should be applied before 
undertaking field observations because it indicates 
areas with high probability (potential) of occurrence 
of periods of water disappearance in river channels; 

(3) Validation of the method can be done by 
conducting frequent field observations, and the 
results should be used to explain any inconsistencies 
in the applied assessment on comparison with the 
recorded phenomena, 

(4) In karst areas, streams draining elementary 
catchments are characterized by discharge periodicity, 
along with simultaneous constant discharge into the 
main river - in this case - the Strążyski Potok; 

(5) In regional and supraregional perspectives, 
the study of discharge periodicity of mountain 
streams and the relatively simple physical and 
hydrological structure of mountain catchments 
located in protected areas facilitate verification of 
hypotheses on the trends in water resource change. 
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