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ABSTRACT. Spatiotemporal Analysis of Cold-Season Minimum Runoff in the 
Argeș-Vedea River Basin. Taking into account the different causes that generate the 
minimum flow during the warm season (May-October) and the cold season (November-
April), as well as the fact that the use of minimum flow values in design activities is 
related to seasonal consumptions specific to each period, the study of minimum flows is 
generally carried out separately. In this paper we analyzed the minimum flow during the 
cold season (November-April) within the Argeș - Vedea hydrographic area, by utilizing 
the average minimum daily flows from the hydrometric stations considered characteristic, 
for a period of at least 15 years and a maximum of 30 years, from the time interval, 1991-
2020. The vulnerability assessment of the resources offered by the hydrographic network 
of the Argeș - Vedea hydrographic area during the cold period represents an interesting 
analysis objective with certain practical value. The paper carries out a detailed analysis 
of the runoff regime in the Argeș – Vedea hydrographic area in order to identify the causes 
(natural: climate change, winter phenomena or anthropogenic: the influence of the 
complex system of hydrotechnical works with a role in quantitative management of water 
resources) that contribute to their occurrence and of the dry periods and characteristic 
years in terms of minimum runoff. To achieve the objective of the paper, in addition to 
the statistical processing of data series from the hydrometric stations analyzed within the 
Argeș – Vedea hydrographic area, GIS interpolation methods were also used. The spatial 
distribution of the values of the specific minimum annual and seasonal average flows is 
approximately similar. The values decrease with the altitude from north to south, with the 
highlighting of some islands in the eastern part of the hydrographic area at the confluence 
of the Argeș River with its main tributaries, Dâmbovița and Neajlov, and in the western 
part at the confluence of the Vedea and Călmățui rivers. By identifying the ʺ0ʺ values of 
the minimum average flows, the presence of winter phenomena was observed in too few 
cases. This fact leads to the conclusion that global warming is reflected in the minimum 
runoff on the rivers. 
 
Keywords: Argeș - Vedea hydrographic area, minimum seasonal runoff, winter 
phenomena, influence of climate change 

 
 

1. INTRODUCTION 
Water represents a renewable, vulnerable, and limited natural resource, an 

indispensable element for life and society, a raw material for productive activities, a 
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source of energy and way of transportation, as well as a determining factor in 
maintaining ecological balance. 

This paper analyzes the minimum flow on rivers in the Argeș–Vedea 
hydrographic space during the cold season (November 1 – April 30). 

The Argeș–Vedea hydrographic space, covering an area of 21,479 km² (9% of 
Romania's surface), is located in the southern part of the country (Figure 1.a) and 
includes the following well-defined physical-geographical hydrographic basins: the 
Argeș basin, the Vedea basin, the Călmățui basin, and a portion of inter-basin areas 
associated with the Danube River. 

Administratively, this hydrographic space almost entirely covers the counties of 
Argeș, Giurgiu, Teleorman, Ilfov (including Bucharest municipality), and smaller 
parts of the counties of Dâmbovița, Olt, and Călărași. 

The Argeș–Vedea hydrographic space is characterized by a wide variety of 
landforms, ranging from the mountainous heights of the Făgăraș Mountains 
(maximum altitude of 2,544 m) to the lowest landform on the country's territory—
the Danube River floodplain (minimum altitude of 12 m). 

Figure 1. Placement of the Argeș–Vedea hydrographic space within the general 
framework of Romania (a) and the locations of its component hydrometric stations (b) 

 
2. DATA AND METHODS 

The study of the minimum flow in the Argeș–Vedea hydrographic space was 
conducted by utilizing the daily minimum average flows from 51 selected 
hydrometric stations during the period 1991–2020 for the cold season (November 1–
April 30). 

a) 

b) 
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To calculate the minimum average flows, the following tools and methods were 
used: 
 Excel functions, which were used to determine seasonal minimum averages, 

extract seasonal minimum flows, and calculate other values necessary for the 
study, in accordance with the current calculation methodology employed by the 
NIHWM (National Institute of Hydrology and Water Management); 
 Geographic Information System (GIS) applications; 
 The nonparametric Mann-Kendall test, used to detect the significance level 

of the occurrence of winter phenomena (of various types) during the period 2008–
2020. 
 
3. RESULTS 

To achieve the objectives of this study, the following were determined: 
multiannual minimum average flows, multiannual seasonal minimum average flows, 
annual and seasonal minimum average flows with return periods of 80%, 90%, and 
95%. Additionally, absolute minimum values were extracted, and winter phenomena 
were analyzed in terms of frequency. 

 
3.1 Spatial Distribution of the Evolution of Annual and Seasonal Minimum 

Flows 
Using the results obtained from statistical processing, a spatial regionalization of 

annual and seasonal minimum average flow values with various return periods was 
performed. These calculations were applied to the analyzed hydrometric stations 
within the Argeș–Vedea hydrographic space. 

Thematic layers representing the corresponding values of annual and seasonal 
(cold season) minimum flows were created using the IDW interpolation method. 

Analyzing the spatial distribution of specific minimum annual flow values 
(Figure 2.a) and seasonal flow values (Figure 2.b), it was observed that the patterns 
are approximately similar. The values decrease altitudinally from north to south, with 
certain clusters appearing in the eastern part of the hydrographic space at the 
confluence of the Argeș River with its main tributaries, Dâmbovița and Neajlov, and 
in the western part at the mouths of the Vedea and Călmățui rivers. 

The specific minimum average annual and seasonal flows with return periods, as 
shown in Figure 2, are as follows: 80% probability (annual—Figure 2.c, seasonal—
Figure 2.d), 90% probability (annual—Figure 2.e, seasonal—Figure 2.f), 95% 
probability (annual—Figure 2.g, seasonal—Figure 2.h). These distributions are 
similar. The values show a decreasing trend both altitudinally, from north to south, 
and meridionally, from west to east, aligning with the general regionalization of river 
flow patterns in Romania. 

The spatial distribution of specific minimum annual flows (Figure 2.i) differs 
slightly from that of seasonal flows (Figure 2.j). However, a clear altitudinal decrease 
from north to south is evident, reflecting a consistent spatial distribution pattern. 
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(a.)                                       (b.)                                   (c.)                                       (d.) 

 

  
(e.)                                    (f.)                                (g.)                                             (h.) 

 

 
(i.)                             (j.) 

Figure 2. Spatial distribution of specific minimum average flows: annual (a) and 
seasonal (b), and those with probabilities of occurrence of: 80% annual (c) and seasonal 

(d), 90% annual (e) and seasonal (f), and 95% annual (g) and seasonal (h), as well as 
absolute minimum annual (i) and seasonal (j) values in the Argeș–Vedea hydrographic 

space (1991–2020) 
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3.2 Characteristics of Seasonal Minimum Average Flow 
The lowest values of minimum flows recorded at the hydrometric stations were 

analyzed. It was observed that at certain hydrometric stations, there were "0" values 
for daily minimum flow during certain periods. To determine the cause of these 
values, studies conducted at these stations were consulted, revealing the presence of 
phenomena such as drying, pooling, and winter phenomena in the respective areas 
during certain time periods. 

According to the Drying Atlas (2019), among the monitored watercourses, 
frequent drying (less than every 5 years) occurs on the Alb River, while the Călmățui 
and Sabar rivers experience drying, pooling, or total freezing. It is also stated that in 
the Vedea and Argeș basins, drying phenomena are recorded annually on most of the 
smaller tributaries (with basin areas smaller than 20 km²). 

 
Table 1. Absolute and relative (%) frequency of the minimum values of annual average 

minimum flows in the Argeș-Vedea hydrographic space (1991-2020, cold season) 
 

Year 
Absolute 

no. of 
cases 

Relative 
frequency 

of cases 
(%) 

Total no. 
of cases 

recorded  

Relative 
frequency 

of cases 
recorded  

Year 
Absolute 

no. of 
cases 

Relative 
frequency 

of cases 
(%) 

Total no. 
of cases 

recorded  

Relative 
frequency 

of cases 
recorded  

1991 3 6 

30 59  

2001 1 2 

 
21 

 
41 

1992 5 10 2002 1 2 

1993 11 22 2008 1 2 

1994 4 8 2009 3 6 

1995 4 8 2011 1 2 

1997 1 2 2012 6 12 

2000 2 4 2013 3 6 

 

2017 1 2 

2019 2 4 

2020 2 4 

Total no. of cases recorded during the period 
1991-2020 

51 
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Frequent drying (less than every 5 years) is found on the Bogdan, Robaia, 
Șoptana, Pârâul Grecilor rivers, etc., in the Argeș basin, as well as on the Tișar, 
Clanța rivers, etc., in the Vedea basin. Additionally, many small tributaries in the 
upper and middle courses of the Argeș basin (such as Dâmboviciora, Bărbuleț, 
Mâzgana, etc.) and in the Vedea basin (such as Runc, Plapcea, Valea Boului, etc.) 
experience pooling, drying, or total freezing. 

The values of the lowest seasonal minimum average flows were analyzed, taking 
into account both the year or period of years in which they were recorded, as well as 
the month and the monthly interval. This analysis was carried out both absolutely 
and relatively (%). 

As shown in Table 1 and Figure 3.a, the lowest values were predominantly 
recorded in the period 1991-2000 (59% of the values), followed by the period 2001-
2020 (41% of the values). The year with the most recorded minimum values was 
1993 (11), followed by 2012 (6) and 1992 (5). 
 

a)                                                                 b) 
Figure 3. Annual frequency of the lowest minimum flow values (a) and relative monthly 
frequency of the lowest minimum flow values (b) in the Argeș–Vedea hydrographic space 

(1991–2020, cold season) 
 

Following the monthly frequency of the lowest seasonal minimum flow values, 
calculated both absolutely and relatively (Table 2 and Figure 3.b), it is highlighted 
that the months of January (25%), November (22%), and December (20%) have the 
highest frequencies, while April (4%) has the lowest frequency. In the period from 
January to March, 55% of the values are recorded, while the remaining 45% occur 
in the other months (April, November-December), out of a total of 51 values. The 
minimums of the cold season can occur in any month, with low temperatures not 
being the main factor; rather, the lack of atmospheric precipitation plays the primary 
role. The minimums recorded in the months of November and December may be 
more related to autumn droughts than to winter phenomena.  
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Table 2. Monthly and interval frequency (absolute and relative) of the lowest minimum 
flow values in the Argeș–Vedea hydrographic space (1991–2020, cold season) 

Month 
 

Absolute 
frequency 

Relative 
frequency of 

cases(%) 

Absolute 
frequency of 

monthly intervals 

Relative frequency 
of monthly 

intervals (%) 
I 13 25 

28 55 
II 8 16 
III 3 6 
I-II 1 2 
I-III 3 6 
IV 2 4 

23 45 XI 11 22 
XII 10 20 

Total 51 100 51 100 
 

In the Argeș–Vedea hydrographic space, as can be seen from Table 3, the 
seasonal minimum flows can be recorded in any month, and no distinct spatial 
distribution can be observed. The factors that directly influence the minimum flow 
primarily relate to meteorological parameters, particularly atmospheric precipitation, 
and less to geographical environmental factors (relief, soil cover, basin orientation, 
etc.). 

 
Table 3. Annual and monthly distribution of seasonal minimum flows in the Argeș–Vedea 

hydrographic space (1991–2020) 

No
. River Gauging 

Station 

Q min 

s 

(m3/s
) 

Yea
r 

Mont
h 

No
. River Gauging 

Station 

Q min 

s 

(m3/s
) 

Yea
r 

Mont
h 

1 Vedea Buzești 0,06
2 

199
1 II 27 Râușor Râușor 0,04

3 
199

3 I 

2 Vedea Văleni 0,26
6 

199
4 II 28 Bratia Râușor 

Pod 
0,22

9 
199

3 I 

3 Vedea Alexandria 1,32 202
0 XI 29 Argeșel Nămăești 0,03

3 
200

8 II 

4 Cotmean
a Ciobani 0,03

5 
199

3 II 30 Argeșel Vulturești 0,01
4 

199
2 XII 

5 Vl 
Câinelui Vârtoapele 0,00

2 
199

3 XI 31 Argeșel Mioveni 0,06
2 

199
3 I 

6 Teleorma
n 

Tătărăștii 
de Sus 0,2 199

5 XII 32 Târgului Piscani 0,36 201
1 XI 

7 Teleorma
n 

Teleorman
u 

0,60
8 

199
5 I 33 Dâmbovi

ța 

Podu 
Dâmboviț

ei 

0,01
1 

201
2 II 

8 Călmățui Crângu 0,27
9 

201
2 XI 34 Dâmbovi

ța 
Malu cu 

Flori 0,29 201
3 I 

9 Urlui Furculești 0,02
5 

200
1 III 35 Râușor Rucăr 0,07

5 
199

4 XII 

10 Dâmbov
nic Slobozia 0,14 201

3 XI 36 Râul Alb 
Gura 

Bărbulețu
lui 

0 199
2 I-III 

11 Neajlov Vadu Lat 1,48 201
2 XI 37 

Vl. 
Bădenilo

r 
Bădeni 0,13 201

9 I 
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12 Glavacio
c Crovu 0,06

2 
201

2 XI 38 Dâmbovi
ța Râncăciov 1,16 201

3 I 

13 Argeș Malu Spart 3 201
2 XI 39 Capra Capra 0,20

9 
202

0 II 

14 Argeș Grădinari 0,7 199
5 III 40 Buda Buda 0 200

9 I 

15 Argeș Budești 4,53 199
4 IV 41 Otic Otic 0 200

9 I-III 

16 Ciorogârl
a Bragadiru 0,05 199

1 XI 42 Arefu Arefu 0 201
2 I-III 

17 Colentina Colacu 0,00
7 

200
2 XII 43 Vâlsan Brădet 0,09

2 
200

0 XII 

18 Dâmbovi
ța Lungulețu 1,68 199

3 II 44 Vâlsan Mălureni 0,08 199
3 I 

19 Dâmbovi
ța 

Dragomire
ști 0 199

1 I -II 45 Doamnei Bahna 
Rusului 

0,15
5 

201
7 I 

20 Dâmbovi
ța Budești 10,2 200

9 III 46 Doamnei Dărmăneș
ti 

0,03
6 

199
3 XII 

21 Sabar Poenari 0 199
3 II 47 Doamnei Ciumești 0,83

9 
199

3 XII 

22 Sabar Vidra 0,41 199
2 XI 48 Cârcinov Priboieni 0,03

2 
199

3 I 

23 Neajlov Călugăreni 1,63 199
5 XII 49 Potop Gura Foii 0,02

5 
199

2 XII 

24 Târgului Voina 0,44
1 

201
9 I 50 Neajlov Moara din 

Groapă 
0,30

5 
199

7 I 

25 Târgului Voinești 0,03 199
4 IV 51 Bratia Bălilești 0,27

8 
199

2 XII 

26 Bughea Bughea de 
Jos 

0,08
2 

200
0 XI  

Note: At the Bragadiru hydrometric station on the Ciorogârla River (a typical lowland river 
with gentle slopes, which could have intermittent flow), the values of the daily average flows measured 
are influenced by the Arcuda and Brezoaele hydroengineering structures and by the Ciorogârla boxed 
channel. 

 
 

3.3 Winter Phenomena Analysis  
 

Spatial analysis of the distribution of winter phenomena in the Argeș–Vedea 
hydrographic space was conducted based on data from 51 hydrometric stations, 
covering the period 2008-2020. The data, extracted from the hydrological database 
managed by I.N.H.G.A., provided information on the type and periods of occurrence 
of the phenomena. 

During the analysis period, in the Argeș–Vedea hydrographic space, the 
hydrometric stations recorded phenomena such as ice bridges, ice at the riverbank, 
and other formations (Table 4). 

From Table 4 and Figure 4.a, it can be observed that, on average, 79 days per year 
are affected by winter phenomena. The spatial distribution of these phenomena is 
generally influenced by altitude, minimum air temperature, as well as basin width or 
other anthropogenic or geographical causes. 
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Table 4. Spatial distribution of the total number of days with winter phenomena recorded 
at hydrometric stations in the Argeș–Vedea hydrographic space (2008-2020) 

No. River Gauging Station 
Ice bridge Riverbank ice Other 

formations 

No. of days 
with winter 
phenomena 

sum averag
e sum averag

e sum averag
e sum averag

e 
1 Arefu Arefu 497 2.69 264 1.43 19 0.10 780 4.22 
2 Râușor Râușor 75 0.41 578 3.12 67 0.36 732 3.89 
3 Bughea Bughea de Jos 77 0.42 460 2.49 185 1.00 726 3.90 
4 Doamnei Bahna Rusului 117 0.63 577 3.12 24 0.13 726 3.88 
5 Vâlsan Brădet 86 0.46 544 2.94 2 0.01 659 3.42 
6 Râul Alb Gura Bărbulețului 227 1.23 249 1.35 104 0.56 639 3.14 
7 Târgului Voina   528 2.85 95 0.51 623 3.37 
8 Bratia Râușor Pod 14 0.08 439 2.37 107 0.58 610 3.03 
9 Râușor Rucăr 47 0.25 298 1.61 202 1.09 547 2.96 

10 Doamnei Dărmănești 36 0.19 329 1.78 80 0.43 445 2.41 
11 Dâmbovița Podu Dâmboviței 128 0.69 267 1.44 26 0.14 421 2.28 
12 Vâlsan Mălureni 14 0.08 386 2.09 10 0.05 411 2.22 
13 Argeșel Vulturești 42 0.23 346 1.87 2 0.01 391 2.11 
14 Argeșel Nămăești 2 0.01 226 1.22 100 0.54 363 1.77 
15 Vedea Văleni 207 1.12 70 0.38 29 0.16 314 1.65 
16 Sabar Vidra 81 0.44 133 0.72 74 0.40 289 1.56 
17 Neajlov Moara din Groapa 73 0.39 204 1.10 4 0.02 281 1.52 
18 Călmățui Crângu 65 0.35 205 1.11 2 0.01 272 1.47 
19 Neajlov Călugăreni 108 0.58 123 0.66 15 0.08 272 1.33 
20 Potop Gura Foii 99 0.54 159 0.86 1 0.01 259 1.40 
21 Glavacioc Crovu 62 0.34 187 1.01 7 0.04 256 1.38 
22 Colentina Colacu 144 0.78 81 0.44 17 0.09 245 1.31 
23 Argeș Grădinari 57 0.31 128 0.69 50 0.27 241 1.27 
24 Teleorman Teleormanu 61 0.33 101 0.55 68 0.37 230 1.24 
25 Dâmbovița Dragomirești 101 0.55 119 0.64 5 0.03 228 1.22 
26 Doamnei Ciumești 33 0.18 163 0.88 31 0.17 227 1.23 
27 Dâmbovnic Slobozia 19 0.10 198 1.07 7 0.04 224 1.21 
28 Târgului Piscani 24 0.13 144 0.78 40 0.22 224 1.12 
29 Argeș Budești 43 0.23 54 0.29 113 0.61 220 1.14 
30 Neajlov Vadu Lat 47 0.23 165 0.89 2 0.01 214 1.14 
31 Argeș Malu Spart 68 0.37 39 0.21 79 0.43 212 1.01 
32 Vedea Alexandria 109 0.59 48 0.26 53 0.29 211 1.14 
33 Dâmbovița Lungulețu 35 0.19 92 0.50 57 0.31 187 0.99 
34 Vl. Bădenilor Bădeni   24 0.13 144 0.78 181 0.91 
35 Ciorogârla Bragadiru   146 0.79 30 0.16 180 0.95 
36 Vedea Buzești 36 0.19 129 0.70 14 0.08 179 0.97 
37 Cârcinov Dobrești 10 0.05 82 0.44 79 0.43 171 0.92 
38 Sabar Poenari 13 0.07 149 0.81 6 0.03 168 0.91 
39 Argeșel Mioveni   113 0.61 53 0.29 166 0.90 
40 Teleorman Tătărăștii de Sus   159 0.86 1 0.01 160 0.86 
41 Cotmeana Ciobani   75 0.41 17 0.09 92 0.50 
42 Urlui Furculești 3 0.02 80 0.43 19 0.10 83 0.55 
43 Dâmbovița Râncăciov   55 0.30 67 0.36 64 0.66 
44 Târgului Voinești   15 0.08 185 1.00 50 1.08 
45 Cârcinov Priboieni 497 2.69 20 0.11 24 0.13 44 2.92 
Numărul total/mediu de zile cu fenomene de 

iarnă 
335

3 18.12 
895

1 48.38 
231

6 12.52 
1462

0 79.03 
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During the analyzed period, on average, 48 days per year had ice at the riverbank, 
18 days had ice bridges, and 13 days had other formations.  

Annually, as observed in Figure 4.b, 2012 had the most cases of winter 
phenomena (2508), while 2019 (527) and 2020 (531) had the fewest. 

 

 
(a) 

 

 
(b) 

Figure 4. Annual average of winter days with winter phenomena (a) and their annual 
variation in the Argeș–Vedea hydrographic space (2008–2020) 

 
The spatial distribution of winter phenomena was represented through 

cartographic depictions. In Figure 5.a, it is highlighted that at the hydrometric 
stations in the upper basin, due to their location at higher altitudes, the total duration 
of winter phenomena ranges from 600 to 800 days (stations Arefu, Râușor, Bahna 
Rusului, Voina, Brădet, Bughea de Jos, Gura Bărbulețului). In contrast, in the lower 
basin, the duration is between 200 and 300 days, out of a total of 2357 days. 

Regarding the type of winter phenomena, a higher frequency of ice at the 
riverbank and ice bridges was observed. 

  

18

48

13

79

0
10
20
30
40
50
60
70
80

Ice Bridge Riverbank ice Other formation No. Of days with winter
phenomna

1315
1196

1374
1534

2508

931
679 594

1249

1601

772
527 531

0

500

1000

1500

2000

2500

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020



53 

 
(a.)                                    (b.) 

Figure 5. Distribution of winter phenomena at the analyzed hydrometric stations based on their 
duration (a) and the statistical significance level of winter phenomenon occurrence at the 

hydrometric stations in the Argeș–Vedea basin (2008–2020) 
 

  
(a-riverbank ice)             (b-ice bridge) 

Figures 6. Spatial distribution of winter phenomena in the Argeș–Vedea hydrographic 
space (2008–2020) 
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(a-other formations)              (b-total no. of days) 

Figures 7. Spatial distribution of winter phenomena in the Argeș–Vedea hydrographic 
space (2008–2020) 

 
Through the spatial distribution of these phenomena (Figures 6 and 7), it is 

noticeable that the occurrence of ice at the riverbank and ice bridges is favored by 
low daytime and nighttime temperatures, slopes, the width of the riverbed, and the 
flow velocity. From the cartographic representations, it can be observed that these 
phenomena also occur in the lower parts of the hydrographic basins, where the 
riverbed width is significant. However, the flow velocity, which depends on the 
basin's slope, is reduced. In contrast, at a hydrometric station located at higher 
altitudes, due to the steep slope that generates a high flow velocity, only the 
phenomenon of ice at the riverbank might be present. 

The trend of increase or decrease in the spatial distribution of the annual number 
of days with winter phenomena was analyzed using the Mann-Kendall Test. This is 
a statistical method developed for detecting and estimating trends in time series of 
annual values. In the case of this analysis (2008-2020), both cases with and without 
statistical significance were identified (Table 5). 

Additionally, following the Mann-Kendall Test, a decreasing or downward trend 
in the values is observed. 

From the analysis of table 5 and figure 5.b, it is found that the majority of stations 
show a decreasing trend, and in correlation with the level of significance, the 
hydrometric stations Mioveni, Grădinari, and Moara din Groapă stand out with a 
high degree of statistical significance. 
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Table 5. Statistical confidence levels for the occurrence of winter phenomena at 
hydrometric stations in the Argeș–Vedea hydrographic space (2008–2020) 

 

Note: Decreasing trends with or without statistical significance (indicated by negative values – blue) 
and increasing trends with or without statistical significance (indicated by positive values – pink). 

 
The analysis of the total number of days with winter phenomena highlighted that, 

in the period 2008-2020, the hydrometric stations located at higher altitudes, in the 
northern part of the analyzed hydrographic area, have longer periods of winter 
phenomenon occurrence. However, even though temperatures may favor the type of 
phenomenon, the distribution of a specific winter phenomenon across the entire 
hydrographic area remains relatively uniform. Furthermore, a decrease in the annual 
number of days with winter phenomena was observed. 

 
4. CONCLUSIONS 
The average minimum monthly, annual, and seasonal discharges in the Argeș – 

Vedea hydrographic area were analyzed from different perspectives, revealing that 
these discharges are influenced by climate change in various ways. 

No
. River Gauging 

Station 

Statistic 
Level of 

Trust 

No
. River Gauging 

Station 

Statistic 
Level of 

Trust 
1 Vedea Alexandria > 23 Argeș Malu Spart > 
2 Arefu Arefu 0.1 24 Vâlsan Mălureni > 

3 Doamnei Bahna 
Rusului > 25 Argeșel Mioveni 0.00

1 

4 Vl. 
Bădenilor Bădeni 0.05 26 Neajlov Moara din 

Groapa 0.01 

5 Ciorogârla Bragadiru 0.05 27 Argeșel Nămăești 0.05 
6 Vâlsan Brădet > 28 Târgului Piscani 0.05 

7 Argeș Budești 0.05 29 Dâmbovița Podu 
Dâmboviței > 

8 Bughea Bughea de Jos 0.05 30 Sabar Poenari > 
9 Vedea Buzești > 31 Cârcinov Priboieni > 

10 Neajlov Călugăreni 0.1 32 Râușor Râușor > 
11 Cotmeana Ciobani > 33 Bratia Râușor Pod 0.1 
12 Doamnei Ciumești 0.05 34 Dâmbovița Râncăciov > 
13 Colentina Colacu 0.1 35 Râușor Rucăr 0.05 

14 Călmățui Crângu 0.1 36 Dâmbovni
c Slobozia > 

15 Glavacioc Crovu > 37 Teleorman Tătărăștii de 
Sus > 

16 Doamnei Dărmănești 0.1 38 Teleorman Teleormanu 0.1 
17 Cârcinov Dobrești 0.1 39 Neajlov Vadu Lat 0.1 
18 Dâmbovița Dragomirești 0.1 40 Vedea Văleni > 
19 Urlui Furculești > 41 Sabar Vidra 0.05 
20 Argeș Grădinari 0.01 42 Târgului Voina 0.1 

21 Râul Alb Gura 
Bărbulețului > 43 Târgului Voinești > 

22 Potop Gura Foii > 44 Argeșel Vulturești > 
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The spatial distribution of the average minimum specific annual and seasonal 
discharges, as well as those with different probabilities of occurrence, is approximately 
similar. The values decrease altitudinally from north to south, with the emergence of 
"islands" in the eastern part of the hydrographic area, where the Argeș River meets its 
main tributaries, Dâmbovița and Neajlov, and in the western part at the confluence of 
the Vedea and Călmățui rivers. 

The lowest seasonal minimum discharge values occurred in 59% of cases between 
1991-2000 and 41% between 2001-2020, with the January-March period being 
highlighted (55%). 

The occurrence of minimum discharges in November (22%) or December (20%) 
is more likely due to meteorological droughts during the warm season, which extend 
into the transitional season and even the beginning of the cold season, thus influencing 
the minimum discharge in rivers. 

The Argeș – Vedea hydrographic area is significantly affected by human activities, 
including a series of reservoirs, diversions, or channels. This influence is also reflected 
in the minimum discharge values; for example, at the Bragadiru hydrometric station 
on the Ciorogârla River, the values are very low due to the Arcuda and Brezoaele 
hydrotechnical constructions and the Ciorogârla boxed canal. 

From the analysis of the total number of days with winter phenomena, a yearly 
decrease in the number of days with winter phenomena was observed. 

In conclusion, it can be stated that climate change directly influences the minimum 
discharge in rivers by causing extended drought periods, as evidenced by the analysis 
of "0" values from the hydrometric stations. 
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