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Abstract 

The seasonality of stream flow variability indicates special feature 
of local cycle of precipitations, evaporation and the timing of snow 
melt. This study presents seasonal occurrence of maximal and 
minimal annual flows and spatial variability of seasonal index (Is) 
in the Middle and Lower Danube basin. The analysis is based on 
47 time series of monthly runoff (12 for the Danube and 35 for its 
tributaries), which are collected from public database. The results 
show that the maximum annual stream flow appears during all 
months, but with highest frequency in April for 68% from 
watersheds. It varies between one and 60% (Danube – Baziaz). 
The monthly flow is concentrated in summer–autumn hydrological 
season, except for the Jalomita, Siret and Prut river basins, where 
it is in the winter. The highest frequency of minimum monthly 
runoff for the Danube and the Tisza is in October and November 
and for the Sava and Velika Morava – in August and September. 
The lowest and highest monthly discharge of the given month in 
the entire period were recorded in different years. Seasonal index 
(Is) is between 0.98 and 3.18. It is about 1.00 for the Danube and 
more than 2.00 for the Tisza, Ialomita, Siret and Prut watersheds. 
Is is stability – coefficient of variation is up to 0.30 with the 
exception of several river basins. Stream flow variability of the 
Middle and Lower Danube can provide valuable information for 
scientific studies and integrated management of water resources. 

Keywords: monthly discharges, seasonal runoff variability, the 

Lower Danube 

Rezumat. Variabilitatea scurgerii sezoniere a 
fluviului Dunărea și a afluenților săi în cursurile 
mijlociu și inferior 

Variabilitatea sezonieră a scurgerii râurilor evidențiază aspecte 
importante ale ciclului precipitațiilor la nivel local, evaporare și 
timpul de topire a zăpezii.  Cercetarea prezintă apariția sezonieră 
a debitelor anuale maxime și minime  și variabilitatea spațială a 
indicelui sezonier (Is) în cursurile mijlociu și inferior ale Dunării. 
Analiza de studiu se bazează pe 47 serii temporale ale valorilor de 
precipitații medii (12 pentru Dunăre și 35 pentru afluenții săi), 
care au fost colectate de la baze de date publice. Rezultatele 
evidențiază răspândirea debitelor maxime anuale  la nivel de 
perioadă în fiecare lună a anului, dar cu o frecvență mai mare în 
luna aprilie pentru 68% din cazuri. Acestea variază între 1 și 60% 
(Dunăre-Baziaș). Scurgerea lunară/debitul lunar este concentrată 
în perioada hidrologică vară-toamnă, excepție făcând bazinele 
hidrografice Ialomița, Siret și Prut, cazuri în care concentrația 
acestora este vara. Frecvenșa cea mai mare a scurgerii minime 
lunare de precipitații pentru Dunăre și Tisa este prezentă în 
octombrie și noiembrie, iar pentru Sava și Velika Morava în august 
și septembrie. Valorile cele mai mari și cele mai mici ale debitelor 
lunare au fost înregostrate în zile diferite pentru o anumită lună. 
Indexul sezonier (Is) are valori cuprinse între 0.98 și 3.18, mai 
exact 1.00 pentru Dunăre și mai mult de 2.00 pentru bazinele 
hidrografice Tisa, Ialomița, Siret și Prut. Is este stabil pentru o 
variație mai mare de 0.30 cu excepția a câtorva bazine 
hidrografice. Variabilitatea scurgeri râurilor în bazinele mijlociu și 
inferior ale fluviului Dunărea poate oferi informații valoroase 
pentru studiile științifice și pentru managementul integrat al 
resurselor de aplociu și inferior 

Cuvinte-cheie: debite lunare, variabilitate sezonieră a 

precipitațiilor Dunărea inferioară 

 

Introduction 

The stream flow patterns closely follow rainfall 

patterns and variability in runoff volume is 
significantly longer than the rainfall volume for the 

same period. The river basins in temperate climate 
region show mean maximum runoff during spring 

and minimum annual flow in summer and autumn. 
At the same time, every river basin and stream 

reacts differently to weather conditions, such as 

precipitation, seasonal differences, and evaporation. 
One way to reveal the specificity of stream flow is to 

study the monthly distribution, frequency of monthly 
maximum and minimum values and indices for 

seasonal variability for a long period. Purposeful 

research about monthly maxima and minima of 
stream flow in the river basin of the Danube is made 

by Kovács (2010) on characterization on the runoff 

regime and its stability. Data for the index of 
seasonal variability for catchment of the Danube 

gives Dobrovolski (2011). Other relevant research 
on the river flow of the Danube are those of 

Gastescu, 1998, Hristova 2011, 2014, Rambu et. 
al.2012. 

This study investigates the frequency of monthly 

maximal and minimal streamflow as well as the 
temporal and spatial variability of seasonal index (Is) 

in Middle and Lower reaches of the Danube and its 
tributaries in these two sub-regions.  

Data and Methods 

This study uses monthly discharge data, collected 

from Global Runoff Data Centre (GRDC): Long-Term 
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Mean Monthly Discharges and Annual Characteristics 
of GRDC Station. 

There are47 gauging stations (12 along the 

Danube and 35 along its tributaries: Drava – 3, 
Tisza/Tisa – 14, Sava – 6, Timiș – 1, Velika Morava – 

2, Jiu – 1, Iskar – 1, Olt – 2, Ialomita – 1, Siret – 2, 
Prut – 2). The selection of the gauging station was 

based on the availability of data. Length of records 

varies between 13 years (Una – Novi Grad) and 151 
years (the Danube – Orșova). The period with 

hydrometric observations for half of gauging stations 
is between 40 and 80 years (Fig. 1). The area, 

period of observations, latitude and longitude for 
river basins is mentioned in Appendix 1. 

 

Fig. 1. Number of gauging sites with various 
lengths of record 

For each single year we established the month 

with the lowest and highest discharge. Month 

frequency analysis is applied. The frequency of 
monthly maximum and monthly minimum for each 

month over the entire period is calculated as 
percentage. The lowest and highest monthly 

discharge of the given month for the entire period 
was analyzed.  

The study calculates statistic characteristics of 

monthly minimum/maximum discharge time series: 
average, minimum, maximum, kurtosis, skewness, 

coefficient of variation. It searches combinations 
between monthly maximum and monthly minimum 

for isolation of regimes types.  

Coefficient of seasonal variability – Is, is 
calculated using the formula proposed by 

Dobrovolski (2011):  
 

(1) IS = (QMAX – QMIN)/Q , 

 
where QMAX is the highest monthly discharge of 

the given year, m3s;  

QMIN – the lowest monthly discharge of the given 
year, m3s; 

Q – mean discharge of all monthly discharges in 
the given year, m3s. 

Dobrovolski (2011) calculated the global value of 

Is – 3.0 and established that seasonal variation of 
monthly discharge is three time higher than the 

annual one. The same author uncovered 
relationships between the index of seasonal 

changeability and catchment’s area (in log10 and 
more than 100, 000 km), between Is and stream 

flow (in mm/year). 

Discussion 

Mean monthly maximum varies between 3760.2 
and 9976.5 m3/s (Table 1). Values are generally 

stable for the entire period and do not register large 
fluctuations – coefficient of variation is 0.17–0.26. 

Mean monthly maximum increases along the 

Danube about three times, just like the mean annual 
discharge. It is similar to the average maximum 

discharge, as it was determined by Gâştescu at al. 
(2012) for the 1921–1930 period. The absolute 

monthly maximum was registered in June, 1965 for 
the Danube from Nagymaros till Bogojevo, in April, 

1940 and 1942 respectively, for the Danube – 

Pancevo and the Danube – Veliko Gradiste, April, 
2006 the Danube – Bazias, Danube – Zimnicea and 

Danube – Ceatal Izmail (Appendix 2). Orșova and 
Hârșova along the Danube make exception, the 

absolute monthly maximum being registered in 

June, 1897 and May 1970, respectively (Appendix 
2). 

The time series of monthly maximum features 
positive skewness, except for Danube – Harsova. 

Kurtosis of time series of monthly maximum is 

positive for the middle reaches of Danube and 
negative downstream of Bogojevo (Table 1).  

The value of average monthly minimum along 
the Danube varies between 1274.9 and 3616.6 m3/s 

(Table 1). It varies more than the monthly maximum 
– Cv is from 0.17 (Danube – Bazias) to 0.40 

(Danube – Hârșova). The distribution of time series 

for monthly minimum is asymmetric, similar to the 
time series of monthly maximum (Table 1). 

Table 1 Statistical parameters of monthly maximum and monthly minimum for the Danube 

River – 
gauging station 

Monthly maximum Monthly minimum 

Q (m3/s) 
Cv Kurt. 

Skew
. 

Q (m3/s) 
Cv Kurt. Skew 

Min. Av. Max. Min. Av. Max. 

Danube – Nagymaros 2106 3760,2 7061 0,22 1,62 0,85 626 1274,9 2190 0,23 0,17 0,48 

Danube – Mohács 2350 3690,5 7223 0,24 2,38 0,96 672 1367,8 2356 0,25 0,51 0,50 
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Danube – Bezdan 1700 3647,2 7570 0,26 2,59 1,04 749 1322,1 2052 0,22 -0,38 0,34 

Danube – Bogojevo 2796 4522,6 8153 0,22 1,03 0,76 959 1653,9 2542 0,21 -0,20 0,35 

Danube – Pančevo 5070 8492,8 12 173 0,19 -0,38 0,41 1454 2841,1 5136 0,25 1,20 0,72 

Danube – V. Gradište 6155 9277,4 13 140 0,21 -0,70 0,40 1461 2986,7 5408 0,29 1,61 0,92 

Danube – Bazias 6832 8690,8 14 093 0,22 2,60 1,59 1916 2911,9 3812 0,17 -0,23 -0,36 

Danube – Orșova 4812 9009,6 13 324 0,21 -0,26 0,39 1645 2987,4 5734 0,25 0,89 0,90 

Danube – Zimnicea 5739 9761,9 14 510 0,20 -0,36 0,37 1411 3258,7 6169 0,26 1,77 0,76 

Danube – Hârșova 2839 9036,3 13 947 0,29 0,15 -0,64 358 2995,9 6679 0,40 0,57 -0,02 

Danube – Silistra 6408 9785,6 13 408 0,17 -0,47 0,17 1785 3285,1 6586 0,32 2,15 1,23 

Danube – C. Izmail 6100 9976,5 14 673 0,18 -0,20 0,27 1889 3616,6 7160 0,26 2,14 1,01 

 

The absolute monthly minimum discharge of the 
given period for the Danube was recorded in 

October, 1947 between Nagymaros and Veliko 
Gradiste and in January, 1954 for lower course 

(Appendix 3) or during the longest dry period in 
Europe in the 20th century – from 1947 to 1954. 

The exception is Danube – Hârșova, where the 

lowest monthly discharge (358 m3/s) was registered 
in September 2003. The frequency of monthly 

maxima of stream flow is highest in July and June 
for the middle reaches and in April from Pančevo till 

Ceatal Izmail (Table 2). It varies during these 
months between 23 and 61%. Monthly maximum is 

recorded very rarely during August–October period 
and rarely in winter. 

The frequency of monthly minima is highest for 
the middle reaches of the Danube in November, 

September and October after Pančevo (Table 3). 

There was registered no monthly minimumstream 
flow in April and May. Single cases were recorded 

during May and June. 

Table 2 Frequency (%) of monthly maximum for the Danube 

River – station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Danube – Nagymaros 3 5 8 9 17 20 23 8 3 1 2 2 

Danube – Mohács 3 4 10 12 7 25 23 9 1 – 3 3 

Danube – Bezdan 4 1 9 15 13 24 21 6 3 – 3 3 

Danube – Bogojevo 1 – 6 19 9 29 21 8 3 – 3 1 

Danube – Pančevo 4 3 15 40 18 5 3 – – – 4 8 

Danube – V. Gradište 3 3 20 40 18 10 3 – – – – 5 

Danube – Bazias 6 – 11 61 11 – – – – – 11 – 

Danube – Orșova 3 3 12 35 25 8 4 1 – – 3 6 

Danube – Zimnicea 5 3 14 40 15 13 3 – – 1 4 4 

Danube – Hârșova 5 1 11 36 21 13 3 – – 1 4 5 

Danube – Silistra 5 3 19 35 16 14 3 – – – 3 3 

Danube – Ceatal Izmail 4 – 8 26 25 20 6 1 – 1 3 6 

Table 3 Frequency (%) of monthly minimum for the Danube 

River – station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Danube – Nagymaros 19 11 3 – – – 1 1 3 18 24 21 

Danube – Mohács 14 13 1 – – – 1 1 6 20 23 19 

Danube – Bezdan 21 16 1    1 1 4 20 18 18 

Danube – Bogojevo 21 17 1 – – – 1 3 5 17 21 14 

Danube – Pančevo 12 4 – – – 1 4 12 30 26 7 3 

Danube – V. Gradište 20 5 – – – – 3 8 23 30 8 5 

Danube – Bazias – – – – – 6 6 33 33 17 6 – 

Danube – Orșova 19 10 1 – – – 2 7 21 21 11 7 

Danube – Zimnicea 8 1 – – – – 5 11 29 24 19 4 

Danube – Hârșova 6 4 – – – – 5 11 21 29 20 4 

Danube – Silistra 5 – – – – – 5 14 19 38 16 3 

Danube – Ceatal Izmail 6 4 – – – – 4 8 21 27 25 4 

             

Results show five combinations between monthly 

maximum and monthly minimum for the Danube: 
July–November (for Danube – Mohács and Danube – 

Nagymaros); June–January (Danube – Bezdan and 

Danube – Bogojevo); June–November (Danube – 

Bogojevo); April–September (Danube – Panchevo, 
Danube – Bazias, Danube – Orșova, Danube – 

Zimnicea); April–October (Danube – Veliko Gradiste, 
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Danube – Harsova, Danube – Silistra, Danube – 
Ceatal Izmail) (Table 2 and 3, Figure 2). 

There are two types of regime according to the 

highest frequency of monthly maxima and monthly 
minima of the stream flow along the Danube 

between Nagymaros and Ceatal Izmail. The first 
type is distinguished for summer maximum 

(June/July) and winter minimum (January and 

November) and it is typical for the Danube from 
Nagymaros up to  Bogojevo (Fig. 2). The frequency 

of monthly maxima and monthly minima is higher 
during these months (Table 2 and 3).  

The second type is marked by spring maximum 

and autumn minimum of stream flow (Fig. 2). 
Monthly maxima of river runoff are in April and the 

frequency varies between 26 and 61% (Table 2). 
Monthly minimum discharge shows stable 

appearance during September and October (Table 3, 

Figure 2). 

 

Fig. 2. Monthly maximum and monthly minimum for the Danube 

Statistics of monthly maximum for tributaries of 

the Danube show large variations (Cv is 0,21–0,58) 
and positive skewness, (except for Drava – Borl and 

Tisza – Tiszapalkonya) (Table 4). The ratio between 
value of minimum and maximum for analyzed 

characteristic is large for all river basins. It is 
between three and five times and reaches to 14 

times for rivers Sajo, Timiș and Ialomița (Table 4). 

The picture of highest monthly discharges of 
given month in the entire period shows large 

differences for appearing of absolutely highest 
stream flow (Appendix 2). More of absolutely 

monthly maximum is during spring hydrological 

season (March–June), but in different years. The 
Sava River is an exception, as well asthe Tisza (Tisza 

– Szolnok and Tisza – Polgar), where the highest 
monthly maximum appears during November and 

February, respectively (Appendix 2). Data shows 

that 1970, 1979 and 1981 in the 20th century are 
the years with highest monthly maximum for a lot of 

river sub-basins of the Danube watershed. In other 
words, highest monthly flow peak shows regularity 

in time and space.  
The values of monthly minimum discharge for 

the Danube tributaries varies quite a lot (Table 4). 

The ratio between the minimum and maximum 
value is between 1 and 12, except for several river 

basins (Körös – Gulja, Zagyva – Jasztelek, Timiș – 

Sag and Tisza –Tiszabecs). Results for lowest 

monthly discharges of given month in the entire 
period discloses the following: the absolutely 

monthly minimum of stream flow is typical for 
August–October, but in different years. It is 

registered during January for the Olt, Ialomita, Siret 
and Prut. A lot of the lowest monthly discharges 

occurred during the 1988–1992 and 2000–2003 

period or during the dry periods in most Europe. 
Other dry years for the sub-basins of the Danube 

are 1934 (May, for the Tisza river basin), (1946 and 
1947, September–October), 1950 (May–August) and 

1962 (June–July) (Appendix 3). There are no 

geographical regularities in the study areas.  
The frequency of the highest monthly discharges 

is normally higher during the spring months – April 
and May, except for the Sava River, where it is 

registered during November and December (Table 

5). It is very rarely in August–October and during 
the winter months.  

Frequency of monthly minima of stream flow 
typically is higher during August and September with 

the exception of the Olt, Siret and Prut rivers, where 
it is in January and December (Table 6). An isolated 

phenomenon is observed during spring hydrological 

season. The appearance of monthly minima of river 
runoff is very stable for a lot of river basins and it is 
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the response to the dry summer and cold winter in temperate climate. 

Table 4 Statistical parameters of monthly maxima and minima for the Danube tributaries 

River – 
gauging station 

Monthly maximum 
Cv Kurt. Skew. 

Monthly minimum 
Cv Kurt. Skew. 

Min. Av. Max. Min. Av. Max. 

Drava – D. Miholjac  487,0 939,7 1753,0 0,28 1,74 1,16 194,0 300,2 447,0 0,20 -0,04 0,62 

Drava – Borl 70,3 543,0 879,7 0,32 1,09 -0,36 0,0 130,5 201,5 0,38 0,70 -1,02 

Mur – G. Radnova 142,7 287,2 551,6 0,28 1,07 0,97 48,6 72,5 102,7 0,17 -0,39 0,28 

Tisza –Tiszabecs 63,9 460,2 905,1 0,40 0,58 0,24 3,6 54,8 127,9 0,50 1,04 0,64 

Tisza/Tisa – Szeged 674,3 1819,7 3489,6 0,34 0,17 0,52 108,8 275,6 820,2 0,48 2,72 1,39 

Tisza/Tisa – Szolnok 513,0 1291,8 2216,0 0,30 1,31 0,41 83,1 191,8 320,0 0,37 -0,74 0,32 

Tisza/Tisa – Polgar 489,0 1248,7 2270,0 0,38 -0,67 0,55 71,0 154,4 506,0 0,49 7,78 2,35 

Tisza – Tiszapalkonya 710,1 1146,4 1456 0,20 0,03 -0,68 72,8 150,8 306,0 0,48 0,49 1,11 

Tisza/Tisa–Senta 635,0 1743,6 3185,0 0,33 0,10 0,53 118,0 286,5 764,0 0,46 3,15 1,55 

Szamos–Szenger 104,6 320,0 720,2 0,42 0,83 0,99 13,4 33,6 80,9 0,45 0,75 1,09 

Szamos – Satu Mare 132,0 326,2 755,9 0,42 1,12 1,09 9,7 34,8 98,1 0,49 1,97 1,15 

Sajo – Felsőzsolca 17,3 84,2 250,1 0,50 1,60 0,99 2,0 8,5 24,9 0,57 1,13 1,15 

Zagyva – Jasztelek 4,2 12,3 26,8 0,59 -0,37 0,90 0,1 1,3 3,0 0,63 -0,37 0,46 

Körös – Gulja 30,7 67,7 141,4 0,49 0,18 0,98 0,0 3,9 7,71 0,62 -1,22 0,19 

Maros – Mako 156,7 404,6 1017,5 0,40 3,17 1,39 26,5 60,3 131,8 0,39 1,30 1,16 

Maros – Alba Iulia 97,8 271,9 578,0 0,38 0,48 0,70 8,0 33,3 70,0 0,42 0,39 0,77 

Maros –Arad 131,0 417,3 930,5 0,42 0,55 0,83 11,0 54,2 141,0 0,50 1,09 1,04 

Sava – Hrastnik 326,1 551,2 1025,3 0,25 1,26 0,88 52,0 115,7 238,8 0,30 1,50 0,74 

Sava – Radeče 239,4 445,5 749,0 0,24 -0,26 0,21 48,6 94,4 187,3 0,31 1,18 0,92 

Sava – Čatež 198,1 332,2 692,6 0,36 4,22 1,83 35,7 65,3 96,5 0,26 -0,57 0,30 

Sava – Sr. Mitrovica 1920,0 3115,6 4800,0 0,21 -0,27 0,51 229,0 509,9 1290,0 0,36 2,92 1,28 

Una – Novi Grad 311,2 465,3 623,5 0,19 0,13 0,24 48,0 63,3 78,5 0,16 -1,25 -0,24 

Lim – Prijepolje 109,4 175,2 306,0 0,26 0,84 0,94 10,2 17,1 36,5 0,31 5,15 1,97 

Timiș – Sag 28,9 110,7 332,1 0,49 4,70 1,55 0,62 3,8 26,9 1,21 14,05 3,43 

V. Morava – L.most 187,6 564,5 1056,0 0,33 -0,32 0,38 29,3 69,3 176 0,42 3,15 1,62 

Ibar – Leposavić 30,3 62,2 120,6 0,42 0,08 0,92 4,1 8,8 13,4 0,25 0,17 0,12 

Jiu – Rodari 89,1 208,5 521,0 0,38 3,56 1,28 6,3 26,9 65,9 0,43 1,37 0,94 

Iskar – Orehovitsa 42,3 132,6 295,0 0,44 0,32 0,74 4,8 18,3 36,3 0,45 -0,24 0,60 

Olt – Cornet 94,9 253,1 512,7 0,40 0,41 0,77 22,8 48,2 97,5 0,30 1,73 0,84 

Olt – Stoeneşti 182,0 363,2 776,0 0,36 4,29 1,58 33,0 56,2 117 0,37 3,66 1,77 

Ialomița – Coşereni 20,1 91,7 275,4 0,58 3,42 1,62 3,4 15,8 35,8 0,46 -0,26 0,70 

Siret – Dragesti 51,0 240,2 468,3 0,50 -0,96 0,33 5,0 22,3 45,7 0,44 -0,29 0,61 

Siret – Lungoci 132,6 504,3 1223,3 0,52 0,18 0,83 32,7 84,0 178,4 0,45 -0,03 0,75 

Prut – Chernivsti 48,9 186,7 447,0 0,50 1,59 1,29 6,0 16,9 40,3 0,48 1,54 1,22 

Prut – Rădăuţi 56,1 213,2 568,3 0,47 3,31 1,37 0,0 24,5 53,8 0,54 -0,31 0,26 

 
The seasonal variability is driven by weather 

conditions and seasonal climatic patterns in the 
watershed. Mean value of Is is between 0,99 (the 

Danube – Bogojevo) and 1,12 (the Danube – 

Harsova) (Table 7). The results are similar to those 
obtained by Dobrovolski (2011). The author 

calculates that the index Is is 1,34 for river basins is 
West Europe and 0,2–2,4 for the Danube 

catchment.  
The mean values of Is for all gauging stations are 

similar. It relates for maximum and minimum values 

also (Table 7). Cv is less than 0.30 and proves 

stability of seasonal variation for the stream flow of 

the main river.  
Seasonal changeability of the Danube for the 

analysed  period fluctuates between 0.5 and 2.00 

and it is similar for all gauging stations (Fig. 2). 
Results show little deviations around these values: 

less than 0.50 for four gauging stations – Mohács, 
Bezdan and Bogojevo during 1947 and Orșova in 

1918 ; more than 2.00 for Danube – Hârșova and 
Danube – Zimnicea during 1947 again. Multiannual 

variability of Is confirms the stability of river regime 
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for the Danube. It shows that influence of climate is higher than the anthropogenic impact. 

Table 5 Frequency (%) of monthly maxima for the Danube tributaries 

River – 
gauging station 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Drava – D. Miholjac      3 2 29 42 6 3 2 8 5   

Drava – Borl         21 46 7 4 4 14 4   

Mur – G. Radnova     3 2 38 20 14 11 2 9 2   

Tisza –Tiszabecs 10 3 8 38 23 3 5       5 5 

Tisza/Tisa – Szeged 10 1 15 35 19 5 3 1     8 3 

Tisza/Tisa – Szolnok 5 5 10 38 24 5         5 10 

Tisza/Tisa – Polgar 11 5 24 27 16 2 2   2   5 5 

Tisza – Tiszapalkonya 8   8 33 25 8 8       8   

Tisza/Tisa–Senta 10 4 13 36 20 6 1 1     5 4 

Szamos–Szenger 11 12 23 23 14 8 3       5 2 

Szamos – Satu Mare 10 8 25 27 10 7 4       6 4 

Sajo – Felsőzsolca 7 8 28 21 10 5 2 3   2 7 9 

Zagyva – Jasztelek 6 6 19 19 31 6 6         6 

Körös – Gulja 13 13 25 19 19   6         6 

Maros – Mako 5 3 9 38 26 11 5       2 2 

Maros – Alba Iulia   5 9 55 14 9 5     2   2 

Maros –Arad 2 2 11 37 23 14 6   1 1 1 2 

Sava – Hrastnik 4 7 11 15 4 2 2   2 11 24 19 

Sava – Radeče 4 5 8 16 7 6 2   1 12 24 15 

Sava – Čatež 6 6 12 6         6 18 24 24 

Sava – Sr. Mitrovica 9 9 12 26 13 1 1     2 8 18 

Una – Novi Grad   8 38 15 15           8 15 

Lim – Prijepolje 3 3 6 45 18         3 12 9 

Timiș – Sag 4 8 8 38 15 19         4 4 

V. Morava – L.most 4 18 26 26 13 6 1       3 4 

Ibar – Leposavić 9 9 23 27 5 5 5       5 14 

Jiu – Rodari 2 5 8 31 22 10 2 2   2 8 8 

Iskar – Orehovitsa   8 16 24 29 3 8 5   5 3   

Olt – Cornet       36 23 14 14 5 5 5     

Olt – Stoeneşti       43 38 10 5     5     

Ialomița – Coşereni 2 3 10 25 16 20 7 3 2 2 7 5 

Siret – Dragesti     2 32 15 17 11 15 6 2     

Siret – Lungoci 2 2 3 38 13 16 8 10 7 2     

Prut – Chernivsti     2 29 36 18 7 7     2   

Prut – Rădăuţi       27 32 19 5 14 3       

 
Seasonal variability for tributaries of the Danube 

is higher than that of the main river. Coefficient Is in 
the sub-catchments varies between 1.14 (Drava – 

Donji Miholjac) and 3.01 (Timis – Sag) (Table 8). It 

is less than 2.00 for river basins of the Drava, Sava 
and Olt river, for Tisza/Tisa–Senta and Ibar – 

Leposavić. Results confirm conclusions by Kovács 
(2010) about stability of regime in sub-catchments 

areas of the Danube river basin.  
Is varies between 0.21 (Olt – Stoeneşti) and 0.43 

(Drava – Borl). It is not much higher than Cv of the 

Danube and it indicates a comparatively constancy 

of seasonal changeability. This fact is quite 
interesting, because values of monthly maxima and 

minima vary in large interval during the observation 

period (Table 4).  
The maximum and minimum of Is varies in large 

interval (Table 8). The detailed analysis did  not find 
any regularity about years, when the coefficient Is is 

the lowestor largest. The extreme values of seasonal 
variability are fixed for every river basin during the 

different years. 

Table 6 Frequency (%) of monthly minima for the Danube River 

River – 
gauging station 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Drava – D. Miholjac  29 19 8     2 6 11 8 16 

Drava – Borl 25 36 4    4  4 7 4 18 

Mur – G. Radnova 33 31 2     3 3 3 9 16 
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Tisza –Tiszabecs 13 8 5    3 13 10 18 18 13 

Tisza/Tisa – Szeged 11 3   1 1 4 13 22 30 10 5 

Tisza/Tisa – Szolnok 19      5 19 24 14 14 5 

Tisza/Tisa – Polgar 11    2  7 15 24 33 5 4 

Tisza – Tiszapalkonya 25      8 33 8  25  

Tisza/Tisa–Senta 16 3,8     8 11 19 29 11 3 

Szamos–Szenger 9   2 2  5 11 22 34 12 5 

Szamos – Satu Mare 14 6   1 1 5 12 20 29 10 2 

Sajo – Felsőzsolca 13 2 1   2 4 22 28 15 7 7 

Zagyva – Jasztelek        44 31 19  6 

Körös – Gulja 6      6 13 25 13 38  

Maros – Mako 12 5 2    3 6 18 25 17 12 

Maros – Alba Iulia 16 3     5 7 21 26 14 9 

Maros –Arad 15 8    1 2 5 22 20 15 11 

Sava – Hrastnik 11 9  2  4 9 31 15 11 6 2 

Sava – Radeče 13 15 1 1  2 12 26 9 13 5 2 

Sava – Čatež 6 12     6 47 18 12   

Sava – Sr. Mitrovica 4 1    1 5 41 35 11 1 1 

Una – Novi Grad  8      46 31 8 8  

Lim – Prijepolje 3      3 36 39 12 3 3 

Timiș – Sag 10 2 2   2 6 15 10 25 23 4 

V. Morava – L.most 5 1   3 3 1 24 35 26 1 1 

Ibar – Leposavić 5    5  14 32 27 9 5 5 

Jiu – Rodari 15 3   2  2 27 20 22 3 5 

Iskar – Orehovitsa 8 3   3  16 50 13 5 3  

Olt – Cornet 34 9    2 2  7 5 16 25 

Olt – Stoeneşti 14 10     5  10 29 14 19 

Ialomița – Coşereni 10 5 2   2 3 28 21 15 5 10 

Siret – Dragesti 43 15      2  4 9 28 

Siret – Lungoci 26 7  3  3 3 2 13 11 11 20 

Prut – Chernivsti 43 21   2   2 4 2 9 18 

Prut – Rădăuţi 38 19     3  8  11 22 

Table 7 Statistics of Is for the Danube River 

River – station 
Is 

Cv River – station 
Is 

Cv min av. max min av. max 

Danube – Nagymaros 0,49 1,06 2,08 0,28 Danube – Bazias 0,73 1,08 1,76 0,25 

Danube – Mohács 0,46 0,99 1,72 0,29 Danube – Orșova 0,32 1,08 1,91 0,27 

Danube – Bezdan 0,42 1,01 1,73 0,29 Danube – Zimnicea 0,55 1,09 2,11 0,25 

Danube – Bogojevo 0,35 0,99 1,74 0,28 Danube – Hârșova 0,50 1,12 2,08 0,27 

Danube – Pančevo 0,51 1,07 1,95 0,25 Danube – Ceatal Izmail 0,52 0,99 1,73 0,23 

Danube – V. Gradište 0,54 1,10 1,95 0,28 Danube – Silistra 0,56 1,07 1,91 0,26 
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Fig. 3. Value of Is for observation period of the Danube 

Table 8 Statistics of Is for the Danube tributaries 

River – station 
Is 

Cv River – station 
Is Cv 

min av. max min av. max  
 

Drava – Donji Miholjac 0,65 1,14 1,90 0,28 Sava – Hrastnik 1,05 1,72 3,70 0,41  

Drava – Borl 0,88 1,53 3,94 0,43 Sava – Radeče 0,87 1,55 3,10 0,28  

Mur–Gornja Radnova 0,72 1,36 2,01 0,24 Sava – Čatež 0,96 1,58 3,68 0,32  

Tisza/Tisa –Tiszabecs 1,22 2,23 3,88 0,26 Sava – Sr. Mitrovica 0,87 1,68 3,08 0,22  

Tisza/Tisa – Szeged 1,06 1,88 3,41 0,28 Una – Novi Grad 1,29 1,95 2,52 0,18  

Tisza/Tisa – Szolnok 1,14 1,94 2,73 0,26 Lim – Prijepolje 1,32 2,18 3,18 0,21  

Tisza/Tisa – Polgar 1,15 2,11 3,77 0,29 Timiș – Sag 1,45 3,01 6,48 0,32  

Tisza – Tiszapalkonya 1,37 2,01 2,69 0,23 V. Morava – Ljub. most 1,12 2,17 4,18 0,27  

Tisza/Tisa–Senta 0,98 1,85 3,09 0,27 Ibar – Leposavić 1,13 1,97 3,05 0,23  

Szamos–Szenger 1,12 2,23 3,65 0,26 Jiu – Rodari 1,09 2,15 4,02 0,36  

Szamos – Satu Mare 0,07 2,25 4,45 0,33 Iskar – Orehovitsa 1,16 2,04 4,07 0,37  

Sajo – Felsőzsolca 0,99 2,46 4,69 0,29 Olt – Cornet 0,98 1,77 3,14 0,29  

Zagyva – Jasztelek 1,63 2,63 4,77 0,35 Olt – Stoeneşti 1,01 1,90 2,57 0,21  

Körös – Gulja 1,66 2,78 4,84 0,30 Ialomița – Coşereni 0,89 1,85 4,17 0,34  

Maros – Mako 0,94 1,98 3,83 0,28 Siret – Dragesti 0,97 2,60 4,77 0,33  

Maros – Alba Iulia 1,03 2,26 4,10 0,30 Siret – Lungoci 0,72 2,02 3,32 0,34  

Maros –Arad 1,03 2,12 4,23 0,28 Prut – Chernivsti 1,05 2,53 4,49 0,33  

     Prut – Rădăuţi  1,07 2,33 4,79 0,36  

 

Seasonal variability does not change along the 

Danube (Table 7). This result does not confirm the 
conclusion of Dobrovolski (2011), who affirmed that 

index Is increases for the Middle Danube and 

decreases after the confluence with the Sava River. 
The study finds a weak relationship between 

seasonal variability and latitude for the Danube and 
its tributaries (Fig. 3 and Fig. 4). The drainage area 

(A) is not an appropriate indicator for spatial 
analysis of seasonal variability – there is no good 

relationship between A and seasonal index. The 

points on the graph show a tendency for Is 

decreasing when the drainage area increases.  
The seasonal changeability of the Danube and its 

tributaries depends on the QMAX and QMIN. The 

relationship between the index of seasonal variation 
and logarithms QMAX and QMIN is inversely 

proportional, with the coefficient of correlation of -
0.74 and -0.75 respectively (Fig. 5). It shows that 

the influence of monthly maxima and monthly 
minima on seasonal changeability increases when 

the values of QMAX and QMIN are decreasing. 
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Fig. 4. Relationship between Is and latitude for: a) Danube River; b) tributaries of Danube River 

 

Fig. 5. Relationship between Is and: a) QMAX; b) QMIN

Conclusion 

The study shows that the anthropogenic activities 
(hydrotechnical infrastructure, irrigation systems 

etc.) do not induce any change to the months with 

maximum and minimum river flow. The climate 
imposes a marked seasonality on river flows with 

maximum flows normally in winter and minimum 
flows normally occurring in the summer or autumn 

except for the Sava river basin.  

The appearance and frequency of monthly 
maxima and monthly minima of stream flow is 

changed along the Danube under the influence of its 
tributaries.  

Seasonal changeability of the Danube and its 
tributaries is stable along the analysed years – the 

large deviations are isolated phenomena. 

References 

Dobrovolski, S.G., 2011. Globalnie izmenenia 
rechnogo stoka. M, Geos, 144–164, 456–464 . 

Gâştescu, P. (1998). Danube river: Hydrology and 
geography. In Encyclopedia of Hydrology and 

Lakes (pp. 159-161). Springer Netherlands 

Gâstescu P., Tuchiu E. (2012). The Danube River in 
the lower sector in two hydrological hypostases – 

high and low waters. – Riscuri si catastrofe, 10 
(1), Casa Cărtii de Stiintă Cluj-Napoca. 

http://riscurisicatastrofe.reviste.ubbcluj.ro/Volum

e/XI_Nr_10_1_2012/PDF/Gastescu.pdf 
Hristova, N. 2011. Major basins in Danube 

hydrogeographical region in Bulgaria. – Annals of 
the University of Craiova – Series Geography, 

XIV, 26–34. 

Hristova, N. (2014). Extreme low flow of the 
Topolovets and Voinishka Rivers (Danube 

tributaries, Bulgaria). Forum geografic, XIII(1), 
34-38. doi:10.5775/fg.2067-4635.2014.066.i  

Kovács P. (2010). Characterization of the runoff 

regime and its stability in the Danube Catchment, 
In: M. Brilly (ed.) (2010): Hydrological Processes 

of the Danube Basin – Perspectives from the 
Danubian Countries. Springer Science+Business 

Media B. V., 143–173.  
http://www.bafg.de/GRDC/EN/03_dtprdcts/32_LTM

M/longtermmonthly_node.html;jsessionid=398A3

9F5EBE46B23B9E2EB85A21766B9.live104 
Rîmbu, N., Boroneanţ, C., Buţă, C., & Dima, M. 

(2002). Decadal variability of the Danube river 
flow in the lower basin and its relation with the 

North Atlantic Oscillation. International Journal of 

Climatology, 22(10), 1169-1179 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XIII, Issue 2 (December 2014), pp. 164-177 
http://dx.doi.org/10.5775/fg.2067-4635.2014.063.d 

173 forumgeografic.ro 

  

Appendix 1. Data for gauging stations 

River Station A (km
2
) Period  n Latitude Longitude 

       

Danube Nagymaros 183 533 1893–1999 106 47.78 18,95 

Danube Mohács 209 064 1931–1999 69 46 18,67 

Danube Bezdan 210 245 1931–2010 80 45.85 18,87 

Danube Bogojevo 251 593 1931–2009 77 45.53 19,08 

Danube Pančevo 525 009 1931–2003 73 44.87 20,64 

Danube Veliko Gradište 570 375 1931–1970 40 44.80 21,4 

Danube Bazias 570 896 1991–2008 18 44.81 21,37 

Danube Orșova 576 232 1840–1990 151 44.70 22,42 

Danube Zimnicea 658 400 1931–2010 80 43.62 25,35 

Danube Hârșova 709 100 1931–2009 77 44.68 27,09 

Danube Silistra 689 700 1941–1999 59 44.13 27,26 

Danube Ceatal Izmail 807 000  1921–2010 89 45.21 28,71 

Drava Donji Miholjac 37 142 1921–1984 64 45.76 18,16 

Drava Borl 14 661 1954–1981 28 46.37 15,99 

Mur Gornja Radnova 10 197 1946–2009 64 46.68 15,99 

Tisza/Tisa Tiszabecs 9707 1937–1995 59 48.09 22,81 

Tisza/Tisa Szeged 138 408 1921–1999 79 46.25 20,16 

Tisza/Tisa Szolnok 75113 1973–1995 23 47.18 20,2 

Tisza/Tisa Polgar 62 723 1921–1979 59 47.86 21,08 

Tisza/Tisa Tiszapalkonya 62 723 1980–1995 16 47.88 21,06 

Tisza/Tisa Senta 140 130 1931–2010 80 45.93 20,08 

Szamos (Someș) Szenger 15 283 1931–1995 65 47.83 22,68 

Szamos Satu Mare 15 385 1925–2008 84 47.78 22,87 

Sajo Felsőzsolca 6440 1891–1995 105 48.11 20,84 

Zagyva Jasztelek 4207 1978–1995 18 47.48 19,97 

Körös Gulja 4251 1978–1995 18 46.65 21,28 

Mureș (Maros)  Mako 30 149 1930–1995 66 46.21 20,48 

Maros  Alba Iulia 18 055 1951–2008 58 46.03 23,58 

Maros  Arad 27 280 1877–2008 132 46.16 21,32 

Sava Hrastnik 5177 1993–2009 17 46.12 15,09 

Sava Radeče 7084 1909–1994 86 46.07 15,18 

Sava Čatež 10 186 1956–2009 54 45.89 15,60 

Sava Sremska Mitrovica 87 966 1926–2010 85 44.98 19,61 

Una Novi Grad 8507 1978–1990 13 45.07 16,38 

Lim Prijepolje 3160 1978–2010 33 43.37 19,64 

Timiș Sag 4493 1961–2008 48 45.64 21,17 

Velika Morava Ljubicevski most 34 345 1931–2010 80 44.58 21,13 

Ibar Leposavić 4701 1978–2000 23 43.10 20,8 

Jiu Rodari 9334 1950–2008 59 44.25 23,78 

Iskar Orehovitsa  1953–2005 52   

Olt Cornet 13 733 1967–2010 44 45.38 24,29 

Olt Stoeneşti 22 683 1950–1970 21 44.11 24,5 

Ialomița Coşereni 6265 1950–2010 61 44.69 26,57 

Siret Dragesti 11 899 1962–2008 47 46.72 26,94 

Siret Luongoci 36 030 1950–2010 61 45.55 27.ян 

Prut Chernivsti 6890 1931–1995 56 48.29 25,93 

Prut Rădăuţi 9074 1960–2008 49 48.24 26,81 
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Appendix 2. Highest monthly discharge of the given month in the entire period 

River Station 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year 

                          

Danube Nagymaros 5008 1920 4408 1941 5907 1940 5083 1944 5556 1965 7061 1965 5669 1926 5114 1897 4206 1920 3447 1922 3766 1998 3920 1974 

Danube Mohács 3999 1948 4714 1945 4715 1940 4849 1988 5352 1965 7223 1965 5476 1965 5319 1966 3699 1938 3258 1937 4059 1998 4018 1939 

Danube Bezdan 4156 1948 4260 1966 4733 1937 5899 2006 5750 1965 7570 1965 6080 1965 5520 1966 3940 1966 3560 1937 3913 1998 4219 1944 

Danube Bogojevo 4545 1948 4725 1977 5586 1941 6844 2006 6621 1965 8153 1965 6954 1965 6393 1966 4988 1966 4823 1937 4694 1998 5067 1944 

Danube Pančevo 8690 1982 8850 1977 10943 1941 12173 1940 11965 1970 12015 1965 10349 1965 8013 1955 6985 1941 7360 1974 9750 1974 10591 1944 

Danube V. Gradište 8752 1948 9386 1963 11568 1942 13140 1942 12650 1970 12294 1965 10631 1965 8551 1955 7430 1941 7603 1937 9668 1941 10994 1944 

Danube Bazias 8001 1994 7476 2000 10101 1999 14093 2006 10530 2006 9527 2006 6736 1999 6564 1991 5721 2005 6587 1998 8962 1998 7468 1996 

Danube Orșova 10303 1926 10045 1977 11587 1941 13289 1888 12996 1853 13324 1897 12252 1926 10657 1926 8290 1851 8108 1912 9864 1974 10909 1944 

Danube Zimnicea 10186 1953 10501 1979 11643 1941 14510 2006 
13 

792 
1970 13109 1970 12109 1965 8956 1955 7821 1966 7968 1937 10119 1974 10442 1944 

Danube Hârșova 11014 1982 9900 1979 11845 1977 13940 1942 
13 

947 
1970 13570 1970 12252 1965 8963 1955 7781 1966 8289 1972 10435 1974 10268 1944 

Danube Silistra 10383 1953 9421 1948 11466 1941 13070 1942 
12 

607 
1942 13408 1965 12691 1965 9192 1955 8055 1966 7026 1998 9544 1941 10468 1944 

Danube Ceatal Izmail 10880 1982 9771 1970 11902 1970 14673 2006 
14 

518 
1970 14149 1970 12948 1940 11709 1926 9729 2005 9486 1972 10893 1974 10555 2010 

Drava D. Miholjac 762 1977 657 1977 997 1947 1092 1937 1321 1951 1753 1951 1700 1972 1202 1966 1161 1937 1101 1937 1314 1926 925 1923 

Drava Borl 279 1961 341 1977 384 1978 557 1975 717 1978 838 1965 724 1972 739 1966 880 1965 563 1960 558 1966 493 1960 

Mura G. Radnova 145 1983 190 1951 248 1947 321 2009 433 1951 552 1965 459 1972 456 1966 296 2009 325 1996 271 1958 205 2002 

Tisza/Tisa Tiszabecs 839 1948 609 1958 447 1947 905 1941 643 1941 456 1980 470 1980 489 1955 449 1941 549 1941 555 1992 434 1993 

Tisza/Tisa Szeged 2220 1926 2723 1979 2627 1941 3489 1932 3264 1941 3278 1970 2198 1974 2274 1980 1722 1941 1470 1922 2368 1974 1724 1952 

Tisza/Tisa Szolnok 1177 1979 2216 1979 1965 1977 1576 1976 1371 1978 1150 1974 1248 1980 1406 1980 668 1978 996 1974 1700 1974 1046 1981 

Tisza/Tisa Polgar 2000 1948 2270 1979 2240 1967 2080 1940 2080 1941 1580 1970 1350 1933 981 1955 1120 1941 1280 1922 1290 1931 1280 1952 

Tisza/Tisa Tiszapalkonya 1069 1982 931 1995 1456 1981 1343 1988 1295 1989 931 1980 1410 1980 1340 1980 455 1989 778 1980 1187 1992 1163 1981 

Tisza/Tisa Senta 1855 2010 2302 1979 2547 1941 3134 2006 3043 1941 3185 1970 2227 1974 1993 1980 1653 1941 1242 1974 2241 1974 1889 2010 

Szamos Szenger 647 1979 420 1979 671 1981 525 1932 720 1970 559 1974 411 1980 253 1980 305 1941 299 1941 311,7 1980 488 1981 

Szamos Satu Mare 555 1932 459 1958 756 1940 700 1932 725 1970 577 1974 382 1998 246 2005 338 1941 365 1941 314,0 1930 422 1925 
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River Station 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year 

Sajo Felsőzsolca 146 1953 198 1977 250 1937 185 1919 169 1978 150 1965 109 1891 131 1913 104 1913 156 1974 122,2 1952 137 1976 

Zagyva Jasztelek 21 1982 27 1979 16 1985 13 1979 26 1978 7 1978 9 1989 5 1991 3 1980 4 1980 9,9 1980 15 1980 

Körös Gulja 125 1979 113 1979 141 1981 72 1993 71 1978 74 1980 75 1980 51 1980 18 1989 33 1991 33,2 1980 109 1981 

Maros Mako 520 1982 556 1979 591 1981 931,2 1932 1017 1970 767 1970 684,5 1975 383 1980 426 1941 376 1972 384 1974 350 1981 

Maros Alba Iulia 187 1979 252 1970 450 1981 536,3 2006 578,0 1970 392 1998 386,6 1975 213 2005 166 1978 238 1972 216 1972 234 1981 

Maros Arad 405 1886 465 1979 671 1981 916,0 1932 930,5 1970 717 1970 924,0 1913 474 1913 867 1912 635 1912 460 1912 663 1925 

Sava Hrastnik 355 2001 260 2009 366 2001 315 2009 229,4 2004 195 1995 215 1996 175 2002 292 1995 443 1993 693 2000 447 2008 

Sava Radeče 579 1936 499 1951 624 1947 625 1919 476,5 1972 423 1939 491 1948 326 1926 556 1965 659 1964 749 1926 604 1960 

Sava Čatež 573 1962 596 1977 578 2001 698 1970 620,8 1972 507 1956 442 1975 430 1969 637 1965 826 1964 1025 2000 817 1960 

Sava S. Mitrovica 3850 1970 3790 1970 4310 1942 4800 1962 4110 1937 3122 2010 3500 1926 2390 1926 1880 1937 3660 1974 4120 1940 4340 1937 

Una Novi Grad 368 1979 487 1987 612 1981 503 1984 623,5 1980 286 1980 153 1989 163 1989 218 1989 326 1989 465 1979 587 1981 

Lim Prijepolje 166 2010 186 1979 212 1981 229 2000 255,4 1978 139 1978 68 1986 48 1979 67 1996 149 2002 306 1979 255 2010 

Timis Sag 156 1979 169 1966 160 1981 332 2005 156,6 2005 169 1970 117 1980 92 2005 98 1968 94 1997 110 1972 177 1981 

V. Morava Ljub.most 618 1955 823 1940 1046 2006 1056 1962 857,0 1965 705 1948 420 1999 427 1955 276 1955 553 1972 592 1955 758 1955 

Ibar Leposavić 88 1997 102 1999 121 1981 95 1984 115,4 1980 53 1980 53 1983 36 1983 24 1989 27 1989 83 1979 98 1981 

Jiu Rodari 301 1953 241 1977 413 1954 321 1970 354,5 1957 273 1953 237 1970 238 2005 153 1999 521 1972 246 1976 244 1952 

Olt Cornet 145 1998 204 1979 325 1981 345 2006 513 1970 379 1975 510 1975 268 2005 232 1978 476 1972 225 1972 205 1981 

Olt Stoeneşti 244 1955 263 1953 368 1970 518 1956 776 1970 504 1970 491 1969 345 1955 228 1955 232 1964 199 1964 217 1960 

Ialomița Coşereni 120 1970 126 2010 146 1955 156 1956 179 1971 125 1969 270 1975 171 2005 239 2005 275 1972 89 2004 96 1980 

Siret Dragoesti 112 1982 142 2002 239 1999 460 1996 468 1970 417 1975 455 2008 411 2005 232 1996 169 1972 134 1981 129 1981 

Siret Lungoci 296 1982 299 1998 486 1981 1008 1984 1223 1970 782 1975 1112 2010 1068 2005 455 1996 747 1972 296 1981 326 1981 

Prut Chernivsti 130 1948 104 1966 134 1981 268 1962 394 1970 432 1948 431 1933 447 1955 186 1978 102 1976 181 1947 102 1947 

Prut Rădăuţi 96 1982 129 2002 204 1999 403 1996 282 1965 333 2006 568 2008 303 2005 207 1978 134 2008 124 1981 104 1980 
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Appendix 3. Lowest monthly discharge of the given month in the entire period 

River Station 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year Q year 

Danube Nagymaros 758 1964 776 1963 1079 1972 1430 1991 1566 1934 1548 1934 1393 1976 1202 1947 763 1947 626 1947 766 1908 730,4 1953 

Danube Mohács 767 1964 837 1963 1077 1972 1401 1933 1558 1934 1441 1934 1342 1976 1233 1947 785 1947 672 1947 930 1969 787,1 1953 

Danube Bezdan 852 1947 1010 1952 1180 1972 1250 1950 1460 1954 1320 1950 1160 1950 1106 1992 888 1947 749 1947 900 1983 890 1953 

Danube Bogojevo 988 1954 1173 1963 1619 1972 1680 1991 2190 1998 2080 1993 1405 2003 1209 2003 1078 1947 959 1947 1193 1983 1162 1953 

Danube Pančevo 1454 1954 2137 1954 3206 1949 4380 1990 3820 1990 2680 1993 2170 2003 1820 2003 1780 2003 1460 1947 2170 1971 1750 1953 

Danube V. Gradište 1461 1954 2200 1954 3378 1943 4407 1943 4439 1946 3626 1950 2635 1950 2378 1952 1943 1947 1525 1947 2398 1947 1783 1953 

Danube Bazias 3801 1993 2919 1991 4022 1991 4495 1991 3897 2007 3122 1993 2340 2003 1946 2003 1916 2003 2701 1994 3085 2008 2921 2003 

Danube Orșova 1645 1954 1859 1858 3144 1858 3978 1894 4229 1990 3557 1947 2693 1950 2194 1990 2031 1947 1676 1947 2022 1971 1947 1953 

Danube Zimnicea 1411 1954 2383 1949 2963 1949 4429 1972 4355 2007 3477 1993 2658 1950 2315 1952 2082 1947 1620 1947 2062 1947 1977 1953 

Danube Hârșova 1195 2007 1530 2005 2080 2008 2182 2007 1335 2007 1274 2003 564 2003 441 2003 358 2003 682 2009 767 2008 862 2006 

Danube Silistra 1811 1954 2567 1949 3075 1949 4712 1943 5051 1949 3634 1993 2930 1950 2507 1952 2236 1992 1785 1947 2283 1947 2018 1953 

Danube Ceatal Izmail 1889 1954 2577 1925 3010 1949 3917 1921 4762 2007 3986 1993 2992 1950 2598 1990 2338 1990 2076 1921 2439 1947 2178 1953 

Drava D. Miholjac 227 1978 207 1949 194 1943 234 1943 356 1943 473 1971 374 1976 335 1983 243 1947 214 1947 198 1947 225 1942 

Drava Borl 40,9 1981 41,1 1981 43,5 1980 35,8 1981 47,9 1980 56,3 1980 0 1981 0 1981 0 1981 0 1981 0 1981 0 1981 

Mura G. Radnova 48,6 1947 53,2 1947 67,5 1949 96,4 2003 138,8 2007 118,9 1971 73,1 2003 55,1 2003 55,9 1947 49,7 1947 53,5 1947 55,8 2001 

Tisza/Tisa Tiszabecs 6,6 1952 8,6 1952 4,1 1953 26,1 1953 18,1 1952 15,0 1952 5,5 1952 3,6 1952 7,0 1953 4,9 1953 4,5 1951 5,9 1951 

Tisza/Tisa Szeged 142 1925 143,9 1954 320,3 1984 504,7 1974 278 1934 199,1 1950 141,9 1950 112,8 1990 112,1 1950 108,8 1946 159 1961 160 1924 

Tisza/Tisa Szolnok 177 1973 210,4 1993 290 1973 295 1974 304 1973 161,1 1993 134,2 1994 83,1 1992 121,3 1994 121 1986 140 1986 101 1986 

Tisza/Tisa Polgar 110 1964 118 1964 270 1943 215 1962 160 1934 135 1950 99,0 1961 82,0 1923 75,0 1946 71,0 1961 90,0 1961 103 1921 

Tisza/Tisa Tiszapalkonya 158 1984 196 1984 169 1984 367,0 1991 314,9 1992 138,5 1993 91,2 1992 72,8 1992 101,5 1994 107 1983 102 1983 112 1983 

Tisza/Tisa Senta 134 1947 166 1964 233,2 1984 452,2 1991 308 1934 223 1950 149 1950 127,4 1990 125 1946 118 1946 158 1961 180 1953 

Szamos Szenger 15,6 1954 23,0 1954 36,1 1984 44,6 1991 39,3 1934 28,5 1950 23,8 1950 17,7 1952 13,6 1961 13,4 1961 15,1 1961 22,0 1983 

Szamos Satu Mare 10,1 1954 9,7 1954 38,4 1984 52,7 1991 35,0 1934 27,1 1950 22,1 1950 14,0 1946 10,0 1946 12,0 1943 14,0 1943 17,0 1962 
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Sajo Felsőzsolca 3,71 1972 5,0 1909 8,81 1943 5,97 1974 6,58 1943 5,76 1993 4,42 1968 2,0 1894 2,0 1894 2,81 1943 3,0 1908 3,84 1973 

Zagyva Jasztelek 1,10 1984 0,79 1993 0,85 1993 1,7 1984 2,52 1992 1,4 1983 0,16 1983 0,07 1983 0,2 1986 1,0 1983 0,87 1986 1,03 1983 

Körös Gulja 4,52 1984 10,3 1991 9,10 1991 7,9 1991 7,81 1986 6,43 1983 0,95 1992 0,05 1992 2,03 1985 1,26 1995 1,87 1983 2,97 1986 

Maros Mako 41,0 1949 34,5 1954 73,2 1972 87,4 1991 70,2 1934 65,2 1950 42,0 1950 30,2 1946 26,5 1946 27,9 1946 37,4 1943 35,4 1953 

Maros Alba Iulia 7,96 1954 10,9 1954 51,1 1991 47,2 1991 52,7 1992 33,9 2003 26,5 1952 18,9 1952 13,3 1952 20,0 1961 16,0 1953 13,8 1953 

Maros Arad 14,0 1899 25,0 1899 49,0 1943 54,0 1894 63,0 1934 12,0 1931 38,0 1950 29,0 1877 14,0 1898 15,0 1943 15,0 1897 11,0 1898 

Sava Hrastnik 59,3 2002 57,8 2005 52,0 1993 68,6 1997 58,3 1993 46,7 2003 46,4 1993 35,7 2003 50,0 2003 52,5 1997 64,8 2006 59,0 2001 

Sava Radeče 55,6 1989 65,3 1909 57,8 1949 74,2 1949 65,5 1993 56,6 1993 59,7 1993 52,5 1992 51,7 1921 48,6 1947 66,0 1983 63,0 1921 

Sava Čatež 70,4 1989 90,4 1993 86,5 1993 131 1997 92,5 1993 68,9 2003 65,8 2003 52,0 2003 68,5 2003 68,3 1985 81,9 1983 103 2001 

Sava S. Mitrovica 498 1989 370 1989 595 1990 992 1946 735 2007 530 1946 368 2003 251 2003 229 1946 231 1946 376 1947 391 1953 

Una Novi Grad 76,5 1989 74,9 1989 101,2 1990 145,2 1989 119,7 1990 88,4 1979 58,3 1990 49,7 1990 50,3 1990 48,0 1985 50,5 1983 101 1989 

Lim Prijepolje 24,7 1983 21,3 1993 39,3 1993 73,9 1991 59,8 2002 26,6 1993 18,2 2003 11,5 2003 11,5 2007 10,2 1985 18,1 1986 15,7 1986 

Timis Sag 0,74 1964 1,29 1991 1,08 1972 1,70 1961 8,51 2002 1,20 1962 1,07 1962 0,75 1962 0,62 1962 0,67 1962 0,70 1963 1,30 1971 

V. Morava Ljub.most 30,0 1954 52,0 1932 84,0 1933 114,0 1972 76,0 1983 68,0 1950 43,0 1950 29,3 1993 32,5 1993 31,9 1993 49,0 1932 44,0 1953 

Ibar Leposavić 7,61 1983 13,15 1989 14,89 1990 13,2 1983 7,45 1983 9,66 1994 6,03 1998 6,55 1978 6,62 2000 4,67 2000 4,09 2000 4,85 2000 

Jiu Rodari 15,22 2001 16,66 1954 28,63 1961 33,4 2002 27,93 2002 20,5 1950 11,6 1950 9,67 1950 7,87 1950 6,26 1950 12,4 2000 15,0 2000 

Olt Cornet 28,8 2001 29,3 1993 47,2 1987 51,3 1974 59,6 1986 41,8 1968 42,0 1968 35,6 2000 31,6 1987 29,1 2000 31,7 2000 22,8 1986 

Olt Stoeneşti 33 1964 34 1954 88 1957 109 1961 119 1950 63,0 1968 50,0 1968 55 1963 44,0 1963 39,0 1963 35,0 1963 37,0 1953 

Ialomița Coşereni 8,06 1954 10,3 1954 11,9 2002 12,5 2002 10,9 2002 6,41 1950 5,50 1968 3,83 1950 3,42 1950 5,32 1950 9,31 1953 9,22 1953 

Siret Dragoesti 5,04 1964 7,19 1964 21,8 1991 21,0 1974 20,3 1986 16,1 1968 21,9 1987 14,4 1994 10,6 1987 9,68 1963 11,4 1963 9,40 1963 

Siret Lungoci 32,7 1987 37,8 1954 57,7 2001 60,7 1990 58,3 1986 67,7 1968 59,0 1950 43,4 1990 34,0 1994 43,1 1963 41,4 2000 40,6 1986 

Prut Chernivsti 6,0 1954 9,0 1945 23,0 1956 15,0 1934 7,0 1934 14,0 1934 21,0 1932 10,0 1946 8,0 1946 11,0 1935 8,0 1934 7,0 1961 

Prut Rădăuţi 0 1960 0 1960 0 1960 46,0 1990 56,1 1990 32,5 1964 25,0 1963 20,6 1990 12,3 1963 12,3 1961 12,6 1961 9,4 
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