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ABSTRACT. - Rainfall and flow variation in Câlnău’s watershed. Changes 
inflicted on the evolution of climate parameters such as temperature, rainfall, snow 
depth etc. represent a critical point in conducted studies, because of the increasing 
number of extreme events from one season to another. At the same time, 
hydrological aspects must be taken into consideration, because in the river’s 
drainage system significant changes have also been recorded, such as the 
frequency of reaching or exceeding high flows values on record. The correlation 
between climate and hydrological aspects shows an overview of how they interact. 
This helps us analyze feedback processes and how they affect the evolution of a 
river over a period of time. Duration, intensity and frequency are key 
characteristics for the analyzed parameter, because they emphasize the response 
time. The overall objective of the study is two folded. On one hand, it can 
highlight periods of a year with high or low levels of flow rate, more precisely 
periods likely or not to produce flood phenomena and their extent: overrunning or 
not the three levels of alert. On the other hand, there is the situation of identifying 
the wettest years as compared to the driest ones and the connection with the 
general context available for Romania for those years, or on the contrary obtaining 
some local circumstances - specific for Câlnău’s watershed. Such an analysis is 
always welcome, especially for underlining the flood phenomena, which represent 
a major socio-economic threat, because damage before such dangers are 
considerable, from crops destruction to deaths among humans. 
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1. INTRODUCTION 
 

All over the world, social, ecological and economic systems are being 
affected by the warming of the planet’s climate. Nowadays, due to the interaction 
between the climate system and the hydrological cycle, the impacts of climate 
change on water resources represents one of the most significant challenges that 
researches confront with. Patz et al. (2005); IPCC (2007); Howat et al. (2007); 
Hein et al. (2009); Dai (2010); van der Velde et al. (2012); Smith and Katz (2013); 
Mearns and Norton (2010); UN (2011) Herrera-Pantoja M. and Hiscock K.M. 
(2015); Gaňová et al. (2016) 

Câlnău’s watershed is situated in the south-eastern part of Romania and of 
the Curvature Carpathian Mountains, confined within the administrative border of 
Buzau County (Fig. 1). The watershed mathematically spreads out on coordinates 
0º21’05” northern latitude, between the following values, 45º10’10” and 
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45º31’15”, and to 0º38’05” eastern longitude, between values of 26º45’00” and 
26º83’05”. 
 Câlnău’s watershed overlaps the following main units of landform: the 
outer Sub Carpathian region, the inner Sub Carpathian region, (Vrancea’s 
Subcarpathia), the Slănic-Câlnău foothill platform and the Râmnic foothill plain. 
 

 
 

Fig. 1. Câlnău’s watershed’s location within the country and Buzău County (Source: 
data from Military Topographic Directorate, personal analysis) 

 
Altitude influences the climate regime and, consequently, the hydrological 

one to an obvious and extensive degree. The air temperature drops with the 
increase of altitude (the thermal gradient has a value of 0.65ºC/100 meters), the 
atmospheric pressure is indirectly proportional with the increase of altitude, while 
the quantity of precipitation is directly proportional with the increase of altitude. 

A river’ watershed regime is also influenced by altitude. Throughout the 
year, rivers are fed by rainfall and groundwater regimes and in the cold season, 
with the increase of altitude, temperatures drop and rivers also benefit from 
snowfall or rainfall, as in spring the melting of ice and snow supplies them with 
more water. 

 
2. METHODOLOGY  

 
This study was conducted with the meteorological and hydrological data 

provided by entities from the given field: National Meteorological Administration 
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and Buzău-Ialomiţa Water Branch. These data were processed with Microsoft 
Excel where different formulas were applied for obtaining the necessary graphic 
materials. For the spatial localization of the studied area data from Military 
Topographic Directorate were used in conjunction with those from open GIS 
sources, which were operated in specialized GIS programs. 

 
3. ANALYSIS OF THE RAINFALL 

 
The contradistinction between space and time represents a main feature for 

the expansion of atmospheric precipitations, given their abruptness in time and 
dissimilar quantities over a surface. Precipitations appearance is influenced by the 
following factors: air masses circulation, thermodynamic convection, physical-
geographical elements that enforce different characteristic of the underlying 
surface (Constantin et al. 2014). 

The quantity of rainfall pertaining to a watershed has, in its turn, a 
periodicity of approximately 25 years, alternating high and low values, thus 
correlating to the variation of the annual average flow rate. The tendency is one of 
relative stagnation, which means that it is not the average quantity of rainfall that 
determines the variation in liquid flow, but the way in which it is distributed 
throughout the watershed.  

 

 
 

Fig. 2. The annual variation of rainfall quantities in the Câlnău watershed (Source: 
meteorological data provided by National Meteorological Administration, personal 

analysis) 
 

 The peaks in values are salient and correlate with the ones in the figure 
showing the variation of annual average flow rates, which demonstrates that the 
two parameters are directly proportional.   

In the periods in which the tendency indicates an increase in values, the 
annual average values come close or surpass the multiannual average value of the 
quantity of rainfall, while in the opposite situation the reported values are slightly 
lower. 

The distribution of the quantity of rainfall in the case of multiannual 
monthly average values is projected as the Gauss distribution which indicates a 
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maximum in the summer months when the flow also records among its highest 
values, thus confirming the previous observations regarding multiannual monthly 
average values of the flow rate. Reduced precipitations in the form of showers, thus 
in high intensity, occurring mostly during the summer, determine this type of 
distribution.   

 

 
 

Fig. 3. The monthly multiannual variation of rainfall quantities in the Câlnău watershed 
(Source: meteorological data provided by National Meteorological Administration, 

personal analysis) 
 

4. THE ANALYSIS OF THE AVERAGE FLOW 
 
Climate change as presented in various researches worldwide also bares a 

significant influence over Câlnău’s watershed as one can observe from the study of 
the annual average flow rate (Fig. 4, 5). The annual average flow rate records a 
decreasing tendency, according to the analysis of both its representations for the 
subsequent water level stations, as is implied by the linear tendency. The 
decreasing of flow rate can be caused either by a reduced quantity of rainfall or a 
disruption in the water level regime, which can lead to various forms of downpours 
that produce short term higher water levels instead of long-term ones. 

The polynomial tendency indicates a periodicity of approximately 25 
years, which evolves in the following manner: a period with high annual flow rate 
values followed by one with slightly reduced values. We can observe that the 
amplitude of the events decreases significantly with the passing of time.  

Peaks as those recorded in 1955, 1972, and 2005 are salient and are known 
in the country for the large quantity of rainfall accumulated throughout one year. 
These synoptic conditions which lead to unusually high flow rates are also 
responsible for destructive freshets and violent floods which have caused 
significant material damages but, most importantly, human casualties.  

One of the most common natural phenomena considered a calamity, that 
has an important influence over the human society, is represented by the floods. 
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The aftermath left by flood events has entailed a need for planning and preemptive 
actions to be taken in case of such an event. The surface most prone to flooding 
also has to be identified and studied further (Stoica and Iancu 2010). 

 

 
 

Fig. 4. Variation of the annual average flow rate in relation with the multiannual 
average flow rate recorded by the Costomiru Hydrometric Station, Câlnău river, between 

1950-2012 (Source: hydrological data provided by Buzău-Ialomiţa Water Branch, 
personal analysis) 

 

 
 

Fig. 5. Variation of the annual average flow rate in relation with the multiannual 
average flow rate recorded by the Potârnicheşti Hydrometric Station, Câlnău river, 
between 1950-2012 (Source: hydrological data provided by Buzău-Ialomiţa Water 

Branch, personal analysis) 
 

The highest flow rates are recorded in the months of spring, when melting 
show is the decisive factor of liquid flow, and in summer months when cloud 
systems form over the water basins with localized short-term development, of the 
Cumulonimbus type, which produce showers. 

Câlnău river’s flow rates, as specific values, are not higher than those of 
other rivers in the country, as it records extended periods of drying up in both the 
warm and the cold season, when the value of the minimum flow rate reaches the 
threshold of  0 m3/s. Freshets and floods are common phenomena in Câlnău’s case, 
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and the authorities are especially involved in protecting local communities, the 
agricultural fields, the roads, and other socio-economic landmarks.   

 

 
Fig. 6. Variation of the multiannual monthly average flow rate in relation with the 

multiannual average flow rate recorded by both hydrometric stations between 1950-2012 
(Source: hydrological data provided by Buzău-Ialomiţa Water Branch, personal analysis) 

 
Forecasting flood events is still an uncertain filed, therefore they are one of 

the natural phenomena that cannot be entirely averted. The human factor and 
anthropic elements such as a growing number of human establishments that affects 
the extent of water infiltration, industry, infrastructure, economic matters and the 
increasing effect of climate change make flooding a more common threat than ever 
(Myeong and Hyun 2009). 

If the timespan is divided in two (Fig. 7), a prominent decrease of liquid 
flow can be observed in the last decades. The causes can be both hydro-
meteorological (e.g. global warming) and man-made, the latter having a significant 
impact. The industrial development has led to an increase in the quantity of water 
used for regional activities and the area’s development, while the area’s population 
contributed to reducing the flow rate.  

The increased occurrence of risk phenomena: meteorological and 
hydrological draughts, violent storms, powerful winds bare a significant influence 
over the natural course of a river, forcing it to often evolve in a violent manner in 
order to attain a state of balance. This can lead to a positive feedback that will only 
amplify the extent of the phenomena, possibly resulting in the actual disappearance 
of the water course.   
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a  b  
 

Fig. 7. Variations of the multiannual monthly average flow rate (mc/s) between 1950-
1981 compared to those between 1982-2012 recorded at the Costomiru Hydrometric 

Station (a) and Potârnicheşti Hydrometric Station (b) (Source: hydrological data 
provided by Buzău-Ialomiţa Water Branch, personal analysis) 

 
 

5. CONCLUSIONS 
 
The present article has set out to analyze the relation between the factors 

that influence the climate and their impact over hydrography. The main topic is 
represented by the climate and hydrological parameters which depend on physical-
geographical factors which influence to a great extent the way in which the 
phenomena unfold. 

The article addresses liquid flow in the Câlnău watershed through a 
detailed analysis of the annual and multiannual monthly flow rates, but also that of 
the annual and annual monthly quantity of rainfall. The risk hydrological 
phenomenon – high water and flooding, which endangers people’s lives, is 
characteristic to this particular river.  

From the entire period addressed in this study, the year 2005 is the most 
salient, from all point of views. In the context of a nationwide atmospheric 
instability, higher quantities of rainfall were recorded which were followed by 
powerful high water phenomena and floods with major damages. The historical 
highest flow rate was surpassed in 2011, when a new record was set, of 358 m3/s 
compared to 126 m3/s (1972).  

Câlnău has a flow regime that only poses issues during torrential rains, 
mostly during the warm season, when their intensity is exceptionally high in a short 
time span. Situations susceptible to ensue due to this phenomenon are: the flooding 
of towns and villages, two of which are immediately and completely evacuated 
when the prognosis indicates imminent impact of the high waters, such as erosion 
of the river banks, the destruction of gardens, deaths of animals and, due to the 
involvement of the authorities, a decreasing number of human deaths. 
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