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Introduction
One of the greatest threats facing the world today is the 
global climate change. The working group experts of the 
Intergovernmental Panel on Climate Change (IPCC), in 

„The Physical Science Basis Working Group I Contribu-
tion to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change” (Thomas, et al., 2013) 
unanimously agree that the warming of the global cli-
mate is a reality. The same group of experts argues that 
the period 1995-2006 is the period of 11 years with the 
highest recorded instrumental heat on the globe.

Besides, it is unanimously accepted the fact that 
there is an increase of the periods with high tempera-
ture, identically with short period of rainfalls, charac-
terized by intensity and high quantities of water, with 
imminent risks of floodings in different sectors of 
the rivers and special socio-economical implications 
(Nacu, Muntean, 2010).

Ben Aissia, et al. (2011) argues that when simulat-
ing a hydrological event, two approaches are being 
tackled, which concentrate on a multivariate analy-
sis of some variables like: the peak of the high flood, 
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Abstract

This study highlights the influence of the quantity on the rainfall and air temperature recorded at the 
hydrographic station Ulmeni (in the Maramures County, in the N-W part of Romania), on the Someș 
River flow rate and some general physico-chemical parameters (pH, total disolved solids and suspend-
ed matter). 

Someș River is a left tributary of the Tisa River on the Hungarian territory, and is part of the Someș-
Crasna hydrographic catchment, summing 5528 km network length coded, who drains an area of 
15740 km2.

Interpretation of the collected data and statistical processing has demonstrated that the fluctuations of 
the flow rate of the river are closely dependent on the seasons from the considered period (2004-2012) 
and correlations between hydrological and chemical parameters. Because a large part of the Someș 
River crosses the human settlements and important agricultural areas, the study may be useful in the 
prediction of flooding and drought risks.

Key words: Someș, flow, hydrographic basin, physico-chemical parameters, risk, Romania.
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the volume and the duration of the rainfall. The 
study concludes that, no matter the model chosen at 
the simulation, it is necessary to take into account 
the short period variations of the variables for recal-
ibration of the model in due time, based on the cor-
rect description of the correlations between its histo-
ry and future.

As a result, for future studies of modeling, we have 
chosen to evaluate the dynamic of some climate var-
iables: the temperature of the air and of the rainfall, 
and the variations of the flow of the main river which 
passes the interest area (river Someș, on the right part 
of Ulmeni city, Maramureș County, Romania) and its 
influence on the pH reaction, on the matter concen-
tration in suspension and in the fix residue. 

The statistic processing of the meteorological data 
(the air temperature and the rainfall volume), hydro-
logical (the river flow), collected by the hydrological 
station Someș at Ulmeni and of some physico-chemi-
cal parameters of water quality from Someș river (pH, 
total disolved solids and suspended matter), in the 
same section, have permitted their interpretation and 
establishing some conclusions related to the climate 
risks from the excess or deficiency pluviometric peri-
ods, in an area with great agricultural potential. 

The characteristics of the reasearch area
An important hydrographic Romanian basin, Someș-
Crasna is represented by the basins of the rivers Someș 
and Crasna, which are independently collected by the 
river Tisa, the left affluent of the Danube. The hydro-
graphic basin of Tisa river in the Romanian sector, is 
situated in the North part of Romania (E-W orien-
tation) and it is delimited by the Maramureș Moun-
tains, Oaș Mountains, the Maramureș Depression 
and the Carpathians Mountains (Ukraine). The main 
left tributary of Tisa - the Tur river, collects the rivers 
of the Someș hydrographic basin, and marks the bor-
der with Hungary on a length of 1.1 km (ACW, 1992).

The Someș hydrographic basin has 5528 km length 
of encoded network and it drains an area of 15740 km2. 
The middle course of Someș passes through the Baia 
Mare Depression, and the inferior one passes through 
the Someșului Filed and a part of Hungary (Badea, et 
al, 1992). 

The interest area (Figure 1) is represented by Ulmeni 
city, where Somes River flows by, and on the bank of 
Somes River a hydrometric and pluviometric station 
is located. Ulmeni city is situated on the South-West 
part of Maramureș County, in the Baia Mare Depres-
sion, on the bottom of Chioar and Sălaj Hills. The 
characteristic relief of the Baia Mare Depression, with 
hights which pass over 1700 m and the Benesat-Țicău 
Defile created by the Someș River in this area, gives a 
climate with a moderate continental character (Badea, 
et al., 1992, S-T WB 2013, EPAMM, 2014). From the to-
tal area of Ulmeni city, the biggest area is the agricul-
tural one (43.3%), followed by the area with the arable 
field (27.2%).

The implementation of the Directive 2007/60/CE 
(related to the evaluation and the risk management of 
the floods, has as its aim the decrease of the negative 
consequences for the human health, the environment, 
the cultural heritage and the economic activity asso-
ciated to floodings), transposed through HG 846/2010 
the approval of “The National Strategy of Risk Man-
agement of Floodings on a Medium and Long Term” 
has materialized through the creation of the maps for 
the hazard and risk of floodings in March 2014.

The Someș River in the Ulmeni section represents 
an important knot of spreading in the Maramureș 
County, of the wave of high flood in the case of flood-
ings, like it is emphasized in the map (Figure 2), with 
the areas having a highly potential risk of floodings, 
the flooding areas and the risks associated to flood-
ings of Someș River in the section of Ulmeni city, a 
case with medium probability, meaning for maxi-
mum flows with a probability of exceeding 1%, flood-
ings which can appear once in 100 years, published in 

Maramureș County, Romania

Ulmeni, Maramureș County, Romania

Figure 1. The areas of interest – Ulmeni City, judetul Maramureș County, Romania
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2014, by The “Romanian Waters” National Adminis-
tration, at scale 1:25000 (RWNA, 2014).

Method and data
Placing the climate of an area in a certain typolo-
gy is made with the help of many climatic indicators 
(Courtillot, et al., 2013), the rainfall and the atmos-
pheric temperature being the main factors in calculat-
ing these indicators. 

The intensity, the duration and the frequency of 
the rainfall, associated with sudden variations of air 
temperature, are some of the characteristics directly 
or indirectly implicated in the extreme climate phe-
nomenon – drought, high flood, floodings, with sig-
nificant socio-economical impact (Ben Aissia, et al., 
2014, Chebana, et al., 2011, Bronstert, 2003).

For characterizing the temporal variability of 
floodings and of monthly temperatures, in compari-

son with the monthly average termo-pluviometric re-
gime, registered in the period 2004-2012 at the hydro-
metric station Ulmeni, on the Someș River, we have 
used statistic modeling, the standard deviation type, 
to which we have applied the Bessel correction (which 
equals to −n n/ 1 ), type n). The statistic calculation 
was made with the aid of Excel, from Microsoft Office, 
using the STDEVP function.

Figure 3 shows an important variability of the rain-
fall in the analysed period; the rainfalls were almost 
missing in August, September and November, but 
they could touch maximum values in July, up to 227.5 
mm. The period of May-August, analysed with the aid 
of the standard deviation type, presents the biggest 
variation amplitude of rainfalls registered in the pe-
riod 2004-2012.

The temporal variability (2004-2012) of the month-
ly air temperatures in comparison with the month-
ly average regime at the hydrometric station Ulmeni, 
on the Someș River is shown in Figure 4. It can be 
seen that the months February, September and Octo-
ber present the biggest variation amplitude of average 
monthly temperatures registered in the period 2004-
2012.

The calculation of the variation coefficient of 
monthly rainfalls and of the average monthly temper-
atures shown in Table 1, allowed the quantitative in-
terpretation of the rainfalls variabilitations, versus the 
average monthly air temperatures. 

It can be estimated that for August, in the analysed 
period (2004-2012), the monthly rainfalls had the big-
gest temporal variability of 12.72 times bigger in com-
parison with the average monthly temperatures.

Figure 3. The variability of precipitation recorded at the hydrometric station Ulmeni, in the period 2004-2012

Figure 2. Risk and hazard map, the flooding areas and risks 
associated to flooding, of the Someș River in the section 
Ulmeni 
Source: RWNA, 2014
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For the analysed period we calculated the Stand-
ardised Precipitation Index (SPI), developed by the re-
searchers McKee, Doesken and Kleist from Colora-
do State University, at the beginning of 1990, for the 
identification and characterisation of drought peri-
ods (Arba, 2012, McKee et al., 1993). Applicable for any 
relief form, according to the obligations of the World 
Meteorological Organisation (OMM) and of the Na-
tional Drought Mitigation Center (NDMC, Internet 
1), the interpretation of the algebric values obtained is 
made according to the steps emphasized in Table 2 - to 
which the types of climatic risk are attached.

Table 2. Excessive or deficitary periods in precipitation 
and type of the risk

Value of SPI Qualification Type of risk

>= 2 extremely wet high risk

1.5 - 1.99 very wet average risk

1.00 - 1.49 moderately wet low risk

-0.99 - 0.99 almost normal no risk

-1.0 … -1.49 moderately droughty low risk

-1.50 … -1.99 very droughty average risk

<= -2 extremely droughty high risk

For the analysis of the pluviometric deviation, reg-
istered in the period 2004-2012, at the hydrometric 
station Ulmeni, on the Someș River, the SPI values be-
tween (-1.49 ÷ 1.49) were not considered. Thus, 2007 
was the only year almost normal (moderately wet or 
droughty) from the period 2004-2012. In Table 3 the 
calculated values of SPI are shown, for each year and 
month outside the interval (-1.50 ÷ 1.50). 

The year 2012 is the only one from the analysed pe-
riod with 2 months extremely droughty (March and 
July) and one, very droughty (September).

The calculation of the aridity value De Martonne 
(IM), like a ratio of annual rainfalls to average annual 
temperature, at denominator additionally stepping in 
a value of 10°C, for producing positive results for the 
regions with negative annual termic average too, for 
the period 2004-2012, allowed the delimitation of the 
years with wet, moderately wet, moderately arid and 
arid climate (Figure 5). 

The graphic representation from figure 5, shows the 
tendency of the climate from the area of becoming 
moderately wet in the last 2 years of the analysed pe-
riod (2011, 2012).

Many studies (Khaliq, et al., 2009, Kao, Govin-
daraju, 2007, Bronstert, 2003, Goel et al, 2000, Best, 
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Figure 4. Variability of air temperature recorded at the hydrometric station Ulmeni, during of period 2004-2012

Table 1. Coefficients of variation of the precipitation and a monthly average temperatures, in the period 2004-2012
Climatic indicator	 The monthly variation coefficient, %	

Climatic indicator
The monthly variation coefficient, %

I II III IV V VI VII VIII IX X XI XII

Precipitation 56.7 53.6 51.2 47.9 37.7 43.0 48.8 67.4 74.0 33.6 55.3 42.7

Air temperature 49.6 96.1 19.7 7.4 8.0 6.3 8.5 5.3 19.4 11.9 59.3 99.0
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Roberts, 1975), have shown through different statis-
tical quantifications (correlations Pearson, test Sper-
man, Kendall’s Tau), the dependency of the surface 
overflows in corelation with the intensity and dura-
tion of the rainfalls in hydro-meteorological and geo-
morphological prediction. 

Irrespective of the correlations and the model used 
in the prediction of the geomorphological changes of 
a river, it is obvious the fact that besides geomorpho-
logical changes that may occur into the riverbed, the 

water quality is of course, influenced (Pantelić, 2013, 
Reynard, et al., 2001).

In strict accordance with the emphasized tendency 
of the climate from the area, the values of the flow of 
Someș river monitorized at the hydrometric station Ul-
meni, decrease from 2009. From the analysed period, 
in 2012 the smallest values of the flow of Someș river 
in this section were registered, as presented in Figure 6.

The extremely small flows registered at the hydro-
metric station Ulmeni for Someș river, in the last 2 

Figure 5. Variability of the aridity index, in period 2004-2012

Table 3. Excedentary or deficitary periods in precipitation and type of the risk, in period 2004-2012

Year Month SPA value Qualification Type of risk

2004
VII 2.06 extremely wet high risk

VIII 1.68 very wet average risk

2005 VII 2.92 extremely wet high risk

2006 VIII 2.29 extremely wet high risk

2008 VII 2.79 extremely wet high risk

2009
IV -1.51 very droughty average risk

IX -1.52 very droughty average risk

2010
V 1.89 very wet average risk

VII 2.48 extremely wet high risk

2011
VII 2.03 extremely wet high risk

XI -1.98 very droughty average risk

2012

III -2.48 extremely droughty high risk

VII -2.06 extremely droughty high risk

IX -1.85 very droughty average risk
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years from the analysed period, together with the cal-
culated pluviometric quantifier, confirm the value of 
aridity of the area and the instalation of the moder-
ately wet climate. 

It is known the fact that the extreme phenomenon 
of the climate which implies droughty periods, alter-
natively with short periods with important rainfalls, 
short and very intense, are responsible for the break-
ing of the river bed, moving the deposites from the 
water of the river. It is possible that in a short period 
of time, the quality of water is modified, with impor-
tant implications on that ecosystem. The concentra-
tion of the suspended matter, of total dissolved solids 
and the reaction of the water pH are 3 of the immedi-
ate indicators which give information about moving 
the solid matters and/or alluvium in the case of some 
climate phenomenon. 

In Figure 7 we have emphasized the pH dinamycs of 
the Someș River at Ulmeni hydrometric station in the 
period 2004-2012. It can be concluded that the average 
value of the pH it is situated between 7.65-7.92, being in 

Figure 6. Dynamics of the flow Somes River at Ulmeni 
hydrometric station in period 2004-2012
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Figure 7. The pH dynamics of the Someș River at hydrometric station Ulmeni in period 2004-2012

Figure 8. Evolution of the suspended matter of the Someș River at hydrometric station Ulmeni in period 2004-2012
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this way in the interval admited by the Romanian regu-
lations in effect – Order no. 161:2006 – Normative of the 
classification of surface water quality to determine tha 
ecological status of water bodies, in Romania.

Along with the decrease of the water flow from the 
river bed, the evolution of the concentration of the 
suspended matter is situated in the standard average 
deviation calculated as shown in Figure 8.

The dynamics of the total dissolved solid (TDS) of 
the Someș River at Ulmeni hydrometric station is re-
vealed in Figure 9. It is noticed that the biggest val-
ue was registered in 2011, placing the quality of water 
in IIIrd class, for this indicator, the same as in 2004, 
2006, 2008 and 2012. On the other hand, the biggest 
average values of TDS, which determine the placing 
in the Ist class, were determined only for the years 2011 
and 2012. The high concentrations determined for this 
indicator can be explained due to the decrease of the 
flow of the river, together with the small quantities of 
rainfalls registered in these periods. 

Conclusion
The statistic and graphic analysis of the data collect-
ed in the period 2004-2012 at the hydrometric station 
Ulmeni for Someș river, have shown the fact that the 
average monthly air temperatures present the biggest 
variations amplitudes in February, September and 
October. 

The calculation of the SPA value has permitted the 
emphasis of the pluviometric abnormalities, the year 

2007 being the only one, from the analysed period, 
without wet or droughty extremes. 

Starting from the year 2011, according to the aridi-
ty value De Martonne (IM), the climate from the area 
becomes from the wet one in semi-wet. 

In the year 2012 the smallest values of the flow of 
Someș river were registered, in strict accordance with 
the tendency of the climate from the area and the con-
centrations of the quality indicators pH, suspended 
matter and TDS, which are in strict accordance with 
the decrease of the flow of the river and with the small 
quantities of rainfalls registered in the analysed pe-
riod. 

The study highlights the climate change of the study 
area and can be a starting point in many other areas: 
agriculture, tourism and agro-tourism, environment, 
etc., and may serve the institutions involved in man-
aging situations generated by floods.
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