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Abstract 

In this paper we evaluate the hydrological impact produced on the 
river mean daily discharge (water) of Buzău River by Siriu Dam. 
The study data was the daily mean discharge registered from the 
1st of January 1955 to the 31st of December 2010, at the Nehoiu 
hydrometric station on the Buzău River. The flow of this river is 
controlled in its upper reach by Siriu Dam, from 1984. The main 
method used for the evaluation of the hydrologic alteration at 
temporal scale was based on the tests provided by the Indicators 
of Hydrologic Alteration (IHA) software. The statistical analysis 
proved that the built of Siriu Dam had a moderate influence on 
the mean daily discharge regime of Buzău River at large time 
intervals, significant changes appearing at small time scales. 

Keywords: daily mean discharges, hydrologic alteration, the 
Buzău River, Siriu Dam, IHA 

Rezumat. Evaluarea statistică a modificărilor 
hidrologice pe râul Buzău asociate barajului Siriu 

În această lucrare se evaluează impactul modificărilor hidrologice 
produse debitelor medii zilnice de apă pe râul Buzău, de către 
barajul Siriu. S-au studiat debitele medii zilnice înregistrate în 
perioada 1 ianuarie 1955 – 31 decembrie 2010, la stația 
hidrometrică Nehoiu, de pe râul Buzău, a cărui curgere este 
controlată din 1984 de barajul Siriu. Principala metodă folosită 
pentru evaluarea modificării hidrologice la scară temporală s-a 
bazat pe teste ale aplicaţiei Indicatori ai Modificării Hidrologice 
(IHA). Analizele statistice au arătat că barajul Siriu a avut o 
influență moderată asupra regimului debitelor medii zilnice la 
intervale mari de timp, schimbări majore apărând la intervale mici 
de timp (1, 3 și 7 zile). 

Cuvinte-cheie: debite medii zilnice, modificări hidrologice, 

răul Buzău, barajul Siriu, IHA 

 

Introduction 

The precipitation regime and anthropogenic 

activities are the main factors that influence the 

river flow temporal oscillations. Therefore, structural 
measures are implemented for the assurance of flow 

regulation and the flood mitigation (ISDR, 2004; 
Hsieh et al., 2006). Dams building represent one of 

these measures, so their major impact on 
streamflow regime was analyzed in many works 

(Brandt, 2000; Kondolf, 1997; Magilligan and Nislow, 

2005; Poff et al., 1997; Postel and Richter 2003; 
Richter et al., 1996, 1997; Vörösmarty et al., 2003; 

Şerban et al., 1989). Over 2100 artificial lakes are 
operational in Romania, holding about 13 billion m3 

of water are (Zaharia and Patru, 2008). There is a 

large amount of literature that presents the results 
of evaluation of the reservoirs and dams’ impact on 

the environment (Baxter, 1977; Fitz Hugh and 
Vogel, 2010; Graf, 2001, 2006; Nilsson, 2009; 

Rădoane et al., 2013; Zaharia et al., 2011). 
Analyzing the variation of the mean discharge of 

Buzău River (Romania), Chendeş (2011) and Minea 

(2011) did not divide the studied period in the sub-
period before and after the construction of Siriu 

Dam. Therefore, our study comes to complete this 
gap, performing statistical analyses of the sub-series 

of mean flow obtained by dividing the flow series in 

the pre- and post-impact of Siriu Dam. 

Study area 

The study area is a part of the Buzău River’s 

catchment (5264 km2), presented in Fig. 1. The 

catchment is situated in a region of temperate - 
continental climate, influenced by the foehn, with a 

mean annual air temperature (the last 50 years) of 
about 6°C and the minimum one about 1°C, the 

mean multi-annual average precipitation (I the 
period 1950 - 2010) between 500 mm and 1000 mm 

and the maximum precipitation of 130 mm 

(Chendeş, 2011), registered in the period June – 
July. The mean monthly precipitation (%) registered 

at Nehoiu station in the period 1955 - 2010 is 
respectively: 4.4 (Jan), 4.5 (Feb), 5 (March), 7 

(April), 12.1 (May), 15 (June and July), 13.1 (Aug), 

8.5 (Sept), 5.9 (Oct), 4.6 (Nov), 4.7 (Dec). 
The studied series were collected at two 

hydrometric stations, which have the following 
morphometric and hydrological characteristics 

(National Institute of Hydrology and Water 
Management, 2013): 

a) Bâsca Roziliei (on the Bâsca River) is situated at 

the latitude of 45°26’32”, the longitude of 
26°16’38", the river length from the source to the 

hydrometric station (L) is 17.1 km, the average 
slope of the river from the source to the hydrometric 

station (I) -1.66°, the basin area associated to the 

hydrometric station (A) - 107 km2, the average 
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elevation of the basin at the hydrometric station (H) 
– 1275 m, the average multi-annual fluid flow (Q) – 

2.3 m3/s; the specific mean (q) - 21.5 l/s.km2 ;  

b) Nehoiu (on Buzău River) is situated at the latitude 
of 45°25’29”, the longitude of 26°18’27", L = 71.5 

km, I = 0.73°, A = 1567 km2, H = 1043 m, Q = 
21.9 m3/s, q = 17 l/s.km2; at Nehoiu hydrometric 

station the river drains a surface of 1,567 km2. 

 

Figure 1: The upper part of the Buzău River Catchment 

Average flow of the Buzău River registered a 
spatial and temporal variability, function of the 

basin’s altitude and surface of drained area. The 
mean monthly liquid discharge registered in the 

period 1955 – 2010 at Nehoiu station was 
respectively of: 4.1 (Jan), 4.7 (Feb), 9.9 (March), 21 

(April), 17.6 (May), 13.2 (June), 11.8 (July), 

7.9(Aug), 7 (Sept), 5.4 (Oct), 5.2 (Nov), 5.2 (Dec). 
The minimum discharge was registered in autumn, 

as effect of the low precipitation. Floods occurs 
episodically at Nehoiu, especially in July (or the late 

spring), having higher and shorter that the nival 

ones. Examples of such episodes are: 02.07.1975, 
13.07.1969, 02.07.1971, 19.06.1991, with the 

maximum discharges between 770 m3/s and 1400 
m3/s. Siriu Reservoir, with a maximum storage 

capacity of 125 million m3, the area of 420 ha, the 

dam height of 122 m and length of 570 m, is 
situated in the upper part of the Buzău River and its 

catchment drains 56.1% from the study area. It was 
built after the flood from 02.07.1975 and was 

partially inaugurated on 30th of September 1984 
(Diaconu, 2008; Romanian National Committee on 

Large Dams, 2000). 

Data and Methods 

The data base was formed by the daily mean 
discharge at Nehoiu hs, on the Buzău River, 

measured in the period 01.01.1955 – 31.12.2010 
and the daily mean discharge at Bâsca Roziliei hs, 

data provided by the National Institute of Hydrology 
and Water Management (NIHWM). Each series was 

divided in two subseries: 1955-1983 and 1984 – 

2010, corresponding to the pre- and post-impact 
period of Siriu Dam. The length of the data series 

corresponds to the specific methodological requests 
of the hydrological series - minimum of 20 years of 

continuous record - to define the variability of the 

natural hydrological system and detect shifts in high 
flow statistics. The statistical evaluation of the 

pre/post impact of the mean liquid discharge has 
been done using the version 7.1 of IHA software. 

The input of IHA software is formed by the mean 

daily discharges and the output is formed by 33 
parameters, organized in 5 groups, as follows: 

a) group 1: monthly average values (either means 
or medians); 

b) group 2: maximum and minimum values for 1- to 
90-day averages; 
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c) group 3: Julian Dates (day of year) of the one-
day minimum and maximum values; 

d) group 4: “pulses” in the water conditions, defined 

as periods when the water conditions are greater 
than the default or user-defined high flood 

threshold, or less than the low pulse threshold; 
e) group 5: rises, falls, and reversals in water 

conditions, containing the parameters: the average 

rate at which water levels or flow rises, the average 
rate of fall, and the number of times that the 

hydrograph switched from a rising to a falling 
condition or vice versa (The Nature Conservancy, 

2009). 
IHA software non-parameters scorecards 

computes the median (i.e. the 50th percentile) for 

each of the two periods, pre and post-impact, 
displaying: 

- the coefficient of dispersion (CoD) for each period, 

defined as = (the 75th percentile - the 25th 
percentile) / the 50th percentile; 

- the deviation factor of the post-impact period from 
the pre-impact one, defined as [(Post-impact value) 

- (Pre-impact value)]/(Pre-impact value). 

Alteration is evaluated by comparing pre-impact 
and post-impact values of variables, using the Range 

of Variability Approach (RVA). RVA scorecard 
displays the results in percentiles (25th - P0.25, 50th - 

P0.50 = median, 75th - P0.75), coefficients of 
dispersion, maximum and minimum values, as in 

Table 1. 

Table 1: Results of the IHA analysis for the Buzău River at Nehoiu (1955-2010) 

IHA group 

Pre-impact period: 1955-1983 Post-impact period: 1984-2010 

median 

(m3/s) 
CoD* 

min 

(m3/s) 

max 

(m3/s) 

median 

(m3/s) 
CoD 

min 

(m3/s) 

max 

(m3/s) 

Monthly magnitude 

January 7.05 0.97 2.08 24.2 9.18 0.79 3.92 22.9 

February 10.4 0.61 2.35 37.3 9.1 0.76 3.83 28.6 

March 17.1 0.89 3.49 73.2 16 0.84 4.25 45 

April 36.3 0.90 12.95 85.1 38.4 0.72 11.4 92 

May 29.4 0.55 11.5 96 22 0.99 8.67 66.2 

June 23.7 0.43 5.27 42 19.45 0.90 7.99 55.2 

July 20.8 0.69 7.43 39 16.9 0.79 6.58 48.2 

August 13.7 0.71 4.23 31 11.9 0.64 4.52 42.1 

September 9.4 0.70 3.4 42.8 10 0.64 2.61 33.1 

October 8.1 0.91 3.6 58.9 10.1 1.01 3.07 27.2 

November 9.47 0.82 3.65 32.3 9.76 0.87 2.61 24.5 

December 9.4 0.91 3.12 21.6 8.86 0.91 3.63 29.3 

Magnitude and duration of annual extreme 

1-day min 3.8 0.50 1.75 7.8 3.37 0.55 1.73 7.59 

3-day min 4.09 0.45 1.78 7.8 3.64 0.64 1.757 7.90 

7-day min 4.46 0.44 1.90 7.96 4.60 0.62 1.91 9.88 

30-day min 5.54 0.68 2.15 11.4 5.61 0.59 2.52 13.1 

90-day min 8.79 0.61 3.44 17.1 9.62 0.58 3.14 24.9 

1-day max 207 0.78 111 743 120 1.13 51.5 707 

3-day max 156 0.65 78.1 549 112.7 1.01 45.8 359 

7-day max 109 0.56 62.3 325.8 98.2 0.71 31.2 208 

30-day max 65 0.42 41.8 121.7 57.8 0.61 19.1 95.4 

90-day max 45.4 0.40 28.6 92.6 39.6 0.50 16.4 69.8 

Base flow index 0.19 0.43 0.08 0.36 0.25 0.45 0.14 0.31 

Timing of annual extreme 

Date of min 360 0.12 5 366 362 0.13 4 362 

Date of max 150 0.30 68 319 158 0.27 83 280 

Frequency (days) and duration of high and low pulses (per year) 

Low pulse count 8 0.75 2 16 16 0.68 3 38 

High pulse count 13 0.26 5 18 14 0.85 2 33 

Low pulse duration 5 1.4 1 25 2 1 1 14.5 

High pulse duration 3.5 0.42 1 8 3 0.66 1 8 

Rate and frequency of water condition change 

Rise rate 1.8 0.56 0.9 4.55 2.6 0.72 0.48 6.8 

Fall rate -1.5 -0.43 -3 -0.7 -2.1 -0.89 -4.6 -0.37 

No of reversals 117 0.15 89 136 168 0.16 96 194 

* CoD (Coefficients of dispersion) is defined as = (75th percentile - 25th percentile)/50th percentile

After the statistical analysis of data series, we 

modeled the data series of the daily mean liquid 

discharge registered at Nehoiu sh (denoted by NH) 

and Bâsca Roziliei sh (denoted by BS) in the period 
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1st of January 1955 - 31st of December 2010. The 
subseries registered before 30.12.1984 are called 

NH1 and BS1 and those registered and after 

30.12.1984 are called NH2 and BS2. The steps in 
the mathematical modeling were: 

a) determination of a linear dependence between 
NH and BS, NH1 and BS1, NM2 – BS2, calculating 

the correlation coefficient; 

b) if the correlation coefficient is high, building the 
models; 

c) testing significance of the models’ coefficient, at 
the significance level of 0.05, using the t-tests and 

the F test; 
d) testing the residual properties, as autocorrelation, 

normality and the constant variance 

(homoscedasticity) using respectively the 
autocorrelation function, the Anderson – Darling and 

the Levene test (Bărbulescu, 2002). 
The same method was successfully used by 

Barbeș et al., 2014. Another possible approach 

would be the use of General Regression Neural 
Networks for modeling the flow trend, for each 

series, function of time, as in the studies of Cigizoglu 
(2005), for intermittent river flow, Kisi (2006), for 

evapotranspiration modeling, Bărbulescu and Barbeş 
(2013) – for estimation of pollutants diffusion. In 

this case, the models’ quality is different, using 

MAPE (see equation 1) and NMSE (see equation 2) 
(http://www.dtreg.com/mlfn.htm): 

1)   

2)   
where:   

iA  is the i - the actual value of the studied 
series, 

iF  - the i - the predicted value; 

A  - the mean value of the actual ones, 

F - the mean value of the predicted ones, 
 n - the data number 

Results and Discussion 

Statistical analysis of the discharges measured at 
Nehoiu hs were done at daily, weekly, monthly and 

seasonal scales. The results are presented in Table 
1. At daily scale (1 and 3 days) and weekly scale (7 

days), all statistics, but maxima, registered small 

variation. The maxima registered significant 
variations of the median (which decreased with 

42%) and minimum (that decreased with 53%). The 
decreasing of 1-day maximum discharge in the post 

- dam period, at all daily and weekly scales is also 

evident. The minimum discharges registered post – 
impact alterations at all time scales - 1, 3 and 7 

days. The highest increment was registered by P0.75 

for 7 days and P0.25 for 1-day discharges. Medians of 

1-day and 3 - day discharges indicate the highest 
decreasing. The median of maximum discharges 

also decreased. The highest alterations correspond 

to the 1-day discharges that are related to the 
periods of floods (Fig. 2). At weekly scale, the most 

significant changes were registered by the 
extremes: a decreasing of 49% as registered for 7- 

day maximum and with 35.8%, for 7- day minimum. 

Also, the minimum of all minima increased with 
24.1% and the median augmented with 2.9%. 

Comparing the distribution of the monthly medians, 
we remark the highest values in January (30.2%) 

and April, and the significant decreasing the period 
May – July, after 1984, indicating the dam’s role 

during periods of heavy rainfall. The smallest 

hydrologic alteration corresponds to the month of 
November. Value registered by the third quartile 

(P0.75) relives that largest decrease was registered in 
spring (especially in April - 10.3%) and autumn 

(especially in October) and the existence of balance 

of 3.9%. At seasonal scale, during the post-impact 
period we notice the increment of the minimum 

discharges’ median (with 9.4%) and the decreasing 
of the maximum flow (with 12.6%). The extreme 

values registered the most significant decrement in 

the post – impact period: the (90-day max)’s 
minimum - from 28.6 to 16.4 m3/s, and the (90-day 

max)’s maximum -  from 92.6 to 69.8 m3/s. 
Contrary, the maximum of 90 - day min increased 

with 45.8%. The results presented here are in 
concordance with those from the Romanian 

literature, pointing out that the timing of annual 

extremes for the autumn months is approximately 
the same, excepting the date of their appearance. 

http://www.dtreg.com/mlfn.htm
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Figure 2: The pre and post-impact Siriu Dam variability of mean discharge of the Buzău River at Nehoiu hs 
(1955-2010): (a) 1-day min, (b) 1-day max, (c) 3-day min, (d) 3-day max, (e) 7–day min, (f) 7-day 
max, (g), 90-day min, (h) 90-day 
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Mathematical models 

In the following we denote by ntty
,1

)(
  (see 

equation 3) the values of NH (respectively NH1, 

NH2) and   the values of BS (respectively BS1, BS2) 
series. We intend to build a model for the type: 

   (3) ttt ebxay  , 
where:   

20454,1t for the NH and BS series,  

10593,1t for the NH1 and BS1 series,  

9861,1t for NH2 and BS2 series, 

a, b are parameters in the model, 

te  is the error.  
The values of the correlation coefficient were 

respectively: 0.938, 0.944 and 0.945, so the linear 

dependence NH-BS, NH1-BS1, NH2-BS2 are very 
strong, so we have season to build linear models. 

The results of t-tests and the F test on the models’ 
coefficients are given in Tables 2-4, where rows 2 

and 3 contain the values of the coefficients, the 
standard error of their calculation, the value of 

statistics of the t-test, the p-value and the inferior 

and superior limits of the confidence intervals at the 
confidence level of 95%, The second part (ANOVA) 

of the Tables contains the results of analysis of 
variance, where df is the degree of freedom, SS is 

respectively the explained variance (corresponding 

to the regression), the unexplained variance and the 
total one, MS is the ratio between SS and df, and F 

is the value of F-statistics, obtained as the ratio 
between the MS. Since the p-values corresponding 

to the t- test are 0, so less than 0.05, the hypothesis 
that the coefficients of the model (a and b) are 

significant cannot be rejected. Also, since the p-

value corresponding to the F – test is less than 0.05, 
we accept the hypothesis that the model (1) is 

significant in its whole. 

Table 2: Results of t-tests and F-test for the model NH function of SH 

Coefficients Values  Standard Error t Stat p-value Lower 95% Upper 95% 

a 3.2443 0.0827 39.211 0 3.082 3.406 

b 1.5668 0.0040 388.731 0 1.559 1.574 

ANOVA df SS MS F p-value  

Regression 1 13917240.76 13917241 151112.1 0  

Residual 20453 1883604.352 92.09879    

Total 20454 15800845.11     

Table 3: Parameters in the model (1) for NH1 function of BS1 

Coefficients Values Standard Error t Stat p-value Lower 95% Upper 95% 

a 2.8779 0.1192 24.1297 2.8E-125 2.644 3.111 

b 1.6636 0.0056 296.0189 0 1.652 1.675 

ANOVA df SS MS F p-value  

Regression 1 8814704 8814704 87627.22 0  

Residual 10591 1065383 100.5932    

Total 10592 9880086       

Table 4: Parameters in the model (1) for NH2 function of BS2 

Coefficients Values Standard Error t Stat p-value Lower 95% Upper 95% 

a 3.845 0.108196 35.5449218 1.7E-260 3.633742 4.057915 

b 1.441 0.005477 263.10961 0 1.430261 1.451732 

ANOVA df SS MS F p-value  

Regression 1 5156218 5156218.3 69226.67 0  

Residual 9859 734329.1 74.4831221    

Total 9860 5890547     

 
The study of autocorrelation functions of the 

errors in the model (1) proves that the errors 

present autocorrelation (Fig. 3). Indeed, the vertical 
lines represent the values of the autocorrelation 

function and the dotted ones, the limits of the 

confidence interval at the confidence level of 95%. 
Since there are values of the autocorrelation 

functions outside the limits of the confidence 

intervals, we conclude that the errors present 
autocorrelation.
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Figure 3: Autocorrelation functions of the errors in the models NH vs. BS (a), NH1 vs. BS1 (b), NH2 vs. BS2 
(c) 

The results of Anderson – Darling test (Table 5) 

prove that the series are not Gaussian, because the 
p-values are less than 0.05. 

Table 5: Results of Anderson- Darling test of 
normality 

Model Value of AD -statistics p-value 

NH vs. BS 1232.389 < 0.005 

NH1 vs. BS1 841.449 < 0.005 

NH2 vs. BS2 408.966 < 0.005 

 
The results of the Levene prove that the errors 

are homoscedastic (have the same variance) only in 

the model NH2 vs. BS2.  Finally, we present the 
charts of predicted values vs. the actual ones in all 

models (Fig.4). 

 

 

Figure 4: Predicted values vs. actual values in the models NH vs. BS (a), NH1 vs. BS1 (b), NH2 vs. BS2 (c)

Conclusion 

Based on the statistical analysis performed using 

IHA software, we consider that the hydrologic 
alterations of daily mean discharge of the Buzău 

River, registered at Nehoiu hs was moderate in the 
period 1984 – 2010, after the inauguration of Siriu 

Dam. The flow intensity of the Buzău River was 
affected, e.g. by decreasing the maximum values 

and increasing the minima. On the other hand, it 

was proved that the daily mean discharge of the 
Buzău River, registered at Nehoiu is in a strong 

linear dependence with the flow of Bâsca River. New 
changes, probably more significant, in the 

hydrological regime of the upper part of Buzău River 
Catchment will appear at the release of Surduc Dam 

on main tributary, Bâsca River. 
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