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CONFERENCE OVERVIEW  

The ERB (The Euromediterranean Network of 

Experimental and Representative Basins) is an open 
association of 23 European countries operating and 

managing well instrumented experimental and 
representative basins for hydrological and 

environmental research on a long-term basis.  

The main objectives of the network are: i) to 
establish and maintain relationships between 

member countries and research teams by means of 
information exchange, mobility and regular 

conferences; ii) to initiate and enable co-operation 
between members and other organizations; iii) to 

maintain a database of small research and 

experimental basins (Holko and Miklánek, 2003). 
 

 

Fig. 1: Logo of the ERB - The Euromediterranean 
Network of Experimental and Representative 
Basins 

 
In recent years, there has been an increasing 

interest in hydrological research in small 
catchments. Current evidence suggests that, only in 

well-defined small basins, where there are high-
quality measurements, is it possible to investigate 

the complexities of combined physical, chemical, 

and biological processes (Holko et al., 2015). 
The scientific and practice importance of small 

catchments (hillslope, runoff plot), is recognized as a 
way (natural or simulated) to better understanding 

hydrological processes (e.g., runoff formation). 

According to previous source, Braunschweig 

Declaration (2009) showed that a strengthened 

network of hydrological research basins would help 
to facilitate the synthesis of research required to 

meet future challenges in water resources 
management in a changing environment. 

Biennial Conference of ERB have a long tradition 

of 31 years. This special issue of the “Forum 
geografic. Studii de geografie şi protecţia mediului” 

(Geographical Phorum – Geographical Studies and 
Environment Protection Research), hosting the 

paper of 16th Biennial Conference ERB.  
The 16th Biennial Conference ERB was held 5–8 

September 2016 in Bucharest, Romania, and was 

hosted by National Institute of Hydrology and Water 
Management (NIHWM). 

 

16th Biennial Conference ERB 

The Conference was organized by National 
Institute of Hydrology and Water Management and 

the Romanian Association of Hydrological Sciences. 

Also, conference secured the support of National 
Administration “Romanian Waters”; International 

Association of Hydrological Sciences International 
Hydrological Program - UNESCO; Technical 

University of Civil Engineering - Bucharest; the 

University of Bucharest, Faculty of Geography.  
The conference was opened by Daniela 

RĂDULESCU Ph.D., Eng. Director of the NIHWM, 
Romania and Gheorghe CONSTANTIN director of 

Department of Water Resources Management, 
Romanian Ministry of Environment, Water and 

Forests; Gianina NECULAU Ph.D. (NIHWM, 

Romania), organizer and actual national 
correspondent ERB; Marius MĂTREAŢĂ Ph.D., Eng., 
president of the Romanian Association of 
Hydrological Sciences, and Hubert HOLZMANN, 

Ph.D., Eng., ERB International Co-ordinator (2012-

2016) co-chaired the Conference (Fig. 2). 
The conference program focused on the theme 

“Hydrological behaviour in small basins under changing 
conditions”. Eighty-four participants representing 

sixteen countries (Norway, Portugal, Italy, the 
Netherlands, Luxembourg, Germany, Austria, Poland, 

Czech Republic, Slovakia, Romania, Ukraine, Turkey, 

Iran, Lebanon and Brazil) attended the conference.  

A Special Issue: Hydrological Behaviour In Small Basins 
Under Changing Conditions  

Gabriel MINEA1*, Gianina NECULAU1,**, João Pedroso de LIMA2*** 
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We have encouraged and sustained (free 

accommodation and reduced fee) for five PhD-

students. 
Over three days, sixty-one interesting 

presentations discussed a wide variety of topics: i) 
Assessing extreme natural events based on observed 

data from experimental and representative basins; 

Evapotranspiration and water circulation in small 

basin; ii) Water resources in small basins with 

changing land use; iii) Rainfall – runoff – relationship 

in small catchments under changing conditions; iv) 
Changes in water quality, aquatic ecology, sediment 

transport, and related issues. At the conference, Prof. 
João Pedroso de LIMA Ph.D., Eng., was welcomed as 

the new ERB International Coordinator (2016-2020). 

 

      

          Fig. 2: Collage of the photographs taken at the 16th Biennial Conference ERB, 2016  

  

A total of 74 abstracts were compiled in the Book 
of Abstracts: “HYDROLOGICAL BEHAVIOUR IN 

SMALL BASINS UNDER CHANGING CONDITIONS”, 
of which 38 corresponded to oral and 23 to poster 

contributions. The Book of Abstracts also included 

General information on ERB, Organization the 16th 
Biennial Conference ERB 2016, Technical visit and 

Abstracts, and is available here1.  
Stimulating discussions abounded and the 

interest of the contributors for hydrology (small 

basins) was obvious. The conference was completed 
by a notable fieldwork day at the Voinești 

Experimental Basin - 7 September 2016. Fifty-four 
delegates participated in this fieldwork. Film footage 

of the conference and snapshot picture can be 
viewed or downloaded from web site conference2.  

Papers presented  

In 2015, Holko et al. published a paper in which 

they described previous ERB conference 

                                                
1 -  http://media.wix.com/ugd/aaa9d1_e330d6c406684561 
8223dcc6af6e0c77.pdf 
2 - http://www.erb2016.com/conference-snashots 

(http://www.ci.uc.pt/imar/erb2014/), and 
summarizing paper contributions submitted to the 

Journal of Hydrology and Hydromechanics. 
Continuing this precious initiative we found a journal 

“Geographical Phorum - Geographical studies and 
environment protection research”, for includes 
contributions presented at the ERB 2016 conference. 

Therefore, this special issue contains papers 
presented at the conference and submitted for 

inclusion in the Special Issue: “HYDROLOGICAL 
BEHAVIOUR IN SMALL BASINS UNDER CHANGING 
CONDITIONS”. Each manuscript submitted was 

assigned to one of the ERB Editorial Advisory and 
Review Board. The Editor’s decision regarding 

publication is based on the assessments and reports 
of independent referees. The thirteen papers 

contained a variety of hydrology subjects. A short 

statement on each paper is as follows: 
i) in their contribution, Abrantes et al. evaluate 

the applicability of an infrared thermography 
technique relying on cooling the soil surface with 

cold water for assessing soil water repellency (SWR) 

severity under field conditions; results of this study 

http://media.wix.com/ugd/aaa9d1_e330d6c4066845618223dcc6af6e0c77.pdf
http://media.wix.com/ugd/aaa9d1_e330d6c406684561%208223dcc6af6e0c77.pdf
http://media.wix.com/ugd/aaa9d1_e330d6c406684561%208223dcc6af6e0c77.pdf
http://www.erb2016.com/conference-snashots
http://www.ci.uc.pt/imar/erb2014/
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suggest that is worthwhile to explore this technique; 

only extensive testing can, in fact, validate the 

technique and reveal its suitability under different 
field conditions (e.g., surface roughness, surface 

cover, spatial scale); 
ii) Budzisz and Cieśliński estimated the effect 

of changes in groundwater level on selected plant 

communities in wetland areas (Piaśnickie Łąki); the 
paper provides a detailed hydrographic analysis of 

wetland areas including information on water 
migration pathways, water recharge systems and 

sources of water loss; 
iii) Osypov et al. presents results for the analysis 

conducted on nutrient loads to the river from the 

non-point sources in the small agricultural Holovesnya 
River Catchment (Ukraine), by means of hydrological 

process-based SWAT model; acceptable results were 
achieved for nitrogen and phosphorus loads; 

iv) in their contribution, Neculau and Stan 

provide a valuable information about evaporation 
and evapotranspiration rates in Romania; their work 

can be used for determining indirectly evaporation 
and evapotranspiration rates at the micro-scale: on 

a multi-year period, evaporation ranged from 300 
mm - 800 mm/year, with the highest values 

recorded in the south east of the country and the 

Danube Floodplain (over 1,000 mm/year), western 
part (over 800 mm/year) and the lowest values 

registered in the mountain areas (less than 400 
mm/year); evapotranspiration vary between 300 

mm/year and 625 mm/year, with a maximum of 

over 650 mm/year in the plains and a minimum of 
less than 300 mm/year in the mountains; 

v) the paper by Mătreaţă et al. presents an 
integrated approach for preparation of flash flood 

hazard maps using different threshold values and 

indices methods; the methods are based on the 
influence of the main physical-geographical factors 

on the rainfall-runoff processes; authors conclude 
that the methodology, is a robust approach suitable 

for the first general assessment of flash flood hazard 
determination in small basins and it can be applied 

to large areas; 

vi) Caloiero et al. evaluate experimental the 
role of forests in the hydrological processes which 

occur in a headwater basin draining a Calabrian pine 
forest (Pinus laricio Poiret); results of this work 

evidenced the effect of a silvicultural practice on the 

runoff response thus showing that an appropriate 
forest management can have a key role in water 

management at basin scale; 
vii) Roel and Lisette investigate with field 

experiments hydrologic parameters in the small 
basaltic aquifers and modelling water transport on 

Skaftafellsheiði (Iceland); the authors detect that: 

quick discharge response on rainfall events, but also 
rather constant base flow during dryer periods when 

discharge observations in streams are combined 

with groundwater head observations, it is possible to 

calibrate a rather simple groundwater flow model 

and obtain reasonable hydraulic conductivity values 
for the basalt layers; the model layers do not reflect 

single basalt layers of sub-aquifers, but represent 
multiple flows and thus resemble representative 

elementary units; 

viii) Mocanu et al. analyse some of the decision 
factors when you are faced with decisions related to 

how to construct a water-management Information 
and Communication Technologies (ICT) support 

tool; Mocanu et al. suggest that that data processing 
related research directions that need strong ICT 

support are very demanding in our days, considering 

the variety and complexity of the research field, and 
the necessity of targeted, specialized research 

teams, able to deal with different perspectives, but 
with deep expertise in one of them; 

ix) a contribution by Osadcha et al. deals with 

field experiments about peculiarities and establish 
quantitative parameters of leaching of organic 

matter of humic nature and iron from the wetlands, 
as well as to evaluate the role of certain processes 

influencing the migration of iron with the river 
runoff; the research was conducted at the 

experimental base (small runoff plot) of the 

Ukrainian Hydro-Meteorological Institute, located in 
the forest-steppe zone of Ukraine (Boguslavka 

River); during the snowmelt, exclusively a 
subsurface runoff was formed; the values of 

distribution characteristics of two main fractions of 

humic substances - humic and fulvic acids - between 
the solid phase of peat and water runoff were 

obtained; a methodology has been proposed to 
predict emission of humic substances and iron into 

water runoff of the Pripyat River; 

x) Kulasova et al. paper discusses the influence 
of extreme rainfall on flow, soil moisture, nutrients, 

and tracer pathways in two agricultural experimental 
sites: Královský and Smržovský (Jizera Mountains, 

Czech Republic); the authors use several field 
experiments both on a meadow and in forest with 

sprinkling and runoff plots; the results correspond to 

results from rainfall-runoff events, when extreme 
rainfall causes the wash off of the soil into the 

stream; the change in Olsen P on the pasture slope 
was less than 1 mg/kg of dry matter of soil while on 

the catchment used for crops it was larger than 10 

mg/kg; 
xi) Krammer et al. evaluate performance of the 

HYDROBOD - obtaining a GIS - based hydrological 
soil database and a runoff coefficient calculator for 

Lower Austria; in the State of Lower Austria, it is an 
acknowledged method to use rainfall-runoff models 

when estimating flood peak discharges for small 

catchments where there are no direct gauging 
observations; the project HYDROBOD intends to 

provide a solid and homogeneous database of some 
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basic soil hydraulic parameters over the whole state 

area (over 19,000 km²) and contains a hydrological 

model for estimation of these runoff coefficients 
which takes into account some relevant input 

variables; in a first step (HYDROBOD I), hydraulic 
soil parameters are calculated by regionalization 

methods and assembled for the whole area of Lower 

Austria, using a GIS-database (50 x 50 m2) and in a 
second step (HYDROBOD II), a vertical one-

dimensional event model was set up which allows to 
calculate storm event runoff coefficients on a cell-

by-cell basis for any given area in Lower Austria.  
xii) Cieśliński et al. present results from 

quantity of wastewater entering the Gulf of Gdańsk - 

which is part of the Baltic Sea and identify main 
determinants potentially affecting water quality in 

rivers flowing across the city of Sopot; investigation 
has shown that none of the 6 studied rivers 

experienced concentrations of total nitrogen above 

the norm accepted in Poland for Class 1 water 
quality (5 mg·dm-3); the 6 small rivers discussed in 

this paper contribute 0.002% of the biogenic load 
supplied to the Baltic Sea by Poland as a whole; the 

annual load supplied by all 6 rivers in the Sopot city 
area during the study period was ~4,300 kg for total 

nitrogen and ~370 kg for total phosphorus;  

xiii) Minea et al. examine the temporal rainfall 
properties at events scale in the Curvature 

Subcarpathians at Voinești Experimental Basin 
(Romania), during in the warm semester (the period 

between 1 April and 30 September; 1980-2010); 

rainfall events was characterized by small depth (up 
to 15.7 mm; up to 90th percentile) ~ 93%, and they 

were concentrated (34.4%) in May; almost half of 
rainfall events (48.2%), had short duration (up to one 

hour) and the smallest depth (95% confidence 

interval, 3.85–4.56 mm), while those with durations 
longer than 5 hours (10.5%) were specific the 

September (22.5%); regarding maximum intensities 
of rainfall events just 16 events exceeding 1 mm/min 

(0.86%), which denote insignificant occurrence - 
encountered phenomenon in all months, especially in 

August - and mild torrential character. 
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Introduction 

Soil water repellency (SWR) is recognized as a 
key hydrological and geomorphological process since 

the earlier part of the 20th century. However, first 
observations of this phenomenon were reported in 

the later part of the 18th century (DeBano, 2000, 

Doerr et al., 2000). SWR is a major concern to 
hydrogeologists and land managers since it can alter 

infiltration and solute transport into the soil, 
enhancing surface runoff and associated erosion and 

affecting seed germination and plant growth, 
triggering land degradation processes (Keizer et al., 

2005a; Leighton-Boyce et al. 2007; Ritsema and 

Dekker, 1994; Shakesby et al., 1993).  
 

 

SWR is originated by the coating of soil particles 
with hydrophobic organic substances usually released 

by plants or decomposing plant material (Dekker and 
Ritsema, 1994; Keizer et al., 2005b). Repellent soils 

have been found in fire affected forest lands (Badía-

Villas et al., 2014; Keizer et al., 2008; Mataix-Solera 
and Doerr, 2004), but also in pine and eucalypt forest 

lands not affected by fires and in agricultural lands 
with high soil organic matter content (Doerr et al., 

2000, Keizer et al., 2007, Santos et al., 2013). 
One of the most commonly used technique to 

measure SWR is the Molarity of an Ethanol Droplet 

(MED) test (Letey, 1969), which measures the 
surface tension between an ethanol solution and the 

soil surface to indirectly determine how strongly the 
water is repelled. It provides quantitative data, but 

the subsequent classification or characterization of 
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Abstract 

This study aimed to evaluate the applicability of an infrared 
thermography technique relying on cooling the soil surface with cold 
water for assessing soil water repellency (SWR) severity under field 
conditions.  
This study is a follow-up of earlier exploratory small-scale laboratory 
tests, where SWR spatial variability was mapped and repellent areas 
could be clearly detected on the thermal imaging due to their higher 
temperatures, thus distinguishing them from the remaining wettable 
areas.  
Field tests were carried out, where both natural and artificial SWR 
were mapped through thermal imaging, using a portable infrared 
video camera. Cold water was used to create a temperature 
gradient on the soil surface in order to assess SWR. 
 Naturally repellent soils were found in a pine and eucalyptus forest 
and artificial SWR was induced with a waterproofing spray. 
The molarity of an ethanol droplet (MED) test was used to measure 
both natural and artificial SWR severity. 
The technique was, in overall terms, successful in mapping SWR 
spatial variability, distinguishing repellent from wettable areas as 
well as distinguishing different levels of SWR severity.  
Only extensive testing can, ultimately, validate the technique and 
reveal its suitability in different field conditions (e.g., surface 
roughness, surface cover, spatial scale). 

Keywords: soil water repellency, infrared thermography, field 
tests 

Rezumat. Evaluarea în teren a impermeabilității 

apei în sol utilizând termografia în infraroșu 

Acest studiu a avut drept scop evaluarea utilizării unei tehnici 
de termografie în infraroșu, bazându-se pe răcirea suprafeței 
solului cu apă rece, pentru a evalua impermeabilitate hidrică a 
solului (SWR) în condiții severe de teren. Acest studiu este o 
continuare a testelor de laborator anterioare de explorare la 
scară mică, în care variabilitatea spațială a SWR a fost cartata, 
iar zonele de respingere a putut fi detectate în mod clar pe 
imagini termice datorită temperaturilor lor mai mari, ceea ce a 
permis distingerea de perimetrele umectate. Testele de teren 
SWR au fost efectuate, în regim natural cat și artificial, iar 
cartografierea s-a efectuat prin imagistică termică, cu o 
camera video portabila în infraroșu. Apa rece a fost folosit 
pentru a crea un gradient termic pe suprafața solului, în scopul 
de a evalua SWR. În mod natural, soluri hidrofuge au fost 
găsite într-o pădure de pin și eucalipt și SWR artificiala a fost 
indusă cu un spray pentru impermeabilizare. Molaritatea unui 
test de etanol a picăturii (MED) a fost utilizata pentru a 
măsura severitatea SWR atât natural și artificiala. În termeni 
generali, tehnica a fost un succes si a permis cartarea 
variabilității spațiale a SWR, diferențierea perimetrelor 
hidrofuge de cele zone hidrofile precum și niveluri distinctive 
de severitate diferită a SWR. Numai testare extinsă poate, în 
cele din urmă, să valideze tehnica și sa dezvăluie caracterul 
adecvat în condiții diferite de teren (de exemplu, rugozitate de 
suprafață,  acoperirea terenului, scară spațială). 

Cuvinte-cheie: impermeabilitate hidrică a solului, 
termografiere  în infraroșu, testele de teren 
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these data varies with the objective of the 

investigator and perception of what constitutes low 

or high SWR severity. The MED test is a practical 
and quick test and has therefore been widely 

applied in especially intensive field monitoring 
studies (Keizer et al., 2005b; 2007, 2008; Malvar et 

al., 2015; Santos et al., 2013). Other techniques 

used to measure SWR include measurement of the 
time taken by a water drop to completely penetrate 

into the soil, measurement of the water-soil contact 
angle, measurement of ethanol and water ethanol 

sorptivity, measurement of the water entry pressure 
head of a soil and the sessile drop method (King, 

1981; Dekker et al., 2009). However, these 

techniques only provide punctual data that must be 
grouped or scaled to bring out spatial coherence, in 

order to properly map spatial variations of SWR at 
field and landscape scales. 

Infrared thermography based methods have 

been used as high resolution imaging tools in 
hydrology (Bonar and Petre, 2015; Mejías et al., 

2012; Schuetz et al., 2012) and physical geography 
(Dehvari and Heck, 2007; Pohl and Van Genderen, 

1998; Ricchetti, 2001), in particular those using 
portable hand-held infrared cameras have been 

increasing due to recent reductions in their prices 

and substantial enhancements of their portability 
and spatial resolution. In recent studies, infrared 

thermographic techniques were used by the authors 
to assess different soil surface hydrological 

processes in laboratory and field conditions 

(Abrantes et al., 2017; Abrantes and de Lima, 2014; 
de Lima and Abrantes, 2014a, 2014b; de Lima et al., 

2014a, 2014b, 2014c, 2015a, 2015b). 
This study aimed to evaluate the applicability of a 

field infrared thermography technique relying on 

cooling the soil surface with cold water for assessing 
small-scale SWR severity under field conditions. This 

study is a follow-up of exploratory small-scale 
laboratory tests presented in Abrantes et al. (2017) 

where SWR spatial variability was mapped and 
repellent areas could be clearly detected on the 

thermal imaging due to their different coloration 

associated with higher temperatures, thus 
distinguishing them from the remaining wettable 

areas. 

Study area and soil surface repellency 

The field tests presented in this study were 
conducted in a Pine (Pinus pinaster) and Eucalyptus 

(Eucalyptus globulus) forest site located in Pinhal de 

Marrocos, Coimbra, Portugal, in the surroundings of 
the Department of Civil Engineering of the Faculty of 

Sciences and Technology of the University of 
Coimbra. The soils in this site were loamy sand soils 

with a surface slope between 15-20%. Soil surface 
was dry at the beginning of the tests. 

The thermographic technique was tested in 6 

areas of the study site, each with approximately 0.65 

× 0.85 m2. The areas presented different 
characteristics (Fig. 1a), such as areas with bare soil 

surface in open patches of the tree canopy (i.e. 
wettable soil surface) and areas with soil surface 

covered with a thick litter layer of pine and 

eucalyptus residues (i.e. repellent soil surface). Some 
wettable areas of the soil surface were also induced 

with artificial repellency by applying a waterproofing 
spray. This allowed to test the technique in different 

soil surface repellent conditions, ranging from 
wettable to extremely repellent: scenario 1 with 

wettable soil surface; scenario 2 with low SWR; 

scenario 3 with moderate SWR; scenario 4 with 
severe SWR; scenario 5 with half of the area 

artificially induced with extreme repellency (Fig. 1b); 
and scenario 6 with circular areas artificially induced 

with extreme repellency (Fig. 1c). 

 

 

Fig. 1: Photographs of: a) study area with 
observation of the increasing layer of litter and, 
consequently, increasing SWR; b) and c) scenarios 
5 and 6, respectively, with representation of the 
boundary between the wettable and the induced 
repellent areas (photographs taken immediately 
after application of the waterproofing spray); and 
d) location of the places where the MED test was 
used to measure the SWR in the scanned area, 

after removal of the litter layer 

SWR severity was determined at the soil surface 
after removal of the litter layer, using the MED test 

(following proceeding used in Abrantes et al., 2017). 

SWR severity was divided in 5 repellency intensity 
classes, according the ethanol concentration, as 

follows (adapted from Doerr et al., 1998): class 0, 
wettable (0%); class 1, low repellency (1, 3 and 

5%); class 2, moderate repellency (8.5 and 13%); 

class 3, severe repellency (18 and 24%) and class 4, 
extreme repellency (36, 50% and more). In each 

scenario, SWR measurements were conducted 
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randomly at the soil surface on 16 points in a 

regular pattern, as shown in Fig. 1d. 

 

Materials and methods 

Infrared thermographic technique 

A schematic representation of the experimental 
setup used in this study is presented in Figure 2. 

The proposed thermographic technique, tested 
previously in laboratory (Abrantes et al., 2017), 

started by applying approximately 4.0 L of cold 

water, at a temperature of 6.3±0.5 °C (cooled in a 
refrigerator), over the soil surface. The water was 

released manually by turning over a feeder box 
located upslope of the scanned area (Fig. 2). The 

feeder box was tipped in a quick and fast movement 
in order to achieve a uniform discharge and a flow 

depth uniformity over the scanned area but, at the 

same time, to induce minimum soil surface 
disturbances. 

Thermal videos of the soil surface and water 

were recorded with an Optris PI-160 portable 

infrared video camera (Optris GmbH, Germany) with 
an optical resolution of 160 × 120 pixels. The 

camera was attached to a support structure with the 
focal direction perpendicular to the soil surface, at a 

distance of 2.15 m (Fig. 2).   These videos were 

then analysed with the objective of distinguish 
repellent from wettable areas as well as identify 

different levels of SWR. For each scenario, two 
thermograms (i.e. snapshot of the thermal video) 

were selected and its temperatures were analysed: 
one corresponding to an instant just before the 

coldwater application; and other corresponding to 

an instant just after the passage of the cold water 
wave through the scanned area, approximately 5 s 

after the cold water application. This specific instant 
was chosen because, in general, it revealed the 

strongest thermal differences between wettable and 

repellent areas and, thus, allowed evaluating the 
best possible performance of the proposed 

technique. 

 

Fig. 2: Scheme of the setup used in the field tests (not at scale) 

  

Results and discussion 
Thermograms of the six scenarios studied in the 

field experimental tests, using the proposed infrared 
thermography technique, are presented in Figure 3. 

Each thermogram comprises a total of 19200 pixels 

(i.e. temperature data points), each one with a size 
of 28.8 mm2. 

At the beginning of the tests, soil surface 
temperature was not exactly the same in all 

scenarios. Average soil surface temperature of 
scenarios with previous presence of a litter layer of 

forest residues (removed at the beginning of the 

tests and before thermal images were captured) was 
lower than bare soil scenarios (average values of 

22.2 and 24.0 °C, respectively). Before the 
application of the thermographic technique (i.e. 

application of the cold water on the soil surface), the 

extremely repellent area induced with waterproofing 
spray could not be distinguished from the wettable 

area in scenario 5 (Fig. 3e left). However, circular 

extremely repellent areas, induced with 

waterproofing spray, in scenario 6 showed slightly 

lower temperatures than the remaining wettable 
area. Even so, these thermal differences were not 

significant and, by themselves, were not sufficient to 
identify the extremely repellent areas. 

As the cold water flowed down the scanned 

areas, it started to be repelled in the repellent areas. 
Therefore, after the passage of the water wave 

through the scanned areas, scenarios with stronger 
levels of SWR presented higher average 

temperatures (cold water was repelled), as opposed 
to scenarios with no (wettable soil) and lower levels 

of SWR, where more cold water infiltrated into the 

soil, thereby cooling it.  
Extremely repellent areas induced with 

waterproofing spray in scenarios 5 and 6 (Figures 3e 
and 3f) could be clearly distinguished from the 

wettable area, based on their lighter coloration 

associated with higher temperatures (also observed 
in Abrantes et al., 2017). 
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Imaging results were driven by soil water content 

as a result of infiltration differences (also observed 

in de Lima et al., 2014b). As stated before, in 
wettable areas more cooled water flowed into the 

soil, therefore these areas presented lower 
temperatures. Repellent areas presented higher 

temperatures, because less cooled water has 

infiltrated in these places since it was repelled. 
Therefore, these imaging results are a clear 

indicator of the drainage pattern of each studied 
scenario, especially Figures 3c and 3d. 

Since the application of the thermographic 
technique only lasted 5 s (i.e. time taken from the 

application of the cold water to its passage through 

the scanned area), temperature exchange between 

the soil surface (and/or water flowing at the soil 
surface) and the atmosphere was considered 

negligible. The thermogram of scenario 6 presented 
some deformations of the circular areas, where 

extreme SWR was induced, suggesting leaching of 

SWR from these areas in the downslope direction 
(also observed in Abrantes et al., 2017).  

These deformations could result/reflect the 
transport of repellent soil particles by the water 

wave and/or heat diffusion, as observed in de Lima 
and Abrantes (2014) and in de Lima et al. (2014b). 

 

Fig. 3: Unprocessed soil surface thermograms of the six scenarios studied in the field tests, before (ti = 0 
s) and after (tf = 5 s) the application of the thermographic technique (i.e. application of the cold water on 
the soil surface): a) scenario 1 with wettable soil surface; b) scenario 2 with low SWR; c) scenario 3 with 
moderate SWR; d) scenario 4 with severe SWR; e) scenario 5 with half of the area artificially induced with 
extreme repellency; and f) scenario 6 with circular areas artificially induced with extreme repellency 

As stated before, soil surface temperature at the 
beginning of the tests (i.e. prior to cold water 

application) was not exactly the same in all 
scenarios; therefore, the temperature in the 

thermograms was corrected by subtracting the 

temperature of the thermograms before the cold 
water application (Ti at ti = 0 s) to the temperature 

of the thermograms after the cold water application 
(Tf at tf = 5s), as schematized in Figure 4 for 

scenario 1.  

Since the temperature of the cold water applied 
to the soil surface was approximately equal in all 

tested scenarios (6.3±0.5°C) a correction of this 
temperature was not done. However, a similar 

correction should be considered if the temperature 
of the applied water would not equal. 

 

 

Fig. 4: Scheme of the procedure used in the 
temperature correction of the soil surface 
thermograms, for scenario 1 
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The correction procedure resulted in the final 

thermograms is shown in Figure 5, for all tested 

scenarios. With this correction, temperature of all 
thermograms can be compared without interference 

of the initial temperature of the soil surface. This is 
relevant because average soil surface temperature 

of scenarios with previous presence of a litter layer 

of forest residues was lower than bare soil 
scenarios. 

As shown in Figure 5 (left), scenarios with 
stronger levels of SWR presented a corrected 

temperature (i.e. temperature difference) closer to 0 
°C, since its final temperature was more similar to 

the initial temperature, due to lower cold water 

infiltration. By contrast, scenarios with no and lower 
levels of SWR presented average lower corrected 

temperatures, due to higher infiltration of cold water 
into the soil. This is shown in the graph of the 

Figure 5g which presents the average corrected 

temperatures, extracted from the processed 

thermograms, and plotted against the 5 SWR 
severity classes measured with the MED test. 

For each and every year, the values of the Figure 
6 (right) shows corrected temperatures extracted 

from the thermograms, for some cross sections of 

the scanned area, for all tested scenarios. The 
longitudinal (Fig. 6a) as well as transversal (Fig. 6b) 

cross sections revealed that average corrected 
temperatures contrasted markedly between 

scenarios 1, 2, and 3-4. However, almost no 
difference was observed between the average 

corrected temperature of scenarios 3 and 4. For the 

induced extreme SWR scenarios (scenario 5 in Fig. 
6c and scenario 6 in Fig. 6d) a clear distinction 

existed between the corrected temperature in the 
repellent and wettable areas. 

       

Fig. 5: a), b), c), d), e) and f) Themograms of the soil 
surface after the correction procedure, for all tested 
scenarios; and g) Average and standard deviation 
(19200 data points) of the corrected temperatures 
plotted against the 5 SWR severity classes measured 
with the MED test (class 0 – wettable, class 1 - low 

SWR, class 2 - moderate SWR, class 3 - severe SWR 
and class 4 - extreme SWR) 

 

Fig. 6: Soil surface corrected temperature 
(data points and average lines), for some cross 
sections of the scanned area (shown in the 
right side of the plots): a) Longitudinal cross 
sections for scenarios 1, 2, 3 and 4 (160 data 
points); b) Transversal cross sections for 

scenarios 1, 2, 3 and 4 (120 data points); c) 
Cross section for scenario 5 (90 data points); 
and d) Cross section for scenario 6 (60 points) 

Conclusion 

In the present field study, a technique based on 

infrared thermography was tested for assessing 
water repellency at the soil surface (SWR). The 

technique proved to be an easy and fast way for 

gathering a high resolution SWR map in small scale 
field plots, allowing thermograms with 19200 data 

points versus the 16 MED measurements. The 

technique was, in general, successful in 
distinguishing areas that were water repellent from 

areas that were wettable as well as in distinguishing 

between areas with different levels of SWR. Overall, 
the proposed technique apparently has high 

potential to contribute to a better understanding of 
the hydrological impacts of SWR, by also revealing 

the drainage pattern of the field plots. 
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However, the proposed technique presented 

some drawbacks: i) it may require measurements of 

SWR as a basis for accurate predictions; ii) it can 
only be applied to relatively flat sloping soil surfaces 

and its results may depend strongly on experimental 
aspects (e.g., temperature of applied water), as well 

as on local soil conditions, such as roughness, 

temperature, moisture and macroporosity, which 
could create preferential infiltration patterns even in 

highly repellent areas; iii) it may affect the soil 
surface characteristics, especially in easily erodible 

soils and it may alter SWR levels and, especially 
through leaching, SWR spatial patterns. 

Results of this study suggest that is worthwhile 

to explore this technique. Only extensive testing 
can, in fact, validate the technique and reveal its 

suitability under different field conditions (e.g., 
surface roughness, surface cover, spatial scale). 

Acknowledgements 

This study was supported by the project 

“RECARE - Preventing and Remediating degradation 
of soils in Europe through Land Care" (Grant 

Agreement 603498) funded by the European Union 
(EU), through a 5 months research grant of the first 

author (BI/UI88/7111/2015).  
This study is also in the framework of the 

doctoral (SFRH/BD/103300/2014) and post-doctoral 

(SFRH/BPD/97851/2013) grants of the first and third 
authors, respectively, and the project “HIRT - 

Modelling surface hydrologic processes based on 
infrared thermography at local and field scales” 

(PTDC/ECM-HID/4259/2014 – POCI-01-0145-

FEDER-016668), coordinated by the second author 
and funded by the Portuguese Foundation for 

Science and Technology (FCT) and FEDER (Fundo 
Europeu de Desenvolvimento Regional). 

 

References 

Acreman, M. C., Fisher, J., Stratford, C. J., Mould, D. J., & 
Mountford, J. O. (2007). Hydrological science and 
wetland restoration: some case studies from Europe. 
Hydrol. Earth Syst. Sci., 11, 158-169, 
doi:10.5194/hess-11-158-2007. 

Abrantes, J.R.C.B. & de Lima, J.L.M.P. (2014). 
Termografia para determinação da microtopografia da 
superfície do solo em diferentes condições de 
cobertura morta. Rev. Bras. Ciênc. Agrár. 9(3), 445-
453. doi:10.5039/agraria.v9i3a3602. 

Abrantes, J.R.C.B., de Lima, J.L.M.P., Prats, S.A. & Keizer, 
J.J. (2017). Assessing soil water repellency spatial 
variability using a thermographic technique: An 
exploratory study using a small-scale laboratory soil 
flume. Geoderma, 287, 98-104. 
doi:10.1016/j.geoderma.2016.08.014. 

Badía-Villas, D., González-Pérez, J.A., Aznar, J.M., Arjona-
Gracia, B. & Martí-Dalmau, C. (2014). Changes in 

water repellency, aggregation and organic matter of a 

mollic horizon burned in laboratory: soil depth affected 
by fire. Geoderma 213, 400-407. 
doi:10.1016/j.geoderma.2013.08.038. 

Bonar, S.A. & Petre, S.J. (2015). Ground-based thermal 
imaging of stream surface temperatures: technique 
and evaluation. N. Am. J. Fish Manag. 35(6), 1209-
1218. doi:10.1080/02755947.2015.1091410. 

de Lima, J.L.M.P. & Abrantes, J.R.C.B. (2014a). Can 
infrared thermography be used to estimate soil surface 
microrelief and rill morphology? Catena 113, 314-322. 
doi:10.1016/j.catena.2013.08.011. 

de Lima, J.L.M.P. & Abrantes, J.R.C.B. (2014b). Using a 
thermal tracer to estimate overland and rill flow 
velocities. Earth Surf. Proc. Land. 39(10), 1293-1300. 
doi:10.1002/esp.3523. 

de Lima, J.L.M.P., Abrantes, J.R.C.B., Silva Jr., V.P., de 
Lima, M.I.P. & Montenegro, A.A.A. (2014a). Mapping 

soil surface macropores using infrared thermography: 
Exploratory laboratory study. Sci. World J. 2014, Art.ID 
845460. doi:10.1155/2014/845460. 

de Lima, J.L.M.P., Abrantes, J.R.C.B., Silva, JR., V.P. & 
Montenegro, A.A.A. (2014b). Prediction of skin surface 
soil permeability by infrared thermography: a soil 
flume experiment. Quant. Infrared Thermogr. 11(2), 
161-169. doi:10.1080/17686733.2014.945325. 

de Lima, J.L.M.P., Silva Jr., V.P., Abrantes, J.R.C.B., 
Montenegro, A.A.A. & de Lima, M.I.P. (2014c). In situ 
observation of soil macropores using infrared 
thermography. Die Bodenkultur 64(3-4), 57-62. 

de Lima, J.L.M.P., Silva, JR., V.P., de Lima, M.I.P., 
Abrantes, J.R.C.B. & Montenegro, A.A.A. (2015a). 
Revisiting simple methods to estimate drop size 
distributions: a novel approach based on infrared 
thermography. J. Hydrol. Hydromech. 63(3), 220-227. 
doi:10.1515/johh-2015-0025. 

de Lima, R.L.P., Abrantes, J.R.C.B., de Lima, J.L.M.P. & de 
Lima, M.I.P. (2015b). Using thermal tracers to 
estimate flow velocities of shallow flows: laboratory 
and field experiments. J. Hydrol. Hydromech. 63(3), 
255-262. doi:10.1515/johh-2015-0028. 

DeBano, L.F. (2000). SWR in soils: a historical overview. J. 
Hydrol. 231-232, 4-32. doi:10.1016/S0022-
1694(00)00180-3. 

Dehvari, A. & Heck, R.J. (2007). Comparison of object-
based and pixel based infrared airborne image 
classification methods using DEM thematic layer. J. 
Geogr. Reg. Plan. 2(4), 86-96. 
doi:10.5897/JGRP2009.5B0C0A51198. 

Dekker, L.W. & Ritsema, C.J. (1994). How water moves in 

a water-repellent sandy soil: 1. Potential and actual 
water-repellency. Water Resour. Res. 30(9), 2507-
2517. doi:10.1029/94WR00749. 

Dekker, L.W., Ritsema, C.J., Oostindie, K., Moore, D. & 
Wesseling, J.G. (2009). Methods for determining soil 
water repellency on field-moist samples. Water 
Resour. Res. 45(4), W00D33. 
doi:10.1029/2008WR007070. 

Doerr, S.H., Shakesby, R.A. & Walsh, R.P.D. (1998). 
Spatial variability of hydrophobicity in fire-prone 
eucalyptus and pine forests, Portugal. Soil Sci. 163(4), 
313-324. doi:10.1097/00010694-199804000-00006. 

Doerr, S.H., Shakesby, R.A. & Walsh, R.P.D. (2000). Soil 
water repellency: its causes, characteristics and hydro-

http://dx.doi.org/10.1016/j.geoderma.2013.08.038
http://dx.doi.org/10.1016/j.catena.2013.08.011
http://dx.doi.org/10.1002/esp.3523
http://dx.doi.org/10.1155/2014/845460
http://dx.doi.org/10.1080/17686733.2014.945325
http://dx.doi.org/10.1515/johh-2015-0025
http://dx.doi.org/10.1515/johh-2015-0028
http://dx.doi.org/10.1016/S0022-1694(00)00180-3
http://dx.doi.org/10.1016/S0022-1694(00)00180-3
http://dx.doi.org/10.1029/94WR00749
http://dx.doi.org/10.1097/00010694-199804000-00006


 
 

Field Assessment of Soil Water Repellency Using Infrared Thermography 

18 forumgeografic.ro 

geomorphological significance. Earth-Sci. Rev. 51(1-4), 

33-65. doi:10.1016/S0012-8252(00)00011-8. 
Keizer, J.J., Coelho, C.O.A., Shakesby, R.A., Domingues, 

C.S.P., Malvar, M.C., Perez, I.M.B., Matias, M.J.S. & 
Ferreira, A.J.D. (2005a). The role of soil water 
repellency in overland flow generation in pine and 
eucalypt forest stands in coastal Portugal. Soil Res. 
43(3), 337-349. doi:10.1071/SR04085. 

Keizer, J.J., Doerr, S.H., Malvar, M.C., Ferreira, A.J.D. & 
Pereira, V.M.F.G. (2007). Temporal and spatial 
variations in topsoil water repellency throughout a 
crop-rotation cycle on sandy soil in north central 
Portugal. Hydrol. Process. 21(17), 2317-2324. 
doi:10.1002/hyp.6756. 

Keizer, J.J., Doerr, S.H., Malvar, M.C., Prats, S.A., Ferreira, 
R.S.V., Oñate, M.G., Coelho, C.O.A. & Ferreira, A.J.D. 
(2008). Temporal variation in topsoil water repellency 
in two recently burnt eucalypt stands in north-central 

Portugal. Catena 74(3), 192-204. 
doi:10.1016/j.catena.2008.01.004. 

Keizer, J.J., Ferreira, A.J.D., Coelho, C.O.A., Doerr, S.H., 
Malvar, M.C., Domingues, C.S.P., Perez, I.M.B., Ruiz, 
C. & Ferrari, K. (2005b). The role of tree stem 
proximity in the spatial variability of soil water 
repellency in a eucalypt plantation in coastal Portugal. 
Soil Res. 43(3), 251-259. doi:10.1071/SR04096. 

King, P.M. (1981) Comparison of methods for measuring 
severity of water repellence of sandy soils and 
assessment of some factors that affect its 
measurement (Australia). Aust. J. Soil Res. 19(3), 275-
285. http://dx.doi.org/10.1071/SR9810275. 

Leighton-Boyce, G., Doerr, S.H., Shakesby, R.A. & Walsh, 
R.P.D. (2007). Quantifying the impact of soil water 
repellency on overland flow generation and erosion: a 
new approach using rainfall simulation and wetting 
agent on in situ soil. Hydrol. Process. 21(17), 2337-
2345. doi:10.1002/hyp.6744 

Letey, J. (1969). Measurement of contact angle, water 
drop penetration time, and critical surface tension. In: 
DeBano, L.F., Letey, J. (Eds.), Proceedings of the 
Symposium on Water-Repellent Soils, University of 
California, Riverside, CA, USA, 43-47. 

Malvar, M.C., Prats, S.A., Nunes, J.P. & Keizer, J.J. (2016). 

Soil water repellency severity and its spatio-temporal 
variation in burnt eucalypt plantations in north-central 
Portugal. Land Degrad. Dev. 27(5), 1463-1478. 
doi:10.1002/ldr.2450. 

Mataix-Solera, J. & Doerr, S.H. (2004). Hydrophobicity and 
aggregate stability in calcareous topsoils from fire-
affected pine forests in southeastern Spain. Geoderma 
118(1-2), 77-88. doi:10.1016/S0016-7061(03)00185-X. 

Mejías, M., Ballesteros, B.J., Antón-Pacheco, C., 
Domínguez, J.A., Garcia-Orellana, J., Garcia-Solsona, 
E.G. & Masqué, P. (2012). Methodological study of 
submarine groundwater discharge from a karstic 
aquifer in the Western Mediterranean Sea. J. Hydrol. 
464-465, 27-40. doi:10.1016/j.jhydrol.2012.06.020. 

Pohl, C. & Van Genderen, J.L. (1998). Review article 
Multisensor image fusion in remote sensing: Concepts, 
methods and applications. Int. J. Remote Sens. 19(5), 

823-854. doi:10.1080/014311698215748. 
Ricchetti, E. (2001). Visible-infrared and radar imagery 

fusion for geological application: A new approach using 
DEM and sun-illumination model. Int. J. Remote Sens. 
22(11), 2219-2230. doi:10.1080/713860801. 

Ritsema, C.J. & Dekker, L.W. (1994). How water moves in 
a water repellent sandy soil: 2. Dynamics of fingered 
flow. Water Resour. Res. 30(9), 2519-2531. 
doi:10.1029/94WR00750. 

Santos, J.M., Verheijen, F.G.A., Wahren, F.T., Wahren, A., 
Feger, K.H., Bernard-Jannin, L., Rial-Rivas, M.E., 
Keizer, J.J. & Nunes, J.P. (2013). Soil water repellency 
dynamics in pine and eucalypt plantations in Portugal – 
a high resolution time series. Land Degrad. Dev. 27(5), 
1334-1343. doi:10.1002/ldr.2251. 

Shakesby, R.A., Coelho, C.O.A., Ferreira, A.D., Terry, J.P. 
& Walsh, R.P.D. (1993). Wildfire impacts on soil 
erosion and hydrology in wet Mediterranean forest, 
Portugal. Int. J. Wildland Fire 3(2), 95-110. 
doi:10.1071/WF9930095. 

Schuetz, T., Weiler, M., Lange, J. & Stoelzle, M. (2012). 
Two-dimensional assessment of solute transport in 
shallow waters with thermal imaging and heated 
water. Adv. Water Resour. 43, 67-75. 

doi:10.1016/j.advwatres.2012.03.013.   
 

http://dx.doi.org/10.1016/S0012-8252(00)00011-8
http://dx.doi.org/10.1071/SR04085
http://dx.doi.org/10.1002/hyp.6756
http://dx.doi.org/10.1016/j.catena.2008.01.004
http://dx.doi.org/10.1071/SR04096
http://dx.doi.org/10.1002/hyp.6744
http://dx.doi.org/10.1029/94WR00750
http://dx.doi.org/10.1002/ldr.2251


Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XV, Supplementary Issue (December 2016), pp. 19-29 (11) 
http://dx.doi.org/10.5775/fg.2016.032.s 

© 2017 Forum geografic. All rights reserved. 19 

 

Introduction 

Wetland areas are characterized by a 
permanently high water content. Such areas can be 

flooded periodically or permanently swampy due to 
high groundwater levels and reduced surface water 

runoff. Wetland areas include swamps and bogs as 

well as moist areas found in the valleys of slow-
flowing rivers and streams affected by the horizontal 

movement of water. These areas are particularly  

 

valuable to the natural environment due to their 
ability to retain water and affect local hydrology in a 

number of ways (Oertli et al., 2005). Many wetland 
areas and their catchments form isolated patches of 

geographic space. At the same time, both natural 

changes and anthropogenic changes may cause 
wetland areas to form complete hydrographic 

systems in conjunction with any adjacent 
hydrographic entities (Tiner, 2003).   

The natural environment of wetland areas is 

characterized by the highest levels of biological 

Effect of changes in groundwater levels on selected 
wetland plant communities 

Marta BUDZISZ1,*, Roman CIEŚLIŃSKI1, Ewa WOŹNIAK1 

1 Department of Hydrology, University of Gdańsk, Bażyńskiego 4, 80-952 Gdańsk, Poland 
* Corresponding author, marta.budzisz102@gmail.com 

Received on <09-11-2016>, reviewed on <07-12-2016>, accepted on <16-02-2017> 

Abstract 

Wetland areas maintain a high level of moisture at all times and 
experience flooding at regular intervals. High groundwater levels 
help create wetland areas, as does a relative lack of surface water 
loss. The paper bases on the hypothesis that wetland areas are 
characterized by seasonally high water levels and drought. These 
changes in water content markedly affect the presence of rare 
plant communities. The purpose of this paper is to determine the 
effect of changes in the level of groundwater on selected plant 
communities in wetland areas. The paper also aims to determine if 
any other determinants affect these plant communities: (1) relief, 
(2) climate conditions (precipitation, temperature), (3) human 
impact. Furthermore, the paper provides a detailed hydrographic 
analysis of wetland areas including information on water migration 
pathways, water recharge systems, and sources of water loss. The 
study area consists of Piaśnickie Łąki – a protected natural area in 
northern Poland, close to the Baltic coastline. It is also a 
designated “Nature 2000” area, and it is abundant in rare plant 
communities such as reed grass (Molinietum medioeuropaeum), 
which thrives in variable moisture areas. The majority of the 
research work consisted of literature analysis and fieldwork, which 
included the installation of a groundwater monitoring system, 
groundwater and surface water level gauging, and discharge 
gauging for larger streams found adjacent to the study area. The 
fieldwork was done in the period 2014 – 2015. The collected 
research data indicate that groundwater levels did vary during the 
study period. These conditions helped produce a high rate of plant 
growth and an increased rate of evapotranspiration across the 
surface of the study area, which then helped decrease the level of 
groundwater. One basic condition for the functioning of variable-
moisture reed grass communities (Molinietum medioeuropaeum) 
is a specific pattern of variability in groundwater levels. Small 
depressions in the studied nature reserve offer the best conditions 
for the occurrence of reed grass communities. 

Keywords: wetland, groundwater, habitat, plant communities, 
reed grass 

 

Rezumat. Efectul schimbărilor nivelului apei subterane 
asupra comunităților de plante alese din zone umede  

Arealele cu zone umede mențin un nivel ridicat de umiditate a 
solului în orice moment şi sunt inundate la intervale regulate de 
timp. Nivelurile ridicate ale apelor subterane ajută la crearea unor 
zone umede, ceea ce face o relativă lipsă a pierderilor apei de 
suprafață. Articole importante admit ipoteza că zonele din zonele 
umede sunt caracterizate de un nivel sezonier ridicat de apă și 
secetă. Aceste modificări ale conținutului de apă afectează 
semnificativ prezența comunităților de plante rare. Scopul acestei 
lucrări este de a determina efectul variației nivelului apelor 
subterane asupra comunităților de plante selectate în zonele 
umede. De asemenea, lucrarea își propune să evalueze dacă alți 
factori determinanți afectează aceste comunități de plante: (1) 
relief, (2), condiții climatice (precipitații, temperatură), (3) impactul 
uman. Mai mult decât atât, lucrarea oferă o analiză detaliată 
hidrografică a zonelor umede, inclusiv informații privind căile de 
migrare a apei, sisteme de reîncărcare a apei, precum și sursele 
pierderilor de apă. Zona de studiu este format din Piaśnickie Laki - o 
arie naturală protejată din nordul Poloniei, aproape de coasta Mării 
Baltice. Aceasta, a fost desemnată sit "Natura 2000" și este bogată 
în comunități de plante rare, cum ar fi stuful (Molinietum 
medioeuropaeum), care se dezvoltă în zone de umiditate variabilă a 
solului. Cea mai mare parte a activității de cercetare a constat în 
analiza literaturii și lucrul în teren şi au constat în instalarea unui 
sistem de monitorizare a apelor subterane, staţie hidrometrică 
pentru monitorizarea nivelului apelor subterane şi de suprafață, 
stației hidrometrică pentru debitele de apă curse pe râurile mari din 
apropierea zonei de studiu. Activitățile de teren au fost realizată în 
perioada 2014 - 2015. Cercetarea datele colectate indică faptul că 
nivelul apelor subterane a variat pe parcursul perioadei de studiu. 
Aceste condiții au ajutat la producerea unei rate ridicată de creștere 
a plantelor și a unei rate crescute a evapotranspiraţiei zonei de 
studiu, care a  contribuit la reducerea nivelului apelor subterane. Ca 
o condiție de bază pentru funcționarea variabilă a umidităţii solului, 
comunități erbacee (Molinietum medioeuropaeum) sunt un model 
specific de control a variabilității nivelului apelor subterane. Micile 
depresiuni din zona studiată asigur rezervația naturală studiată 
oferă cele mai bune condiții pentru apariția comunităților de stuf. 

Cuvinte-cheie: zone umede, ape subterane, habitat, 
comunități de plante, stuf 
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production in the world along with very high species 

diversity and very high number of living organisms. 

Variable moisture moor grass (Molinietum 
medioeuropaeum) is of particular importance in 

wetland areas. Moor grass was, in fact, quite 
commonly observed across Western Europe until the 

early 20th century (Van der Hoek & Sykora, 2006). 

Habitats such as these are important in the effort to 
preserve biodiversity across lowland areas, river 

valleys, and land depressions (Nowak, 2015). Many 
habitats of this type have been designated protected 

natural areas, which serve as a natural living space 
for valuable species of animals and plants. (Liira et 

al., 2008). Therefore, there exists a need to protect 

moor grass as well as other species from decline 
(Shmeller, 2008); however, this requires an 

assessment of water circulation patterns in the study 
area. 

The definition of wetlands most often used in the 

scientific literature is that found in the Ramsar 
Convention (1971). This definition states that 

wetlands are areas of swamp, mud, or bog. 
Wetlands may include natural and manmade bodies 

of water, some of which may be permanent and 
some may be periodic. Some wetlands may possess 

standing water and some flowing water. Wetlands 

may consist of freshwater, brackish water, or 
saltwater. Even marine water can be classified as a 

wetland area if its depth does not exceed six meters 
at low tide, which is considered to be a boundary 

line between coastal wetlands and the open sea 

(Farrier & Tucker, 2004). Therefore, it appears that 
the most important criteria for classifying wetland 

characteristics are geographic location and local 
hydrology including changes in groundwater levels 

(Szogi & Hunt, 2001). Human impact remains a 

relevant wetland factor (van der Kamp, 1999), which 
affects water circulation patterns and general 

hydrologic change in these areas (Huhta et al., 
2001; Huhta & Rautio, 2005). Both positive and 

negative effects can be observed in wetland areas 
affected by human impact for example, mowing 

meadows or regulation riverbed (Michalska-Hejduk 

& Kopeć, 2012).       
The hypothesis adopted in this paper presumes 

that wetland areas are characterized by seasonally 
high water levels and excessive desiccation. These 

changes have a profound effect on rare plant 

habitats. The primary purpose of the study was to 
determine the effects of changes in groundwater 

levels on selected plant habitats in wetland areas. 
The secondary purpose was to identify any 

additional factors affecting plant habitats including 
relief, temperature, amount of precipitation, and 

human impact. The third purpose was to create a 

detailed hydrographic map of the study area, which 
would also cover water flow directions, recharge 

pathways, and water loss pathways.         

The study area consists of the Piaśnickie Łąki 

nature reserve in northern Poland, close to the Baltic 

Sea. It is also a designated Natura 2000 area. The 
study area stretches across an ancient muddy 

coastal plain situated between a coastal belt of sand 
dunes and a moraine-type postglacial upland. The 

current area of the Natural Reserve "Piaśnickie Łąki" 

is 56.23 hectares and is part of the 1,085 hectare 
Natura 2000 area of the same name. The terrain is 

rather flat with a maximum height of 3.75 m located 
in the southern part of the reserve. For non-forest 

communities growing on the reserve "Piasnica 
Meadows" include fluctuating Molinia meadows 

(Molinion), which is covered admittedly small area of 

the reserve, but among the other non-forest 
communities dominated by surface. Molinia occur in 

depressions located above separating parts of land 
covered by forest. 

 

Materials and methods 

Data 

The research consisted mostly of fieldwork, field 

data analysis, and library research. In terms of field 
measurements, the study lasted from February 2014 

to February 2015.  
A network of measurement sites was established 

in the course of fieldwork. Seven piezometers were 
mounted along two transects – north-south and 

east-west (Fig. 1). The p1, p3, p5, p6 and p7 

piezometer formed the north-south transect running 
through the middle part of the studied nature 

reserve. On the other hand, the p2, p3, and p4 
piezometers formed the east-west transect running 

relatively close to the center of the study area. The 

p1 piezometer was mounted at the southern end of 
the study area in a small hollow in the middle of a 

meadow.     
The p2, p3, and p6 piezometers were mounted in 

a meadow area that experiences high water stages 
from time to time. The p2 piezometer was mounted 

farthest to the west relative to all the other 

piezometers. On the other hand, the p4 piezometer 
was mounted farthest to the east in a meadow-type 

area. The p5 piezometer was mounted on a hill in 
the central part of the nature reserve. The p7 

piezometer was mounted at the northern end of the 

study area. This last piezometer was fixed close to 
the Białogórska Struga River whose waters tend to 

spill over across adjacent areas at high water 
stages. These small floods also reach the p7 

piezometer. 

Maps of isobaths contours made with using 
ArcGIS on the basis of the measurement results. 

Tools ArcGis was possible to obtain an image 
retention groundwater table including barriers in the 

form of rivers and drainage channels 
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The paper identifies two distinct time periods – a 

dry period and a wet period. The two periods were 

identified based on the amount of water present in 
the studied nature reserve. A reference value of 46.7 

cm was used in the study or the mean annual depth 
at which water can be found in the study area. 

Months with a mean exceeding this reference value 

were classified as wet, while months that did not 
exceed this reference value were classified as dry.  

Two sites were established on the Piaśnica River 
designed to measure discharge every quarter (Fig. 

1) using an electromagnetic current meter produced 
by Valeport. The first site is situated at a location 

before the river enters the nature reserve. The 

second site is located only 50 meters ahead of the 
mouth of the river at the Baltic Sea. The study also 

covers water levels in the Piaśnica and Białogórska 
Struga rivers (Fig. 1) via data from three 

measurement sites. River water levels were 

measured using a reference point – the lowest beam 
of a bridge. The distance from a reference point to 

the river channel was also measured. For the bridge 
near the mouth of the river, this value equaled 181 

cm. For the bridge located before the river enters 

the nature reserve, this value equaled 176 cm. The 

latter site was named Piaśnica II. The site on the 
Białogórska Struga River produced a corresponding 

distance value of 149 cm.                  
Operating data for four pumps at the Dębki II 

pump site, situated on the Białogórska Struga Canal 

in the north-western part of the nature reserve, 
were also obtained (Fig. 1). The date were used to 

analyze the effects of the extra water available in 
the nature reserve due to the work of the pump 

sites. The study also covers atmospheric 
precipitation data and air temperature data obtained 

from the Institute of Meteorology and Water 

Management measurement site at Wierzchucino for 
the period November 2012 to February 2015. Snow 

cover data were analyzed in terms of snow layer 
thickness, maximum duration, and number of days 

with snow in the period 2011 – 2015.  

Data on snow cover were obtained from the Łeba 
measurement site, as listed by the Internet portal 

TuTiempo.net. 

Fig. 1: Landsat scenes used in this analysis and their acquisition date
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Results and discussions 

Precipitation in the study area was found to be 

below average (monthly totals) in the study period. 

The annual precipitation total was found to be 546 
mm, compared with a mean of about 600 mm. 

Precipitation varied substantially from month to 
month (Table 1). Moreover, high air temperatures 

during the study period most likely reduced 

groundwater levels below the local average. Low 
groundwater levels were also affected by small 

amounts of snowfall (Piętka, 2009). The number of 
days with snow in the winter of 2014/2015 was 19, 

while the maximum thickness of the snow cover did 
not exceed 15 cm. 

For the winter period of 2012/2013, the 

corresponding values were 61 days and 26 cm (Table 
2). This resulted in low groundwater levels in the 

spring at about 61 cm below ground. Precipitation in 
the summer did not offset low groundwater levels in 

the spring. The amount of precipitation in the 

summer was also not very high at 180 mm for the 
summer period. The mean groundwater level in the 

nature reserve stood at 46.7 cm below ground. The 
maximum groundwater level was 14.6 cm below 

ground. Despite the short duration of the study 
period and the non-average conditions in the study 

area, it was possible to determine seasonal change 

patterns in groundwater levels. 

Table 1: Monthly atmospheric precipitation totals 
recorded at the IMGW measurement site in 
Wierzchucin from February 2014 to February 
2015 and number of operating hours for 
pumps at the Dębki II site for the period 
February 2014 to February 2015 (Office of 
Water Management of Pomorskie Province, 
Gdansk office, Puck branch) 

Table 2: Snow cover data for the period 2011 – 2015 acquired at the Łeba measurement site 
(TuTiempo.net) 

Period 
Maximum snow cover 

thickness (cm) 
Longest uninterrupted period with 

snow cover (days) 
Number of days with 

snow cover 

Winter 2011/2012 19 29 34 

2012 

January 8 7 12 

February 19 22 22 

December 26 19 19 

Winter 2012/2013 26 22 61 

2013 

January 8 19 20 

February 13 22 22 

December 5 2 2 

Winter 2013/2014 6 18 22 

2014 

January 6 15 17 

February 5 3 3 

December 15 6 6 

Winter 2014/2015 15 9 19 

2015 
January 4 2 5 

February 13 8 8 

 

Research has shown that winter months are the 
wettest months of the year in the study area – both 

February and March 2014 and from December 2014 
to February 2015 (Fig. 2). In short, the winter 

months were characterized by the highest levels of 

groundwater. The lowest groundwater levels were 
noted in March at less than 70,7 cm. The dry period  

 

 

in the study area is noted between April and 
November. Low groundwater levels in the summer 

months are partly due to high air temperatures and 
the peak of the vegetation season. Higher 

evapotranspiration produced by the surface of the 

bog along with low amounts of atmospheric 
precipitation help result in a lower groundwater level 

(Hałas et al., 2008).         

Month 
Precipitation 

(mm) 
Number of 

hours of pumps 

February 2014 14 0 

March 18 12 

April 37 51 

May 52 0 

June 37 0 

July 32 0 

August 67 57 

September 46 64 

October 38 85 

November 23 9 

December 107 380 

January 71 622 

February 2015 4 270 

Sum 546 928 
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Fig. 2: Mean monthly groundwater level in seven piezometers in the Piaśnickie Łąki nature reserve from 
February 2014 to February 2015

The dry period lasted eight months in the study 

area, which was much longer than the wet period. 
The large disproportion in the number of dry and wet 

months is the result of low atmospheric precipitation 
totals as well as high mean and maximum air 

temperatures over the study period (Fig. 3).  
Hałas et al. (2008) studied the effects of 

meteorological conditions on the fluctuation of 

groundwater levels and confirmed that maximum air 
temperature as well as mean daily temperature 

constitute key factors affecting groundwater levels. 
At low levels of relative air humidity, high air 

temperatures prompt accelerated evaporation of 

groundwater and water found on plants, which 
further leads to decreased groundwater levels.   

 

Fig. 3:  Mean monthly air temperature and mean 
monthly atmospheric precipitation measured in 
the site at Wierzchucino from February 2014 to 
February 2015 (Source data: TuTiempo.net) 

The highest groundwater levels measured by 

piezometer p1 (southernmost piezometer) were 
noted in February 2014 and January 2015 (Fig. 4). 

No water was found in piezometer p1 in June, 

August, and November. At the same time, 
piezometer p1 was characterized by the least 

amount of fluctuation in groundwater levels. 
Piezometer p2 was mounted along the east-west 

transect, and was characterized by high water levels 
in the winter months. In February 2014 and January 

2015, water levels exceeded the terrain level (Fig. 

4). This was due to the presence of excess water on 
the surface of the area around piezometer p2. The 

presence of ice in January around piezometer p2 
also contributed to this excessively high water level. 

The lowest water level for this piezometer 

occurred in April when it was found to be dry. A lack 
of water was also observed in June, August, and 

November. Other piezometers in the same line as p2 
were piezometers p3 (west) and p4 (east). The 

highest water levels in p3 and p4 were noted in 

December. In p3 the water level was at ground level 
at the time, while in p4 the water level was only 3 

cm below ground level. The lowest water level in p3 
was noted in November at 86 cm below ground. 

Piezometer p3 was characterized by the largest 
changes in water levels relative to all remaining 

measurement sites (Fig. 4).      

In p4 the lowest water levels were noted in June 
and August. Piezometer p5 was fixed atop a hill. Its 

lowest water levels occurred in October and 
November (no water). Its highest water level was 

recorded in January. Piezometer p6 was mounted in 

a hollow along the north-south transect between p5 
and p7.  
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Its lowest water level occurred in November (Fig. 

4), with no water at all. The same zero water level 

was noted from the previous June until October. On 
the other hand, the highest water level at 

piezometer p6 was noted in February 2014 (13 cm 
above ground level). Piezometer p7 was mounted in 

the northern part of the nature reserve at a site 

where the Białogórska Struga River broadens its 

channel. The highest water level at this site was 
noted in January at 7 cm above ground level. The 

lowest water level occurred in June (Fig. 4).          

  

  Fig. 4. Mean annual groundwater levels in the study area 

 

Discharge was measured in the Piaśnica River in 
order to better understand the local hydrology in the 

study area. The highest readings were obtained in 
October (Table 3).  

Table 3: Discharge in the Piaśnica River at selected 
gauging sites 

 

This was due to high precipitation totals in 
September and October. Two other readings 

produced quite similar values at both gauging sites. 

This was also due to atmospheric precipitation totals 
for the analyzed months. Another important pattern 

was also observed – discharge at Site 1 (river 
mouth) was higher for every month relative to 

discharge at Site 2. This was due to the influx of 
river water from a left-bank tributary – the 

Białogórska Struga River – upstream of Site 1.  

It is likely that the quantity of water transported 
by the Piaśnica River may affect groundwater levels 

in the eastern part of the nature reserve. The river 
may serve as a drainage outlet for this part of the 

study area.         

Surface water levels were found to be the 
highest at the Białogórska Struga River site. A 

minimum reading of 34 cm was noted in June (Table 
4). The highest level was noted at 84 cm in 

November. The highest water levels at the two 
remaining gauging sites on the Piaśnica River were 

noted in November (no. 1) at 38 cm and December 

(no. 2) at 7 cm.   
The pump operation times, suggest that the 

wettest months were from December 2014 to 
February 2015. Fewer operating hours were noted 

from August to October 2014. Pump operations did 

not occur at all in February 2014 and from May to 
July 2014. This may be explained via low 

precipitation totals at the time. The largest number 
of pump hours were noted in January 2015, which 

was almost double that for the second wettest 

month or the month of December 2014. The months 
with the largest number of pump hours or December 

2014 and January 2015 were also months with the 
highest atmospheric precipitation, which helps 
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explain the increased drainage rate for the local 

polder. At the same time, water levels in 

piezometers were also the highest during these 
months. This also suggests that water pumped out 

by the Dębki II pumps recharges groundwater 
aquifers in the studied nature reserve.      

Research in the study area has shown that 

groundwater level isobaths, in most cases, follow an 

east-west pattern. There were three exceptions – 
February 2014, April 2015, and November 2015 (Fig. 

5).  

Table 4: Water levels (cm) at gauging sites on the Piaśnica and Białogórska Struga rivers in the study 
period. 

The most shallow groundwater was noted at the 

northern fringe of the nature reserve at piezometer 
p7. The height of the groundwater table decreases 

gradually in the southern direction in the studied 

nature reserve. The deepest groundwater was found 

at piezometer p1. It is also possible that river water 
from the Piaśnica is entering the area of the nature 

reserve and recharging groundwater aquifers.          

             

Fig. 5: Groundwater level isobaths in the month 1-most humid (December) and 2 driest (November) 

 

The western boundary of the nature reserve 
consists of a levee, while its southern edge is formed 

by a canal. A drainage system prevents water 

exchange within the nature reserve. It is possible to 
confirm this via the lowest water levels near the 

eastern boundary of the reserve and higher water 
levels near the western boundary. This pattern may 

be explained by unique local terrain characteristics.  

The western boundary runs along a levee, which 
facilitates water collection in a depression that used 

to be a channel of the Piaśnica River. This is most 

likely further facilitated by the frozen soil in the 
wintertime. The eastern boundary of the reserve is 

formed by the Piaśnica River, which serves as an 
excellent drainage base for groundwater. High 

groundwater levels were detected for the longest 
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period of time in the northern part of the nature 

reserve as well as near watercourses and hollows 

and depressions, which in addition served as 

habitats for environmentally valuable vegetation.  

Discussion  
According to Sharitz (2003), changes in 

groundwater levels are now the major cause of 
environmental change in wetland areas. Water levels 

may change seasonally or in the long term from 

complete inundation to full drought, which is why 
wetland habitats need to adapt to hydrologic 

conditions that often change in unpredictable ways. 
In addition, the groundwater supply and changes 

therein occurring across geographic space and over 
time play a key role in the very existence of 

wetlands. Furthermore, Piniewski et al. (2012) 

believe that increasing demand for groundwater is 
the main threat to water and mud ecosystems 

today. Degradation of plant habitats occurs due to 
the gradual lowering of groundwater tables. High 

fluctuations in the groundwater supply in the study 

area illustrate the significance of water in the life 
and decline of selected plants.  

Many bogs that appear to remain untouched by 
drainage and agriculture experience an array of 

dispersed side effects associated with changes in the 
natural environment caused by human impact. This 

includes atmospheric deposition of nitrogen 

(Kleinebecker et al., 2010).  
According to Kleinebecker et al. (2008), species 

diversity in bog areas exhibits a strong linear 
correlation with peat chemistry. A general regression 

model in this case is produced mainly by three 

environmental variables that explain a total of 76% 
of variance. The three variables are changes in 

groundwater levels, nitrogen content, and dissolved 
calcium content. What is important is that the most 

fundamental factor driving change in plant habitats 

is always water and more specifically changes in its 
supply. This is why every change in water supply 

and the changes in water supply pathways in 
wetland areas affect the lifecycle of wetland plants. 

Peat deposit drainage is believed to be the most 
important driver of change in swampy habitats.             

The existence of wetlands and the species 

composition of the plants found therein are closely 
linked with water resources and water circulation 

patterns. Hence, it is vital to identify and reconstruct 
the water balance in a study area. This makes it 

possible to analyze changes in the natural 

environment of wetland areas (Leider et al., 2013). 
However, excess human impact has dramatically 

reduced the surface area of wetland areas 
throughout the world, which has in effect perturbed 

water circulation patterns on a local, regional, and 
global scale (Rijsberman, 2006). This is often due to 

man’s desire to use wetland areas for agricultural 

purposes (Muller et al., 2013). Main environmental 
problems in wetland areas include excessive drying 

as well as eutrophication and acidification. 

Environmental impacts include both positive and 

negative effects of renaturalization efforts (Lamers 
et al., 2002). 

This finding is also confirmed by Frieswyck and 
Zedler (2007) who believe that the most important 

change agent in wetland areas is the groundwater 

supply. This results from the fact that water is an 
integral part of the structure and functioning of 

wetland areas, which also results in a strong 
relationship between plant life and changes in water 

levels. Another factor that plays a key role is the 
introduction of invasive species that stabilize the 

water level. Given that the stabilization of the water 

level yields a change in the established vegetation 
cycle, the above researchers wonder if similar 

changes will occur if the water level is not stabilized. 
In their study, Frieswyck and Zedler (2007) used 

historical aerial photographs of three wetlands in the 

vicinity of Lake Michigan in the United States to 
show that invasive species prompted the elimination 

of wetland meadow habitats, which the researchers 
explained in terms of a significant decrease in the 

local water supply. In addition, wetlands 
characterized by standing water are threatened by 

the expansion of reed communities.        

Papastergiadou et al. (2008) studied wetlands 
around Lake Cheimaditida in northern Greece and 

discovered that the surface area covered by reed 
increased 19% over a period of 50 years. On the 

other hand, the surface area of open waters and 

open bogs decreased 99.5%. Certain features that 
impede the accurate identification of changes in 

water levels are caused by local topography or 
properties of sediments (Hudona et al., 2006). 

According to Boudreau and Rouse (1995), local 

characteristics of various types of wetlands including 
parent material, hydrographic conditions, and biotic 

properties help determine the water balance for 
different types of study areas. 

The identification of water circulation patterns 
helps in the drawing of conclusions on the most 

optimal environmental conditions for valuable 

species found in a given study area. In addition, it is 
important to perform long-term observations of 

many different bodies of water in order to capture 
the nuances associated with the unique nature of 

each study site. Reference papers include works on 

bodies of water in the Netherlands, where 
researchers attempted to understand how periodic 

drying and variable water supply pathways can 
affect the deposition of nutrients across variable-

moisture meadows. Certain types of meadow, such 
as Molinietum medioeuropaeum, need nutrient-poor 
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soils to thrive (Willems, 1983; Van der Hoek & 

Sykora, 2006). 

The quantity of nitrogen and phosphorus ions 
may be also regulated by water recharge in wetland 

areas. Groundwater recharge yields fewer nutrients 
than does surface recharge. In certain situations, 

this may change. One such situation is when dead 

plant remnants litter the meadow surface and 
eventually transform into layers of peat. This is why 

mowing is deemed to be such an important way to 
maintain variable-moisture moor grass habitats, as it 

removes excess vegetation (Van der Hoek & Sykora, 
2006; Ilmarinen et al., 2009). Mowing was used as a 

research step in this study, and it was a first step 

designed to help protect variable-moisture meadow 
communities. The work was done in 2014 and 2015 

in select areas using a mowing schedule. Areas were 
selected for mowing based on the type of vegetation 

present. Most of the mowed areas were covered 

with variable-moisture meadow. Some meadows 
were mowed both in 2014 and 2015. The total 

mowed area was 9.98 ha in 2014 and 10.95 ha in 
2015.               

Researchers from various areas of inquiry agree 
that human impact is a main factor in the 

preservation of biodiversity and the loss of habitats. 

Certain steps are necessary to provide an 
environment where variable-moisture moor grass 

can function. These include fertilization to some 
extent, extensive animal grazing, and the mowing of 

meadows (Huhta et al., 2001; Huhta, Rautio, 2005; 

Van der Hoek, Sykora, 2006; Zelnik, Čarni, 2008). 
However, the effects of human impact can also be 

negative, taking the form of drainage, irrigation, 
river regulation, fires, and increases in soil chemicals 

content in adjacent areas (Willems, 1983).  

Research on decreases in biodiversity has been 
performed on a variety of habitats in France, 

Germany, the Netherlands, Belgium, the Czech 
Republic, Estonia, and Switzerland. These particular 

studies were performed as part of the European 
Union program GREEN VEINS (Liira et al., 2008).        

Research has shown that intensive agriculture 

and mechanized agriculture do not help in the 
preservation of protected plant habitats. Another 

study on this subject was performed in the 
Netherlands. The study focused on the effects of 

agriculture, animal grazing, and mowing on the 

preservation and decline of plant habitats in calcium-
rich soils. Variable-moisture moor grass habitats are 

most commonly found in north-western Europe, and 
especially in southern England.  

Research has shown that mowed areas and areas 
subject to grazing are characterized by the presence 

of more plant species protected by environmental 

law. In effect, one group of species does not 
dominate other groups of species in these 

geographic areas (Willems, 1983). 

Conclusion 

The data collected as part of this study do show 

that fluctuations in groundwater levels can be 

detected in the study area, which is a precondition 
for the proper functioning of plant habitats such as 

those of Molinion medioeuropaeum.  
The lowest water levels were detected in June in 

the middle part of the studied nature reserve (north-

south transect). Water levels were found to increase 
in the direction of the Piaśnica River, which serves 

as a boundary line for the reserve, and it is also the 
largest watercourse in the study area. In addition, 

higher water levels were detected in the 
northernmost part of the studied nature reserve.     

June was characterized by low atmospheric 

precipitation totals (37 mm) and high air 
temperatures. This caused rapid plant growth and 

increased evapotranspiration from the land in the 
study area, which in turn led to a decline in the 

groundwater level. Peak groundwater levels were 

noted in December and lasted until the end of the 
study period. The reason for this was the highest 

precipitation of the study period (107 mm). February 
of 2014 was the month with the highest amounts of 

precipitation. Hydro-isobaths for February follow a 
north-south pattern, unlike that for all other months, 

where the set pattern is east-west. The height of the 

groundwater table decreases gradually towards the 
southern part of the studied nature reserve.           

The necessary precondition for the proper 
functioning of variable-moisture moor grass 

meadows (Molinietum medioeuropaeum) is a proper 

pattern of change in groundwater levels. Hollows 
and depressions are excellent places for moor grass 

to thrive. Protective measures such as systematic 
mowing of meadows as well as not regulating 

watercourses in the near vicinity may be pursued to 

help moor grass meadows thrive.  
These measures would help these areas flood 

seasonally – an important part of moor grass 
ecology. On the other hand, human impact is also a 

key factor in the decline of moor grass meadows. 
Drainage practices as well as the drying of wetlands 

yield forced vertical water movement in these areas. 

In summary, it may be argued that human impact in 
wetland areas has altered change patterns in 

groundwater levels.    
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Introduction 

The surface water pollution by nutrients still 

remains an important problem, which requires 
further scientific research on improving methods of 

the water management in river basins. As a result of 

excessive loads of nitrogen and phosphorus 
compounds into the water ecosystems the balance 

of the aquatic organism’s development is disturbed. 
This leads to their excessive production, which is 

known as eutrophication (Dodds, 2006). Despite the 

significant long-term efforts of many countries 
eutrophication remains to be the challenge, and 

many water bodies are still at risk of not achieving a 
"good" ecological status (ETC, 2012). 

The main factors causing the inflow of nutrients 
into water bodies are wastewater discharges of 

municipal, industrial, and agricultural enterprises, 

damming of the river flow, and uncontrolled use of 
fertilizers. 

The European Union established the following 
key legislation to minimize eutrophication: the Water 

Framework Directive which requires the 

development of integrated watershed management 
plans based on the evaluation of their pollution, the 

Nitrate Directive which regulates the flow of  

 
nutrients from agricultural sources and the Directive 

concerning urban waste water treatment which 
introduces mandatory wastewater treatment for 

settlements with a population equivalent of more 

than 2,000 inhabitants. By signing the Association 
Agreement with the EU in 2014, Ukraine also made 

commitment for the implementation of the above 
directives. The directives are since then being 

actively implemented. Nutrients sources consist of 

municipal and industrial wastewaters (the point 
sources) and, water flow formed within the 

catchment area (the non-point or diffusion sources). 
Reduction of pollution from the point sources is 

carried out by the inventory of discharges and 
improvement of waste water treatment methods. 

Evaluation of pollution from the non-point sources is 

a more complex task which solved mainly by 
modeling. Sequential commissioning of sewage 

treatment plants in the settlements with population 
over 2000 led to a significant reduction of the 

pressure on aquatic ecosystems in most EU 

countries.  
However, the water pollution by nutrients is still 

high. This is associated with very little progress in the 
control of pollution from the non-point sources. As 

indicated by the European Environmental Agency 
(EEA, 2015), food consumption will demand even 
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Abstract 

For the first time in Ukraine, a process-based watershed model 
SWAT was applied for the analysis of a surface water body 
contamination by nitrogen and phosphorus compounds. The model 
was applied in a small Holovesnya River Catchment (area 30.4 
km2) located in the forest zone of Ukraine on the territory of the 
Desna water-balance station. The model run was in daily step for 
years 1985−1988, 2007, 2009, 2010, 2012. The calibration and 
validation within SWAT-CUP showed good results for streamflow 
(NS, R2 > 0.6, PBIAS < 4%), acceptable for nitrogen and 
phosphorus loads (NS > 0.6, RSR < 0.6, PBIAS < 43%). 
Streamflow and removal of nitrogen and phosphorus mineral 
compounds were to estimate the dependence of nutrient wash-off 
on the amount and practice of fertilizing were evaluated to provide 
recommendations for agricultural management. Increase of the 
amount of fertilizer results in the reduction of its efficiency. Divided 
application of fertilizer leads to the nitrate wash-off reduction by 
66%. 

Keywords: nitrogen, phosphorus, SWAT, fertilizer, 
eutrophication 

Rezumat. Aplicarea modelului SWAT pentru simularea 
emisiilor de nutrienți într-un bazin hidrografic agricol 
din Ucraina 

Pentru prima dată în Ucraina, o modelare SWAT a fost aplicată 
într-un bazin hidrografic pentru analiza contaminării unui corp de 
apă de suprafață, cu compuși cu azot și fosfor. Model a fost 
aplicat într-un bazin hidrografic mic, Holovesnya (suprafaţa de 
30,4 km2), situat în zona forestieră a Ucrainei, in teritoriul stației 
de pentru studiul bilanţului apei „Desna”. Modelul a rulat, la pas 
de timp de o zi pentru anii 1985-1988, 2007, 2009, 2010, 2012. 
Calibrarea și validarea în cadrul SWAT-CUP, au arătat rezultate 
bune pentru râuri (NS, R2> 0,6, PBIAS <4%), acceptabile pentru 
azot și fosfor (NS> 0,6, RSR <0,6, PBIAS <43%). Curgerea şi 
evacuarea compușilor minerali cu azot și fosfor au estimat 
dependența de diluția nutrienților, iar cantitatea și practica 
fertilizării au fost evaluate pentru a oferi recomandări 
managementul agricol. 
Creșterea cantității de îngrășăminte determină reducerea 
eficienței sale. Utilizarea separată a fertilizatorilor conduce la 
reducerea cu 66% a îndepărtării nitraților.  

Cuvinte-cheie: azot, fosfor, SWAT, îngrășăminte, eutrofizare 
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greater intensification of the agricultural production, 

which will result in the increased use of fertilizers. At 

present, 46% of the nitrogen compounds and 28% of 
the phosphorus compounds in the Danube river basin 

come from agricultural production (ICPDR, 2015).  
Ukraine is an agricultural country. The 

agricultural sector is among the leading sectors in 

the economy of the country and arable lands cover 
about 70% of the territory. This is an important 

factor contributing to a significant impact on surface 
and ground waters. At the same time, the data to 

carry out an analysis of the national river systems is 
insufficient. The state system of monitoring of 

surface water bodies is outdated, has an inadequate 

spatial coverage and an insufficient sampling 
frequency of water quality. Many potential areas of 

contamination are not investigated at all. In this 
regard, Ukraine faced an urgent need for the 

development or implementation of existing 

instruments to assess the input of nutrients from 
diffusion sources.  

Mathematical modeling is commonly used 
worldwide to solve this task. The number of models 

based on different principles has already reached 
more than seven dozens (EPA, 2005). Three models 

are commonly used in Europe: the conceptual 

MONERIS and GREEN models and the, process-based 
SWAT model. Comparative analysis of the approaches 

used by different models showed that the results do 
not significantly differ (Malago et al., 2015). 

The analysis of publications showed that the 

SWAT is worldwide the most frequently used the 
tool for modeling of the nutrient pollution (Wellen et 

al., 2015). The inputs required by the model are 
available also in Ukraine from the Ukrainian national 

monitoring system. For these reasons, we have 

decided to test model performance in Ukraine.  

The objectives of this work were to apply the 

model in simulation of streamflow, nitrogen, and 

phosphorus concentrations in runoff from a small 
catchment and elaborate recommendations for 

fertilizers use. 

Materials and methods 

Study area 

The Holovesnya River Catchment with area of 
30.4 km2 is situated in the Northern Ukraine on the 

south-western spurs of the Central Russian Upland. 

The surface area has an undulating terrain; the 
elevation varies between 69–199 m a.s.l. (Fig. 1, A).   

The river has a length of 6.3 km and a mean 
slope around 0.3%. The average annual 

precipitation is relatively high (670 mm) for the 
north-east part of Ukraine. The annual runoff 

distribution is characterized by a sharp spring 

maximum which represents 20 to 40% of the total 
annual runoff, and summer-autumn and winter low 

flows, which are often interrupted by runoff events 
caused by rainfalls. 

 The catchment is located in a mixed forest zone. 

About 48% of its area is cultivated while the rest is 
covered by the forest (35%) with a dominance of 

oak and pine, meadows (13%), orchard (2%), water 
(1%), buildings (0.7%) and roads (0.2%) (Fig. 1, 

B). Every year over 50% of cultivated lands was 
accounted for winter wheat; the rest was accounted 

for barley, oats, and corn (CGO, 1983-2013).  

There are three types of soils according to the 
former USSR 1977 (Egorov et al., 1977) and FAO 

(FAO, 1998) classification there: the Dark-grey 
forest soil (Haplic Greyzems) (54.2%), the Grey 

forest soil (Haplic Greyzems) (40.2%), and 

Chernozems podzolized soil (Luvic Phaeozems) 
(5.6%) (Fig. 1, C) (SSUGCC, 2016).  

 

Fig. 1: Topography (m a.s.l.) (А), land cover (B), and soils of the Holovesnya River Catchment (C) Source 
data: CIGAR, Google Maps, SSUGCC
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Data set 

The U-notch water level recorder is installed at 
catchment outlet. Precipitation (6 points), air 

temperature, humidity, wind speed and, solar 

radiation are measured in the catchment since 1956, 
but there are breaks in the data series (CGO, 1983-

2013). Samples for water chemistry were collected 
9–16 times per year in period 1985-1989 and 4 

times per year in period 2007-2012. 

The digital maps with resolution 90 m are used 
for the work (CGIAR, 2013). The land use was 

digitized from the Google Map satellite image. Map 
of soil types was taken from the public cadastral 

map of Ukraine (ETC/ICM, 2012). 

 

SWAT model 

SWAT is a process-based, continuous time 

model. It was developed to predict the impact of 
land management practices on the water, sediment, 

and chemical yields in complex catchments with 

varying soils, land use and management conditions 
over long periods of time (Arnold et al., 1998). The 

user has an opportunity to specify agricultural 
management practices including a detailed 

agricultural land planting, tillage, irrigation, 

fertilization, grazing, and harvest procedures (Arnold 
et al., 2011). 

SWAT divides a catchment into Hydrologic 
Response Units (HRUs). HRU is a unique 

combination of slope, soil, and land use. SWAT 
simulates hydrology, a vegetation growth, and 

management practices at the HRU level. Water, 

nutrients, sediment, and other pollutants from each 
HRU are routed through the stream network to the 

catchment outlet. SWAT was first used to simulate 
the nutrients loads in the stream. Then, effect of 

fertilizer application was studied. In this study 

cultivated lands specified as AGRC (Agricultural land 
close-grown crops), crops that are generally drill-

seeded or broadcast, such as wheat, oats, rice, 
barley, and flax. For this land cover SWAT inputs 

plant growth values used for winter wheat (Arnold 

et al., 2011). 
 

Model calibration procedures 

The daily data of streamflow runoff was analyzed 

from 1983 till 2013, except 1992, when the 
observations were missing. The average annual 

values of runoff were characterized by a falling trend 
(Fig. 2, up). On the other hand, the corresponding 

trends for total annual precipitations were not found 

(Fig 2, down).  
The closer look showed that the runoff coefficient 

has a tendency to reduce for the snowmelt-
discharge and the precipitation-discharge relations, 

especially last 7 years. The reason for these changes 

is a topic for another study. But in general the long-

term fluctuations in the water flow are a widely 

known phenomenon caused by climatic and/or 
anthropogenic factors (Szolgayova et al., 2014). For 

example, long-term monitoring (20 years) of water 
permeability have shown that multiple passes of the 

truck reduces the permeability by 60%, the use of 

mineral fertilizers in high doses by 7%, irrigation by 
24% with respect to the plowed etalon (Medvedev, 

2012; p. 172). Therefore, two periods “past” (1985–
1988) and “previous” (2007–2012), characterizing 

different hydrological conditions were selected for 

modeling.  

 

 

 

Fig. 2: Average daily runoff values (A up) and total 
annual precipitation (B down) 

 

The SWAT was calibrated against measured 

runoff, nitrate, and phosphorus data using the 

Sequential Uncertainty Fitting (SUFI-2) algorithm 
available in SWAT-CUP (Abbaspour, 2007). The 

model was first calibrated to the runoff data. Then, 
the calibration for nitrate and mineral phosphorus 

compound loads was carried out. The sensitivity 
analysis was used to identify the insensitive 

parameters. Further calibration was carried out only 

with sensitive parameters.  
Hence, 18, 7 and 5 parameters were used for 

runoff, nitrate and phosphorus calibration, 
respectively. The selected parameters and their 

ranges are shown in Table 1. 

 

Efficiency criteria  

The Nash–Sutcliffe coefficient (NS), coefficient of 

determination (R2), percentage of bias (PBIAS) and 
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the RMSE-observation standard deviation ratio (RSR) 

were used to assess the model performance.  

The NS coefficient is a normalized statistical 
value which indicates the relative value of a residual 

variance as compared to a measured value variance 
(Nash and Sutcliffe, 1970).  
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where: oQ and sQ  are observed and simulated values 

respectively, o
Q - mean observed values; NS 

varies from -∞ to 1 (1 indicates a perfect fit for 
observed/calibration values).  

 

Table 1: List of SWAT’s calibration parameters and their ranges and fitted values for “past” (1985–1988) 
and “previous” (2007–2012) period 

Variable Definition 
Min 

value 

Max 

value 

1985–1988 

value 

2007–2012 

value 

ALPHA_BF Base flow alpha factor (1/day) 0 1 0.0029 0.0018 

RCHRG_DP Deep aquifer percolation fraction 0 1 0.4 0.52 

GW_DELAY Groundwater delay (days) 0 500 9 12 

CN2_AGRC SCS runoff curve number for crop-lands 35 98 75.8 66 

CN2_FRST SCS runoff curve number for forest 35 98 59.2 55.7 

CN2_RNGE SCS runoff curve number for grasses 35 98 78.3 62.8 

CNCOEF Plant evapotranspiration CN coefficient 0.5 2 0.82 0.76 

SOL_AWC 
Available water capacity of the soil layer, mm 

H20/mm soil 
0 1 0.13 0.106 

SOL_K_AGRC 
Saturated hydraulic conductivity for crop-lands, 

mm/hr 
0 2000 139 107 

SOL_K_FRST Saturated hydraulic conductivity for forest, mm/hr  0 2000 157 165 

SFTMP Snowfall temperature, °C -5 5 0.43 0.27 

SMTMP Snow melt base temperature, °C -5 5 0.47 0 

SMFMX 
Maximum melt rate for snow during year, mm 

H2O/°C-day 
0 20 2.57 1.27 

SMFMN 
Minimum melt rate for snow during the year, mm 

H2O/°C-day 
0 20 0.64 4.92 

TIMP Snow pack temperature lag factor 0 1 0.63 0.73 

SURLAG Surface runoff lag time 0.05 24 3.5 2 

ESCO Soil evaporation compensation factor 0 1 0.7 0.8 

EPCO Plant uptake compensation factor 0 1 0.35 0.42 

Parameters sensitive to nitrate only 

RCN Concentration of nitrogen in rainfall, mg∙NL-1 0 15 1.3/0.15 0.2 

CDN Denitrification exponential rate coefficient 0 3 2.61 

SDNCO Denitrification threshold water content 0 1 0.995 

NPERCO Nitrogen percolation coefficient 0 1 0.3 

ANION_EXCL 
Fraction of porosity (void space) from which anions 

are excluded 
0.01 1 0.144 

CMN 
Rate factor for humus mineralization of active 

organic nitrogen 
0.001 0.003 0.1 

N_UPDIS Nitrogen uptake distribution parameter 0 100 81 

Parameters sensitive to mineral phosphorus only 

PHOSKD Phosphorus soil partitioning coefficient 100 200 128 

ERORGP Organic P enrichment ratio 0 5 4.24 

SOL_SOLP_AGRC 
Initial labile P concentration in surface soil layer for 

crop-lands, mgP∙kg-1 
0 100 8.5 

SOL_SOLP_FRST 
Initial labile P concentration in surface soil layer for 

forest, mgP ∙kg-1 
0 100 1.1 

P_UPDIS Phosphorus uptake distribution parameter 0 100 72 
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The coefficient of determination is calculated as: 
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where: oQ  and sQ  are observed and simulated values 

respectively. R ranges from 0 to 1, the closer the 
value to 1, the smaller the error is. 

 

Percent bias (PBIAS) shows the mean inclination 
for simulated values is greater or lower than 

observed values (Gupta et al., 2013). PBIAS is 
similar to a percent streamflow volume error (PVE), 

a prediction error (PE), a percent deviation of 

streamflow volume (Dv), which are also used in 
international publications. Positive values indicate 

that simulated variable is underestimated and vice 
versa. The optimal value of PBIAS is 0. It is 

calculated as: 
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where: oQ and sQ  – are observed and simulated values 

respectively. 
 

RMSE-observation standard deviation ratio (RSR) 

labels the ratio of the deviation of simulated values 
against observed values. It is calculated as: 
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where oQ  and sQ  are observed and simulated values, 

respectively; RSR varies from 0 to +∞, the closer 
the value to 0, the smaller the error. 

 

The selection of these criteria is determined by 
their widespread use and therefore by the possibility 

of comparing the results obtained with other 
studies. NS and PBIAS are also recommended by the 

ASCE (American Society of Civil Engineers) (ASCE, 

1993). The general performance ratings for the 
above criteria are shown in Table 2.  

 

   Table 2: General performance ratings for criteria ASCE (1993) and Moriasi et al. (2007) 

Performance rating NS & R2 
PBIAS, % 

(streamflow) 
PBIAS, % 

(nitrogen, phosphorus) 
RMSE 
(RSR) 

Very good 0.75<NS≤1 PBIAS±10 PBIAS±25 0<RSR≤0.5 

Good 0.65<NS≤0.75 ±10≤PBIAS<±15 ±25≤PBIAS<±40 0.5<RSR≤0.6 

Satisfactory 0.5<NS≤0.65 ±15≤PBIAS<±25 ±40≤PBIAS<±70 0.6<RSR≤0.7 

Unsatisfactory NS≤0.5 PBIAS≥±25 PBIAS≥±70 RSR>0.7 
Note: NS = Nash–Sutcliffe coefficient; R2 = coefficient of determination; PBIAS = percentage of bias; RMSE (RSR) = observation 
standard deviation ratio  

 
 

Results and discussions 

Streamflow calibration 

For the “past” period the SWAT model was 

calibrated with daily step for period 1985-1986 (Fig. 
3, A) and validated for 1987-1988 (Fig. 3, B). For the 

“previous” period the calibration was carried out for 
2007 and 2009 (Fig. 3, C), the validation for 2010 

and 2012 (Fig. 3, D). 2008 was excluded because of 

missing a daily minimum and maximum temperature 
during the snowmelt period. The snowmelt modeling 

is very sensitive and a daily average temperature is 
not enough. The ice jam in 2011 contributed 

unpredictable changes to the hydrograph, therefore it 
was also excluded. The calibration parameters 

corresponding to the best iteration are shown in 

Table 1. According to the common performance 
ratings of calibration/validation efficiency (Table 2), 

the calibration showed a good result for both periods. 
The validation results are lower but still satisfactory 

(Table 3). 

The calibration efficiency primarily depends on 
the accuracy of seasonal maximum modeling. In our 

case, it’s a period of a spring flood. At the same 
time, it is the most difficult period for the simulation, 

due to some additional uncertainties associated with 

a snowmelt process: sleet, the ratio of a soil 
freezing, a rain influence on snowmelt. 

Nitrate and mineral phosphorus loads 

Comparison of simulated and measured nitrogen 

and phosphorus loads is shown in Fig. 4. Model 
parameters for nitrogen and phosphorus simulations 
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obtained from the calibration period remained 

constant throughout the whole observation period 

(1983–2012) except for the parameter giving 

nitrogen concentration in precipitations (Table 3). 

   

 

Fig. 3: Daily streamflow (A) calibration (1985-1986) and (B) validation (1987-1988) for the “past” period 
and (C) calibration (2007 and 2009) and (D) validation (2010 and 2012) for the “previous” period

  

   Table 3: Goodness-of-fit criteria for daily 
streamflow calibration/validation 

Criteria 

C V C V 

1985– 
1986 

1987–
1988 

2007, 
2009 

2010, 
2012 

NS 0.86 0.6 0.68 0.6 

R2 0.87 0.6 0.68 0.63 

PBIAS -4 1.5 2.2 0.5 
Note: NS = Nash–Sutcliffe coefficient; R2 = coefficient of 
determination; PBIAS = percentage of bias; C = Calibration; 
V = Validation 

 
Validation of simulated nitrate loads was carried 

out for years 1987 and 1989 (1988 was excluded 
because of the absence of observations during a 

spring flood) as well as for years 2007 and 2009 (Fig.  

5, A). The validation of mineral phosphorus loads was 
carried out for a 1987–1988 period (Fig. 5, B). 

 
Fig. 4: (A) N-NO3

- and (B) mineral P calibration for 
the period from 1985 to 1986 

 

Fig. 5: N-NO3
- validation for years 1987 and 1989 (A) and mineral P validation (B) for the period from 

1987 to 1988 

Results of nitrate and phosphorus simulations 
during calibration and validation periods are shown 

in Table 4. Phosphorus simulation in the validation 
period was lower, but still satisfactory (Table 4). NS 

A B 
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and R2 are more sensitive to high values than RSR. 

Therefore, RSR is included to assess the calibration 

efficiency since NS and R2 overestimate the results 
(NS=0.97) not taking into account differences in the 

field of small values. 
During the year, the first significant input of 

nitrates to the river is observed at a spring flood 

period due to their accumulation in the snow cover 
in winter. The peak value depends on the N-NO3¯ 

concentration in precipitation which is accumulated 
in the snow cover. The nearest meteorological 

station where the observations of this parameter 
were carried out is situated at 60 km east from the 

catchment. The data shows that the concentration 

of N-NO3¯ ranges from 0.1 to 1.5 mg∙L-1 and may 
significantly vary from month to month. That is the 

reason of the significant difference between the 
nitrate removal during the floods in 1985 and 1986. 

It was found through the calibration that the 

average concentration of N-NO3¯ in precipitation is 
1.29 mg∙L-1 in 1985 and 0.16 mg∙L-1 in 1986. In 

1985 crop lands were fertilized by mineral nitrogen 
during planting, the third decade of April.  

 

   Table 4: Goodness-of-fit criteria for nitrates and 
mineral phosphorus calibration/validation 

Criteria 

Nitrates 
Mineral 

Phosphorus 

C V C V 

1985– 
1986 

1987, 
1989 

2007, 
2009 

1985–
1986 

1987–
1988 

NS 0.97 0.69 0.71 0.73 0.6 

RSR 0.15 0.56 0.54 0.52 0.63 

PBIAS 10.2 -29.3 10.4 21 42.5 
Note: NS = Nash–Sutcliffe coefficient; RSR = standard deviation 
ratio; PBIAS = percentage of bias; C = Calibration; V = Validation 
 

 

The exact amount of fertilizers is not known 
therefore a standard recommended value for this 

type of soil - 200kg N-NO3¯ ha-1 is conditionally 

accepted (Marchuk et al., 2010). All the nitrate 
compounds have a high solubility in water and are 

practically not subjected to the sorption. In this 
regard, they are almost entirely washed off by 

precipitation within three months after the 

application of fertilizers. In 1986 nitrogen fertilizers 
were not used. Therefore, the nitrate wash off in 

May to July was low compared to 1985 and caused 
only by flash floods. 

Unlike nitrate, phosphorus compounds have high 

adsorption properties and a low mobility and are 
washed off only during high-runoff events. That is 

why phosphorus fertilizers applied at planting in the 
third decade of April in 1985 are mainly observed in 

the streamflow during the spring flood in 1986. The 
estimated amount of phosphorus fertilization was 

also taken as recommended norm (200kg P·ha-1). 

As opposed to past years, the precipitation has 

smaller influence on nutrients inputs to the rivers for 

two reasons.  
Firstly, the emissions decreased after the Soviet 

Union collapse. Present concentration of N-NO3¯ in 
precipitation rarely exceeds 0.8 mg∙L-1. Secondly, 

the proportion of the precipitation flowing into the 

mainstream with a surface runoff decreased, 
presumably due to higher average temperature 

recent years (e.g., higher evapotranspiration). 
According to the estimates of many studies the main 

cause of nitrate pollution is currently application of 
fertilizers. Therefore, we studied fertilizing more 

detailed through the example of the application of 

nitrate fertilizers on AGRC. 
  

Influence of fertilizer application on nutrient 
loads in river systems 

Figure 6 shows the SWAT model results of AGRC 
fertilization. Sequential increase of the fertilizer 

amount (kg N-NO3¯ ha-1) is not proportionally 
related to an increase in the crop yield. The rate of a 

crop yield increase goes down (curve A) while the 

proportion of non-production losses increases which 
is reflected in the loads of nitrate into the stream 

(curve B). Without the fertilizer application, the 
calculated crop yield would be 0.82 ton ha-1.  

 

 

Fig. 6: Crop yield (A) and N-NO3¯ load (B) 
relationship simulated in SWAT 

 

Fertilization using 100 kg N-NO3¯ ha-1 will result 

in the crop yield increase to 6.75 ton ha-1. 
Accordingly, the crop gain would equal 5.93 ton ha-

1. Further increase of the fertilizer to 200 kg N-NO3¯ 
ha-1 would lead to a crop yield of 8.66 ton ha-1; the 

crop gain will equal 7.84 ton ha-1. Hence, doubling 
the fertilizer amount increases the crop yield only 

1.28 times. Without application of fertilizers the 

loads of nitrate into the stream would amount to 
0.176 kg N-NO3¯ ha-1. If fertilizer amount is 100 kg 

N-NO3¯ ha-1, nitrate wash-off would increase only by 
19%.  However, increase of the fertilizer amount to 

200 kg N-NO3¯ ha-1 would result in the nitrate load 
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gain 73%. This example shows that by reduction of 

fertilizer amount from 200 to 100 kg N-NO3¯ ha-1 it 

is possible to reduce the wash-off of nitrates 
significantly while the crop yield would not 

significantly decrease. This practice may be 
appropriate in the areas vulnerable to nitrate 

pollution. 

Further reduction of nitrate loads can be 

achieved through the practice of a split fertilizer 

application during the first month of the crop 
growth. Consider as an example the split-application 

of environmentally reasonable fertilizer amount of 
100 kg N-NO3¯ ha-1 for 2007 year, which has similar 

hydrological regime with the present conditions. 
Division of the fertilizer amount of 100kg N-NO3¯ ha-

1 into two equal parts reduces the nitrate wash-off 

during the growth period (April–August) by 33% 
(Fig. 7, B). Division of the same amount of fertilizer 

to three and four applications leads to the nitrate 
was-off reductions 52% and 66%, respectively (Fig. 

7, C, and D). Application of the same fertilizer 

amount over a longer period leads to a slight 
reduction of the crop yield and slight increase in the 

nitrate load (Fig. 7, F). 
 

 

Fig. 7: Influence of divided application of the same 
amount of fertilizer on nitrate loads (April-
August) and a crop yields (A – 1 application 
in a month; B – 2 applications; C – 3 
applications; D – 4 applications in a month; F 
– 4 applications in 40 days) 

 

Field experiments in Ukraine of divided nitrogen 

application focused on assessing the economic 
impact (kg crop yield/kgN fertilizer) (Nosko, 2013, p. 

86-87). The positive effect is greater for soils with 

low reserves of mineral nitrogen and for areas with 
high precipitation, compared with the average value 

in Ukraine (e.g., western forest-steppe). The 
influence of divided nitrogen application on fertilizer 

loss or nitrogen loads in the stream wasn’t assessed, 
because it’s difficult to measure in practice and such 

goal wasn’t placed before. 

The choice of the crop also has an influence on 

the nitrate removal. The most positive effect is 

observed in case of winter crops. It is most likely 
due to an earlier development and accordingly a 

longer period of a culture growth (Fig. 8). Analysis 
of other studies in Ukraine shows that, in general, 

the nitrogen consumption for crops ranges: winter 

wheat > spring cereals, potato > corn, sunflower 
(Nosko, 2013, p. 105). 

 

 
Fig. 8: N-NO3¯ load – crop type relationship for 

one year simulated in SWAT 

 

Conclusion 

We have conducted the analysis of nutrient loads 
to the river from the non-point sources in the small 

agricultural Holovesnya catchment by means of 
hydrological process-based SWAT model. 

The model well simulated catchment runoff 

although the simulation in the validation period was 
worse than in the calibration period. Acceptable 

results were achieved also for nitrogen and 
phosphorus loads.  Small number of water quality 

observations during the year hampers a more 
detailed evaluation of model performance.  

The nature of nitrate and phosphorus leaching 

has different characteristics due to the 
physicochemical properties of these compounds. 

Nitrate compounds are washed off during the first 
months after the fertilizer application because of 

their high solubility. Mineral phosphorus compounds 

are well kept in the soil due to the high absorption 
and enter the stream network only during heavy 

rains and especially during spring floods. 
A more detailed analysis of the nitrate fertilizer 

with the help of the SWAT model has shown that 
increase of the amount of fertilizer results in the 

reduction of its efficiency. The rate of a crop yield 

gain reduces but the proportion of the washed off 
fertilizers increases. Divided application of fertilizer 

has a positive effect during the month after planting. 
Winter crops reduce nitrate loads into the streams 

more effectively than other crops because of longer 

period of the growth. 



 
 

SWAT Model Application for Simulating Nutrients Emission from an Agricultural Catchment in Ukraine 

38 forumgeografic.ro 

References 

Abbaspour, K.C. (2007). User manual for SWAT-CUP, SWAT 
calibration and uncertainty analysis programs. Swiss 
Federal Institute of Aquatic Science and Technology, 
Eawag, Duebendorf, Switzerland. 

Arnold, J.G., Kiniry, J.R., Srinivasan, R., Williams, J.R., 
Haney, E.B. & Neitsch, S.L. (2011). Soil and Water 
Assessment Tool Input/output file documentation, 
Version 2009. Water Resources Institute, Texas A&M 
University System, College Station, Texas, USA. 

Arnold, J.G., Srinivasan, R., Muttiah, R.S., & Williams, J.R. 
(1998). Large area hydrologic modeling and assessment 
part I: model development. J. Am. Water Resour. 
Assoc., 34(1), 73–89. 

ASCE. (1993). Criteria for evaluation of watershed models. 
J. Irrigation Drainage Eng., 119(3), 429-442. 

CGIAR - Consultative Group on International Agricultural 
Research. (2013). The CGIAR Consortium for Spatial 
Information. SRTM Digital Elevation Database. Retrieved 
from: http://srtm.csi.cgiar.org 

CGO - Central Geophysical Observatory. (1983-2013). 
Materialy nablyudeniy pridesnyanskoy vodnobalansovoy 
stantsii.  

Council Directive (1991). 91/676/EEC of 12 December 1991 
concerning the protection of waters against pollution 
caused by nitrates from agricultural sources as amended 
by Council Regulation 1882/2003. Official Journal of the 
European Communities L, 375. 

Council Directive 91/271/EEC of 21 May 1991 concerning 
urban waste-water treatment. Available from: 
http://eur-lex.europa.eu/eli/dir/1991/271/oj. 

Council Directive 91/676/EEC of 12 December 1991 
concerning the protection of waters against pollution 

caused by nitrates from agricultural sources. Available 
from: http://data.europa.eu/eli/dir/1991/676/oj.  

Directive 2000/60/EC of the European Parliament and of the 
Council of the 23 October 2000 establishing a 
framework for the Community action in the field of 
water policy. OJ L 327, 22.12.2000. 

Dodds, W. (2006). Eutrophication and trophic state in rivers 
and streams. Limnol Oceanogr, 51, 671–680. 

EEA - European Environment Agency (2015). The European 
environment — state and outlook 2015: synthesis 
report. Copenhagen, Denmark. 

Egorov, V.V., Fridland, V.M., & Ivanova, E.N. (1977). 
Klassifikacija i diagnostika pochv SSSR. Moskva: Kolos. 

EPA - United States Environmental Protection Agency 
(2005). Total Maximum Daily Loads Model Evaluation 
and Research Needs. 600/R-05/149. 

ETC/ICM - European Topic Centre. Inland, Coastal, Marine 

Waters (2012). Ecological and chemical status and 
pressures in European waters: Thematic assessment for 
EEA water 2012 Report. Available from: 
http://icm.eionet.europa.eu/ETC_Reports/EcoChemStat
usPressInEurWaters_201211. 

FAO - Food and Agriculture Organization of the United 
Nations. (1998). World Reference Base for Soil 
Resources. Rome, Italy. 

Google Maps. Retrieved from: 
https://www.google.com.ua/maps/@51.7486675,32.990
0516,9888m/data=!3m1!1e3?hl=ru. 

Gupta, H.V., Sorooshian, S. & Yapo, P.O. (1999). Status of 
automatic calibration for hydrologic models: comparison 

with multilevel expert calibration. Journal of Hydrological 
Engineering, 4(2), 135 – 143. 

ICPDR - International Commission for the Protection of the 
Danube River (2015). The Danube River Basin District 
Management Plan. Available from: 
https://www.icpdr.org/main/management-plans-
danube-river-basin-published. 

Malago, A., Venhor, M., Gericke, A., Vigiak, O., Bouraoui, F., 
Grizzetti, B. & Kovacs, A. (2015). Modelling nutrient 
pollution in the Danube River Basin: a comparative 
study of SWAT, MONERIS and GREEN models. Joint 
Research Centre technical reports, JRC99193. doi: 
10.2788/156278 

Marchuk, I.U., Makarenko, V.M. & Rozstalnyj, V.E. (2010). 
Dobryva ta yix vykorystannya: Dovidnyk. Kyiv: Aristej. 

Medvedev, V.V. (2012). Soil monitoring of the Ukraine. The 
Concept. Results. Tasks. (2-nd reconsidered and added 
edition). Kharkiv: CE “City printing house”. 

Moriasi, D.N., Arnold, J.G., Van Liew, M.W., Bingner, R.L., 
Harmel, R.D. & Veith, T.L. (2007). Model evaluation 
guidelines for systematic quantification of accuracy in 
watershed simulations. Am. Soc. Agric. Biol. Eng., 50 
(3), 885 –900. 

Nash, J.E. & Sutcliffe, J.V. (1970). River flow forecasting 
through conceptual models: Part 1. A discussion of 
principles. J. Hydrol-ogy, 10(3), 282-290.  

Nosko, B.S. (2013). Azotnyj rezhym gruntiv i jogho 
transformacija v aghrosystemakh. Kharkiv: Misjkdruk. 

SSUGCC - The State Service of Ukraine for Geodesy, 
Cartography and Cadaster. (2016). Soil types map. 
Retrieved from: http://map.land.gov.ua/kadastrova-
karta. 

Szolgayova, E., Parajka, J., Blöschl, G. & Bucher, C. (2014). 
Long term variability of the Danube River flow and its 
relation to precipitation and air temperature. Journal of 
Hydrology, 519, 871-880. 
http://dx.doi.org/10.1016/j.jhydrol.2014.07.047. 

Wellen, С., Kamran-Disfani, A.-R. & Arhonditsis, G.B. 
(2015). Evaluation of the current state of distributed 
watershed nutrient water quality modeling. Environ. Sci. 
Technol, 49, 3278−3290. 

 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XV, Supplementary Issue (December 2016), pp. 39-48 (10) 
http://dx.doi.org/10.5775/fg.2016.058.s 

© 2017 Forum geografic. All rights reserved. 39 

 

Introduction 

The evaporation is the process by which water 

changes from a liquid to a gas or vapor, under the 
impact of physical atmosphere processes on the 

surface of open water (Thornthwaite et al., 1939; 

Touchart, 2006; Godard et al., 2004; Cosandey et 
al., 2012).  

Evapotranspiration defines the amount of water 
transferred into the atmosphere by evaporation, 

through the transpiration of plants (biological 
processes of plants by which water is extracted from 

the soil by the roots and guided by stems and leaves 

to the atmosphere) (Allen et al., 1998; Serban et al., 
1998; Jensen, 2010). The evapotranspiration rate 

from a crop reference surface, with specific 
characteristics, is called the actual 

evapotranspiration (Allen et al., 1998). Potential  

 
evapotranspiration refers to the maximum rate of 

evapotranspiration from a large area covered 
completely by vegetation with adequate soil 

moisture (Morton, 1983; Lhomme, 1997). 

The knowledge of evaporation and 
evapotranspiration processes is essential for the 

analysis of climatic changes and hydrological budget. 
These processes vary regionally and seasonally so, 

for a good water management system, it’s very 
important to have a thorough understanding of these 

processes and knowledge about their spatial and 

temporal fluctuation (Papadopoulou et al., 2003). 
International studies presented different methods to 

measure the evaporation using pans (Thornthwaite et 
al., 1939; Penman, 1954; Allen et al., 1998; Xu et al., 

2001) or to estimate this process (Walkusz et al., 

2009; Jhajharia et al., 2006; Dąbrowski, 2007; Al 
Domany et al., 2013).  
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Abstract 

Evaporation and evapotranspiration are two of the most 
important elements for achieving a comprehensive study of 
water balance components and of conceptual hydrological 
models, lately becoming parameters of great interest in research 
on climate change. This study can be used for determining of 
evaporation and evapotranspiration rates at micro-scale using 
indirect methods. The importance of this study consists in 
identifying the regions exposed to significant water release in 
terms of water evaporation and evapotranspiration, in order to 
improve the practices and methods of water reserve 
management nationwide. In Romania, the spatial distribution of 
the analyzed variables is, for the most part, determined by the 
relief, which constitutes the main factor that dictates the 
particularities of both the local and regional climate. Among the 
morphometric characteristics of the relief, altitude plays the most 
important role in the spatial conditioning of the analyzed 
parameters. The spatial distribution of evaporation and 
evapotranspiration, at annual, seasonal and monthly levels in 
Romania was made through the spatial interpolation method 
(Digital Terrain Model with a resolution of 30 m). The results of 
the analysis revealed the following aspects: on a multi-year 
period, evaporation in Romania ranges from 300 mm - 800 
mm/year, with the highest values recorded in the south east of 
the country and the Danube Floodplain (over 1,000 mm/year), 
western part (over 800 mm/year) and the lowest values 
registered in the mountain areas (less than 400 mm/year). The 
values of evapotranspiration vary between 300 mm/year and 625 
mm/year, with a maximum of over 650 m/year in the plains and 
a minimum of less than 300 mm/year in the mountains. 

Keywords: evaporation in Romania, interpolation, spatial and 
temporal distribution 

Rezumat. Evaporaţia şi evapotranspiraţia în 
România 

Evaporaţia şi evapotranspiraţia constituie unele dintre cele mai 
importante elemente pentru realizarea unui studiu complet al 
bilanţului hidric, componente ale modelelor hidrologice conceptuale, 
devenind în ultimul timp şi parametri de interes major în studiile 
privind schimbările climatice. Prezentul studiu poate fi valorificat în 
determinarea pe cale indirectă a ratelor privind evaporaţia şi 
evapotranspiraţia la microscară. Importanţa acestui studiu constă în 
identificarea regiunilor expuse la cedări semnificative de apă prin 
prisma evaporaţiei şi a evapotranspiraţiei, în vederea îmbunătăţirii 
practicilor şi metodelor de gestionare a rezervei de apă, la nivel 
naţional. În România, distribuţia spaţială a parametrilor analizaţi este, 
în cea mai mare parte, determinată de relief care constituie 
principalul factor ce determină particularităţile climatului local şi 
regional. Dintre caracteristicile morfometrice ale reliefului, altitudinea 
are rolul cel mai important în condiţionarea spaţială a parametrilor 
analizaţi. Distribuţia spaţială a evaporaţiei şi a evapotranspiraţiei, la 
nivel anual, sezonier şi lunar, pe teritoriul Romaniei s-a făcut prin 
metoda de interpolare (Modelul Digital al Terenului cu rezoluţie de 30 
m). Rezultatele analizei au evidenţiat următoarele aspecte: la nivel 
multianual evaporaţia pe teritoriul României variază între 300 mm/an 
şi 800 mm/an, cu cele mai mari valori în partea de sud est a ţării şi în 
lunca Dunării (cu valori > 1000 mm/an), în partea de vest şi în 
extremitatea sud vestică a ţării valorile ajung şi la peste 800 mm/an, 
iar cele mai reduse valori se înregistrează în zonele montane, sub 
400 mm/an. Valorile evapotranspiraţiei sunt cuprinse între 300 
mm/an şi 625 mm/an, cu maxime > 650 în zonele de câmpie şi cu 
minime (sub 300 mm/an) în zona montană. 

Cuvinte-cheie: evaporaţia în România, interpolare, distribuţia 
spaţială şi temporală 
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In 1954 in Romania, based on studies and 

previous research from other countries, the 

organization of evaporation network was started. 
First of all, the evaporimeter raft type GGI-3000 

were installed at the surface of some romanian lakes 
(i.e. Căldărușani, Bistreț, Amara lakes). Nowadays, 

Romania has a dense evaporimeter network based 

on 54 evaporimeter stations installed at the surface 
of lakes and soil. Previous studies in Romania 

developed the aspects regarding the methodology of 
measuring the evaporation (Stoenescu et al., 1962; 

Tibacu, 1973; Badescu, 1974) and also described a 
series of equations including: Vikulina, Horton, 

Dalton (Serban, 198) Davydov and Zaikov 

(Stoenescu et al., 1962). Recent papers investigated 
the links between the evaporation and others 

climatic parameters: air temperature, relative 
humidity, sunshine duration and wind (Păltineanu et. 

al, 2012; Croitoru et al., 2013; Neculau et al., 2014; 

Stan et al., 2014, 2015). 
The objectives of this paper are:  

(i) to analyze the spatial regionalization of 

evaporation in Romania;  

(ii) to calculate and regionalize the 
evapotranspiration by using indirect methods.  

The importance of this study consists in 
identifying the regions exposed to significant water 

release in terms of evaporation and 

evapotranspiration, in order to improve the practices 
and methods of water resource and demand 

management nationwide. 
 

Materials and methods 

The present study was performed based on 
direct data obtained from observations and 

measurements carried out on evaporation from the 

water surface at 54 evapometric stations (Fig.1) 
distributed uniformly across the country, with a 

running time of over 35 years.  

 

  Fig. 1:  Spatial distribution of analyzed evapometric stations 

 

In Romania, there are three types of evapometric 
stations: ones are located in the central part of the 

lakes (known like evaporimeter raft), others situated 

on the ground, near the aquatic bodies and the last 
ones are used to developed experimental studies. All 

these stations are equipped with evaporimeter type 
GGI-3000, a cylindrical tank with an area of 3000 

cm2 filled with water. 

Data series analysed in our study involve the 
following variables: water surface evaporation, 
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precipitation, air temperature, relative air humidity, 

sunshine duration and wind speed.  

These data were analyzed at monthly intervals. 
In order to identify the most important variables 

which influence the regionalization of evaporation 
and evapotranspiration, was used the simple linear 

regression method. Taking into account the strong 

correlation between evaporation and climatic 
parameters we chose the indirect method to 

estimate the evapotranspiration. 
Theories of the climate variables influence on 

evaporation go back at least to the 18th century, 
when Dalton (1802) noted (equation 1): 

 
E =f(ū)(eo – ea) (1) 

 
where: E is the rate of evaporation expressed as rate per 

unit time, ū is mean wind speed, eo is the 
saturation vapor pressure at the temperature of 
the water surface and ea is the vapor pressure of 
the air (Jensen, 2010). 

 

In our study evapotranspiration, parameter that 

is measure at just three experimental evapometric 
stations by using lysimeters type G1 (area of 1m2), 

was determined on the basis of the evaporation 
from the water’s surface, in combination with a 

transmission coefficient (Kp) of the evapometric 
basin (equations 2 and 3). 

 
ETP =Kp * E   (2) 

 
where: ETP is the rate of evapotranspiration per unit time, 

Kp is the pan coefficient and the E is the rate of 
measured evaporation (Snyder et al., 2005). 

 

Kp =0.482 - 0.024ln(F) - 0.000376U + 0.0045H (3) 

 
where: U is the wind speed at 2 m above the ground; F is 

the distance field/area cultivated or uncultivated 
land around the basin to a barrier against the 
wind (m), it may take from 1 to 1000 m and H is 
the relative humidity (%) (Snyder et al., 2005). 

 

The validation of evapotranspiration, resulted 
from the product of measured evaporation and the 

evapometric basin coefficient (equation 2), was 
made based on direct data obtained from the 

experimental evapometric stations like Căldăruşani 

station (Fig. 2). 
The transmission coefficient of the evapometric 

basin was calculated through the Snyder method 
that takes into consideration the values of relative 

air humidity and wind speed (equation 3). 

For the spatial distribution of evaporation and 
evapotranspiration in Romania, in addition to the use 

of exploratory analysis of the data set with known 
values, an important step was the identification, 

selection and quantification of the existing statistical 

relationships between the independent variables, 

compared to the dependent variable.  

Consequently, on the basis of data from 54 
evapometric stations, we were able to establish a 

relationship between evaporation and the main 
climate and morphometric parameters like air 

temperature, wind speed, air humidity, and 

elevation.  
 

 

Fig. 2:  Relationship between monthly measured 
evapotranspiration (ETR) and 
evapotranspiration obtained using the 
Snyder method at the Căldăruşani 
evapometric station 

 
The dependence between evaporation and the 

climate parameters was highlighted by the simple 
linear regression method. As such, we drew 
correlations between evaporation and a single 

climate parameter – air temperature, wind speed 
and relative humidity (Fig. 3). 

For these individual relationships, the best 

method turned out to be linear regression.  
Establishing the correlations between evaporation 

and climate parameters illustrated the following 
aspects: air temperature, sunshine duration and 

wind speed have a positive influence on evaporation 
(direct relationship); between evaporation and 

relative air humidity exists an inverse relationship, 

with a weaker degree of correlation R2 = 0.80).  
Among the morphometric characteristics, altitude 

plays the most significant role in the spatial 
determination of evaporation. The interdependence 

between evaporation and altitude (Fig. 4) highlights 

a reduction of evaporation as altitude increases, 
which is more intense between 0 and 500 meters. 

The equation that results from the polynomial 
regression of evaporation and altitude (Fig. 4) 

formed the basis of the regionalization of 
evaporation, by using the Spatial Analyst - Raster 

Calculator GIS extension. Therefore, The Altimeter 

Numeric Model represents a predictor for the 
regionalization of the two parameters.  
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Fig. 3: Correlation between mean annual evaporation and relevant climate parameters at the Alexandria 
evapometric station 

 

Fig. 4:  Correlation between average multi-annual 
evaporation and the altitude of evapometric 
stations 

 Creating the evaporation and evapotranspiration 
maps at annual, seasonal and monthly levels, in 

view of performing an analysis of spatial distribution, 
was achieved by interpolating evaporation and 

evapotranspiration parameters with the altitude (The 
Digital Terrain Model, with a 30-meter resolution).  

  

Results and discussions 

The results achieved, using the altitude as 

predictor variable, are the spatial distribution of 

evaporation and evapotranspiration in Romania for 
the period 1961 – 2013.   

In this case was create the map of the spatial 

distribution of annual evaporation in Romania 

for the 1961 – 2013 interval. From this map, it was 
possible to see that evaporation oscillates between 

300 and 800 mm/year (Fig. 5). 
The highest values, of more than 750 mm/year, 

are recorded in the Romanian Plain and the Danube 
Floodplain (ex. ES Jirlău - 1042 mm/year, ES Bistreţ 

– 1048 mm/year), in the Western Plain (ex. ES Cefa 

– 891 mm/year), in Dobrogea and, sporadically, in 
the Moldavian Plain.  

Values between 600 şi 750 mm/year (Fig. 5), can 
be found in hilly and plateau areas, whereas in some 

mountainous areas evaporation can fall below 400 

mm/year (ES Valea de Peşti – 363 mm/an), while in 
mountainous depressions evaporation values can 

reach 550 mm/year (ES Poiana Braşov – 552 
mm/an).  

In the context of global climate changes, the 

issue of identifying trends in evaporation, 
particularly in Romania's drought-affected areas 

(such as the Romanian Plain, the Moldavian Plain 
and Dobrogea, which are affected by hydrological, 

climatic and soil drought) has received a lot of 
attention.  

Therefore, it was possible to identify at national 

level, on the basis of existing studies made for the 
period 1961-2013 (Stan et al., 2015, Neculau et al., 

2015), an intensification of evaporation in south-
eastern Romania (especially at the Căldăruşani, 

Oancea and Jirlău stations) and a reduction of 

evaporation in the south-west (Fântânele and 
Furculeşti stations) and in the areas where the 

plains meet the plateaus, as well as in the Sub-
Carpathians (Stolnici, Focşani). 
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 Fig. 5: Spatial distribution of annual evaporation in Romania (1961 – 2013) 

The seasonal analysis of evaporation included 

only three seasons (spring, summer and autumn), 
because this process can only be studied during the 

ice-free period, between March and November, as 
the layer of ice that covers water bodies in winter 

prevents any air-water exchanges.  

After establishing the correlations between 

seasonal evaporation and altitude, we noticed the 
existence of a strong connection, with correlation 

coefficients of more than 0.86 (Fig. 6). 

   

  Fig. 6: Correlation between average seasonal evaporation and the altitude

 

 
During spring, based on a spatial analysis, it 

was possible to see that evaporation varies between 
100-225 mm/season, with the highest values 

recorded in the eastern part of the Bârlad Plain, 

Danube's Floodplain and the Danube Delta (Fig. 7).  

 

In general, spring evaporation ranges from 220 
to 225 mm in the Moldavian Plateau, Dobogea's 

Plateau, the Romanian Plain and the Western Plain. 
In mountainous areas, spring evaporation does not 

exceed 150 mm, and can even fall below 100 mm at 

higher altitudes, of more than 1800 meters.  
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 Fig. 7: Spatial distribution of spring evaporation in Romania 

 

The evaporation process intensifies in summer, 
as air temperature and sunshine duration increase. 

At national level, summer evaporation fluctuates 

between 150 and 375 mm (Fig. 8).  
The highest values, of more than 375 mm, are to 

be found in the eastern part of the Romanian Plain 
and in the Danube's Floodplain, whereas the lowest 

values (of less than 150 mm) are recorded in the 
Meridional Carpathians and in the northern part of 

the Oriental Carpathians, at altitudes of more than 

1800 meters. Below 250 meters, summer 
evaporation can exceed 100 mm/month, and, in 

July, can even reach 160 mm/month in eastern 
Romania. The areas where evaporation is highest 

during summer are Dobrogea (the littoral and 

Danube's Delta), the south-eastern portion of the 
Romanian Plain (Bărăganul Mostiştei, Bărăganul 

Ialomiţei and Brăila's Plain), Danube's Floodplain, 
the southern part of the Moldavian Plateau (Lower 

Siret's Plain and Prut's Corridor).  

June is the month with the longest daily 
sunshine duration, but, despite this, evaporation 

does not reach its maximum value due to increased 
cloudiness (Păltineanu, et al. 2007). Thus, monthly 

evaporation reaches 140 mm/month in the Bărăgan 
Plain, Prut's Corridor and the littoral area.  

 July is the month when the highest values of 
evaporation are recorded, which can exceed 160 

mm in the Danube's Floodplain, Bărăgan's Plain and 

Prut's Basin (ex. Teascu, Amara and Oancea 
stations).  

 

 

Fig. 8. Spatial distribution of summer evaporation 
in Romania 

August is similar to June with regards to 
evaporation, and, as such, values of 150 mm/month 

are measured in south-eastern Romania, while in 

the mountains, at altitudes above 1500 meters, 
evaporation can fall to just 50 mm.  
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Evaporation is significant, particularly during 

summer, when vegetation and plants mature and 

require irrigations for supplementing water provided 
rainfall. Therefore, by calculating the difference 

between the amount of water provided by 
precipitations and water lost through evaporation 

during summer, we achieved a negative result, with 

a water deficit of more than 100 mm in July and 
August (Fig. 9), and more than 350 mm at annually 

scale (Tab. 1).  
 

 

Fig. 9. Monthly difference between precipitations 
(P) and evaporation (E) 

Table 1: Annually values of precipitation, 
evaporation and water deficit 

Evapometric 

station 

Mean annual 

precipitations 

(mm) 

Mean annual 

evaporation 

(mm) 

P-E 

Alexandria 406 837 -431 

Furculeşti 414 765 -351 

Amara 348 960 -621 

Oancea 385 894 -509 

Căldăruşani 469 973 -504 

 

Starting from September, evaporation drops, and 
during autumn, it ranges between 100 and 175 mm 

(Fig. 10).  Once again, the highest values are found 
in the lowlands, such as the Romanian Plain and the 

Western Plain. For hilly regions and the Sub-

Carpathians, evaporations measures between 100 – 
150 mm/season. 

The second objective of this paper was the 
creation of a map of evapotranspiration at national 

level in Romania. It was achieved starting from the 
values of water surface evaporation, measured with 

GGI-3000 (Epan) instruments, with the addition of a 

transmission coefficient for the evapometric basin, 
determined with the Snyder method (equation 3).   

After determining evapotranspiration (calculated 
with the Snyder method), we proceeded to establish 

its correlation with altitude, and achieved a strong 
relationship between these two parameters 

(illustrated by a correlation coefficient of 0.966), 

which is inversely proportional, as altitude increases 
while evapotranspiration decreases. Consequently, 

at altitudes of 0 to 250 meters, evapotranspiration 

registers values of more than 600 mm/year, 

between 250 and 500 meters’ evapotranspiration 

varies from 400 to 600 mm, and above 1250 meters’ 
evapotranspiration falls below 400 mm/year. By 

analysing the map of multi-annual 
evapotranspiration (1961 – 2013), it was possible to 

determine that evapotranspiration fluctuates 

between 300 and 625 mm/year (Fig. 11). 
 

 

Fig. 10. Spatial distribution of evaporation in 
autumn, Romania 

 

The highest values of real evapotranspiration, of 
more than 625 mm/year, are found in the following 

areas: most of the Romanian Plain, the Floodplain 

and Delta of the Danube, Banat's Plain, the Black 
Sea littoral zone and the eastern part of Dobrogea's 

Plateau. Values from 575 and 625 mm/year are 
recorded in the northern part of the Romanian Plain, 

the Getic Plateau, Barlad's Plateau and the 
Moldavian Plain, the Western Hills and the northern 

portion of the Western Plain.  

The Sub-Carpathians and the Transylvanian 
Plateau exhibit evapotranspiration values ranging 

from 500 to 550 mm/year, while in the mountains, 
real evapotranspiration decreases significantly with 

altitude, reaching values of less than 300 mm/year 

in the Carpathian summits. 
The last stage of the present study involved the 

process of verifying the degree of error for the 
chosen spatialization method. It involved extracting 

estimated values from the evaporation grid using the 
Grid Values to Points function (from the Shapes-Grid 

module) and comparing these values with those 

measured at the stations that were included in our 
analysis.  

Thus, it was possible to see that the 
extrapolation method for evaporation at national 

level has a tendency to underestimate evaporation 

at altitudes below 250 meters and to overestimate it 
at higher altitudes. The difference between 

estimated and measured values was no greater than 
100 mm, though for altitudes above 900 meters this 

threshold can be exceeded (Fig. 12). 
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    Fig. 11. Spatial distribution of evapotranspiration in Romania, 1961 – 2013 

 

Fig. 12: Evaporation measured at evapometric stations and evaporation obtained by extrapolating values 
in GIS 

Conclusion 

This study can be used for determining the 

indirect method of evaporation and 
evapotranspiration rates at micro-scale. In Romania, 

the spatial distribution of the analyzed parameters 

is, for the most part, determined by the relief, which 

constitutes the main factor that dictates the 
particularities of both the local and regional climate.  

In Romania evaporation oscillates between 400 

and 750 mm/year. The highest values, more than 
750 mm/year, are recorded in the Romanian Plain 

and the Danube Floodplain, in the Western in 
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Dobrogea and, sporadically, in the Moldavian Plain. 

During spring evaporation varies between 100 - 225 

mm/season, with the highest values recorded in the 
eastern part and in the Danube Delta. The 

evapotranspiration values varied between 300 and 
625 mm/year. The highest values of real 

evapotranspiration, of more than 625 mm/year, are 

found in the most of the Romanian Plain, the 
Floodplain and Delta of the Danube, Banat's Plain, 

the Black Sea littoral zone and the eastern part of 
Dobrogea's Plateau. 

The extrapolation method for evaporation at 
national level has a tendency to underestimate 

evaporation at altitudes below 250 meters and to 

overestimate it at higher altitude. The difference 
between estimated and measured values was not 

greater than 100 mm, though for altitudes above 
900 meters this threshold can be exceeded. These 

errors are explained by the small number of 

evapometric stations in Romania, aggravated by the 
lack of such stations in vast areas that are not 

monitored. 
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Introduction 

Due to the intensification of the high intensity 

torrential precipitations events in the last years in 

many countries, and the perspectives of further 
increase of the frequency of such extreme events as 

results of the climate changes, the analysis and 
simulation of the hydrological processes associated 

with flash floods events remain a major priority for 
the scientific hydrological community.  

Globally, flash floods have the highest mortality 

rate and the most important damage, taking into 
account all categories of floods. There is an 

increasing number of scientific papers that are 
focused on simulation of hydrological processes 

associated with flash floods (Dawson and Wilby, 

1998; Pilgrim et al., 1998; Wagener et al., 2003; 
Oudin et al., 2005). Such studies are inevitable for 

the development of the appropriate measures to  

 
mitigate the impacts of flash floods. Frequency of 

flash floods increased in recent years also in 

Romania. 
Flood mapping is a crucial element of flood risk 

management in the EU (Directive 2007/60/EC on the 
assessment and management of flood risks). 

In order to prepare flash flood risk maps it is 
necessary to delineate and map potentially affected 

areas and determine the severity of the 

phenomenon (hazard).  
According to Handbook on good practices for 

flood mapping in Europe (EXCIMAP, 2007) several 
aspects can be highlighted in relation to flash-flood 

hazard and risk map delineation: 

• Flash-flood prone areas can be identified by 

using meteorological criteria, in terms of 

rainfall amounts and intensities above a 

threshold that have impacted the same area 

in the past; 
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Abstract 

This paper presents an integrated approach for preparation of 
flash flood hazard maps using different threshold values and 
indices methods. The methods are based on the influence of the 
main physical-geographical factors on the rainfall-runoff 
processes. 
The approach utilizes the ROFFG threshold runoff values for the 
small sub-basins configured within the Romanian Flash Flood 
Guidance System (ROFFG), together with robust runoff coefficient 
estimates for selected rainfall scenarios. Calculation of Flash Flood 
Potential employs a dimensionless index based on several 
geographical factors determined in GIS (raster format at 30 
meters cell size) that influence the surface runoff. The index and 
general rainfall-runoff analysis in representative gauged sub-
basins (area < 200 km2) are used for the general validation of the 
results of the ROFFG threshold runoff method. 
The results of the ROFFG method highlight the existence of a high 
hazard caused by flash floods in 2401 basins, which cover about 
61754 km2 (25% of the total area of Romania). The Flash Flood 
Potential Index (FFPI) method highlights too high and very high 
values of FFPI in 2805 small basins covering an area of about 
80000 km2 (approximately 33% of the total area of Romanian 
area). Both methods indicate that the highest flash floods hazards 
occur in the mountain and hilly areas. 

Keywords: flash-floods, threshold runoff, hazard maps, small 
basins, Flash Flood Guidance 

 

Rezumat. Evaluarea hărților de hazard la viituri rapide 
utilizând diferite valori prag si metode bazate pe indici 

Aceasta lucrare prezintă o abordare integrată în vederea pregătiri 
hărților de hazard pentru viituri rapide utilizând diferite valori prag și 
metode bazate pe anumiți indici. Metodele sunt bazate pe influența 
principalilor factori fizico-geografici asupra proceselor ploaie-
scurgere. Abordarea utilizează valorile prag ROFFG pentru scurgere 
stabilite pentru bazinele mici configurate in cadrul sistemului 
ROFFG, împreună cu un coeficient de scurgere robust, estimate 
pentru scenarii de precipitații selectate. Calcularea Potențialului de 
Viituri Rapide implică derivarea unui indice adimensional bazat pe 
câțiva factori geografici determinați în GIS (format raster – celula de 
30m) care influențează scurgerea de suprafață. Indicele și analiza 
general a scurgerii în sub-bazine reprezentative monitorizate 
(suprafața < 200 km2) sunt folosite pentru validarea generală a 
rezultatelor obținute prin metoda valorilor prag din ROFFG. 
Rezultatele metodei ROFFG evidențiază existența unui hazard ridicat 
cauzat de viituri rapide in 2401 bazine, care acoperă aproximativ 
61754 km2 (25% din totalul suprafeței României). Metoda FFPI 
evidențiază valorile mari și foarte mari ale FFPI in 2805 bazine mici 
ce acoperă o suprafata de aproximativ 80000 km2 (aproximativ 
33% din suprafața totală a României). Ambele metode indica faptul 
ca cele mai expuse areale la hazardul reprezentat de viituri rapide 
sunt localizate in zonele de deal si de munte. 
  
Cuvinte-cheie: viituri rapide, valori prag ale scurgerii, harti de 
hazard, bazine mici, Flash Flood Guidance 
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• Geomorphologic criteria are of primary 

importance in flash-flood prone areas, since 

water in most of these rivers does not flow for 

most of the year; 

• Classical 1-D hydraulic modelling for hazard 

delineation may not be useful in small to 

medium flash-flood prone areas. Modelling of 

solid transport is particularly important, since 

it highly affects the extent of the flood. In 

order to enable the accuracy of 

hydrological/hydraulic modelling and produce 

the final flood hazard map, detailed and 

accurate digital maps and digital elevation 

models (DEM) are required; 

• General recommended minimum requirements 

are 10mx10m (possibly 5mx5m) for horizontal 

and minimum 0.5m for vertical resolution, 

respectively; 

• Risk assessment is of great importance in 

flash-flood prone areas, because many of 

them have been highly developed and are 

thus a highly vulnerable. 

 

Materials and methods 

Methodology 

Taking into account all of the above aspects and 

the need for a Flash Flood Hazard Map at national 
level, for the entire territory of Romania, we propose 

the following methodology: 

• Use the threshold runoff values from the 

actual ROFFG operational system 

configuration; 

• Compute the runoff for selected precipitation 

scenario using the runoff coefficients based 

on the data from the representative basins in 

Romania; 

• Define and check the flash flood hazard 

severity classes using information from the 

existing hydrometric stations in small basins, 

and Flash Flood Potential Index; 

• Estimate the potentially flooded area, taking 

into consideration the influence of the main 

physical - geographical factors on the runoff 

generation processes. 

Flash Flood Potential Index is proposed to 

validate the results of the above approach. 

The method of identification of flash floods 
prone basins  

Current operational procedures for elaborating 

flash flood warnings in Romania are based on 
information from radar products, stations data, 

Numerical Weather Prediction (NWP) models, 

Romanian Flash Flood Guidance System (ROFFG) 

products, South East Europe Flash-Flood Guidance 
System (SEEFFG), European Flood Awareness 

System (EFAS), and other information/indices 
related with flash-flood potential/susceptibility. 

The ROFFG system is component of the 

Romanian National Hydrological Forecasting and 
Modeling System. It was developed by the 

Hydrologic Research Centre (HRC) in San Diego. It 
was designed to integrate real-time data from 

various hydro-meteorological sources and evaluate a 
number of diagnostic indices that are related to 

occurrence and development of natural flash floods. 

The ROFFG system uses real-time radar and gauge 
precipitation data on an hourly basis and other 

meteorological information (e.g., air temperature 
and snow information during winter months). It 

produces flash-floods occurrence diagnostic indices 

over each of 8851 small basins in Romania (average 
basin area of approximately 30 square kilometers).  

The configuration and use of flash flood guidance 
systems, is based on the concept of threshold 

runoff, defined as the amount of effective rainfall of 
a given duration falling over a watershed that is just 

enough to cause bankfull conditions at the outlet of 

the draining stream. 
Identification of the basins endangered by flash 

floods and determination of the class of the hazard 
was made by comparing the threshold runoff values 

established within the system ROFFG with the runoff 

values given by the amount of rainfall with 
probability of exceeding 1% considered in 

specialized literature as having the value of 125 mm 
(Miţă, 1994). 

Threshold runoff values were calculated for each 

of the 8851 river basins according to the 
methodology proposed by researchers at San Diego 

Hydrologic Research Centre (Carpenter et al., 1999; 
Georgakakos, 2006; Ntelekos et al., 2006; Norbiato 

et al., 2008; Norbiato et al., 2009).  
The runoff depth resulting from a given amount 

of rainfall with probability of exceeding 1%, P = 125 

mm (Miţă, 1994) is determined by the formula: 
 

*)()( mmPmmR   (1) 

where: 
R, P and α = symbols to the equation (1),  
R=runoff, P=precipitation, α=runoff coefficient 

 
Runoff coefficient α is determined as function of 

forestation coefficient, basin slope, and soil type 
(Miţă, 1994). Runoff coefficients used for 

representative basins in Romania are given in Table 
1, for a precipitation event of 125 mm and previous 

5 days API of 40 mm (Miţă and Mătreaţă, 2016). 
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                  Table 1: Runoff coefficient values, from representative basins 

Ib 

(%) 

Cp (%) 

0-20 20-40 40-60 60-80 80-100 

Soils with high infiltration capacity 

5-10 0.44 0.42 0.40 0.38 0.36 

10-20 0.46 0.44 0.42 0.40 0.38 

20-30 0.48 0.46 0.44 0.42 0.40 

30-40 0.50 0.48 0.46 0.44 0.42 

40-50 0.52 0.50 0.48 0.46 0.44 

Soils with mean infiltration capacity 

5-10 0.55 0.53 0.51 0.49 0.47 

10-20 0.57 0.55 0.53 0.51 0.49 

20-30 0.59 0.57 0.55 0.53 0.51 

30-40 0.62 0.60 0.58 0.55 0.53 

40-50 0.64 0.62 0.60 0.57 0.55 

Soils with low infiltration capacity 

5-10 0.66 0.63 0.61 0.58 0.56 

10-20 0.69 0.66 0.63 0.60 0.57 

20-30 0.73 0.69 0.66 0.63 0.60 

30-40 0.75 0.72 0.69 0.65 0.63 

40-50 0.78 0.75 0.72 0.68 0.65 

                 Note: Ib= slope basin; Cp=forestation coefficient. 

           Source: Miţă and Mătreaţă, 2016 

 

By applying a fuzzy model (Zadeh, 1965) a final 

grid, with the estimates of maximum runoff 
coefficient at resolution of 1km is obtained as well. 

Averaging of maximum runoff coefficients for the 
8851 basins of the ROFFG system (Fig. 1) and 

applying the above formula give runoff estimates 

from a given amount of rainfall with exceedance 
probability of 1%.  

 

 

Fig. 1: Maximum runoff coefficients averaged for 
the ROFFG sub-basin  

The ratio of this runoff value to runoff thresholds 

values that may cause the flooding phenomenon at 

the outlet basins was used to establish three classes 
of the flash flood hazard: 1 - low, 2 - medium, 3 – 

high. 

 

Method based on Flash-Flood Potential 
Index derived at national scale  

The values of Flash-Flood Potential Index (FFPI) 
were computed for the entire Romanian territory, by 

taking into account the six geographical factors that 
influence the surface runoff (Smith, 2003; Teodor 

and Mătreaţă, 2010; Zaharia et al., 2012; Prăvălie 
and Costache, 2014): slope, profile curvature, 

hydrological soil group, lithology, convergence 

index, drainage network and land use/cover. 
Influence scores were assigned to each class or 

factor category (Table 2). The FFPI values were 
calculated on a grid base representation, using the 

following equation for each grid cell: 

 

6

IcLiHSGPcLcS
FFPI


  (2) 

where: 
FFPI = Flash-Flood Potential Index; S = slope; 
Lc = land use; Cp = profile curvature; HSG = 
hydrological soil group; Ic – convergence index. 

The curvature profile reveals areas with 

negative values where runoff is accelerated and 
areas with positive values where runoff is 

decelerated. Hydrographic network convergence 

index highlights through negative values valley 
areas, while through positive values, the interfluves. 
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      Table 2: Influence scores of FFPI factors 

Parameters Types/values 

Slope (°) < 3 3 – 7 7- 15 15– 25 >25 

Land use 
Forests, 
Lakes 

Shrubs, 
Orchards 

Agricultural 
areas, vineyards 

Natural  
grasslands 

Built areas, Bare 
rocks, Rivers 

Profile curvature   0.9 – 1.4 0 – 0.9 -2 – 0 

Hydrological soil group  A B C D 

Lithology 

Gravels, 
Sand, 
Loess 

Marne, 
Clay, 

Limestone, 
Casts 

Sandstone, 
Calcareous 

sandstone, Tuffs 

Conglomerates, 
Massive 

sandstones, 
Shyts, Crystaline 

dolomites 

Schists, Volcanic 
rocks, Hard 
sandstone 

Convergence index 0 - 100 -1 – 0 (-2) – (-1) (-3) – (-2) (-100) – (-3) 

Influence scores 1 2 3 4 5 

Results and discussions 

Map of the flash flood hazard is shown in Fig. 2. 

Low hazard was calculated for 2894 basins. These 
basins are located mainly in the lowlands plains and 

cover the area of 75128 km2. Average hazard was 

calculated for 3668 basins with total area of 94240 

km2, which are distributed uniformly over the entire 

country.  
Catchments characterized by a high hazard to 

flash flooding are located mainly in the mountainous 

area, in the Transylvanian Depression and in the 
Moldavian Plateau. They are also located in 

Dobrogea area and in the Mehedinƫi Plateau.  
The number of these basins reaches 2401 and 

they cover an area of about 61754 km2. 

 

    Fig. 2: Classification of the ROFFG basins according to the flash-floods hazard 

FFPI method proposed as a validation method 

also indicates the presence of low values of potential 
to produce flash floods on extensive areas in the 

Romanian Plain, West Plain and the valleys of the 

main rivers.  
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Calculated Flash Flood Potential Index had 

values from 1.5 to 5. Basin mean values calculated 

for the ROFFG basins are shown in Figure 3. 2911 
ROFFG basins having small FFPI values cover the 

area of 70,000 km2. Basins characterized by middle 
FFPI values (3145 basins) have total area of about 

80,000 km2.  

In general, they are found in highland and hilly 

areas. High FFPI values were calculated for 2805 

basins with total areas about 80,000 km2. They are 
generally located in mountainous areas and in the 

Sub-Carpathian.  
Looking to the general results of the two 

methods, we could conclude that they produce 

comparable results. 

 

      Fig. 3: The Flash Flood Potential INDEX in the basins 

 

Conclusion 

We consider that the presented methodology, is 

a robust approach suitable for the first general 
assessment of flash flood hazard determination in 

small basins.  

It can be applied for large areas, especially in 
basins were a Flash Flood Guidance type system is 

already implemented.  
The requested GIS input data are in general 

available at global scale, but it is recommended to 

use local relations for a proper estimation of the 
runoff coefficient. Of course, for local small scale 

application, it is recommended to apply first a 
detailed distributed hydrological model, and to use 

the more general approach for a robust validation. 

Further improvement and extension of the results 

will be conducted as follows: 
a) Detailed analysis at the river network cells 

level will be added, in order to take into 

account the effect of the upstream areas; 
b) Then, a detailed robust distributed modeling 

will be investigated, using a cellular automata 
model approach.   
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Introduction 

 

Forestry and water are inseparable, plant a tree 

and it will use water, cut a tree and its water use 
ceases. In fact, forest cover influences the 

hydrological response of a basin, by adjusting the 
volumes of water content in the soil through 

processes of interception (Breda et al., 1995; Lesch 

and Scott, 1997; Aboal et al., 2000; Rahman et al., 
2002), infiltration (Lane and Mackay, 2001; Grace et 

al., 2006b) and evapotranspiration (Van der Zel,  
 

1970; Baker, 1986; Ruprecht et al., 1991; Breda et 
al., 1995; Ozyuvaci et al., 2004; Grace et al., 2006a; 

Serengil et al., 2007). Vegetation cover has then an 
important influence on the hydrological cycle. 

Understanding the relationships between canopy 
characteristics and interception is essential for 

quantitative prediction of the effects of deforestation 

(Gash et al., 1980) and changes in land use and 
vegetation on water yield (Bosch and Hewlett, 

1982). Indeed, the water yield of a forest is a 
measure of the balance between incoming 

precipitation and outflow of water as runoff. The 

amount in water yield depends on annual 
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Abstract 

Forested watersheds offer a wide array of benefits. In fact, forest 
cover affects the hydrological response of a basin, regulating the 
volumes of water content in the soil through processes of 
interception, infiltration, and evapotranspiration. Altering forest 
cover can significantly influence water balances at both site and 
watershed scale. Understanding the relationship between 
vegetation and streamflow is vital to assess the effects of forest 
disturbance on hydrologic response, and to identify best 
management practices in a watershed. The aim of the present 
research was to evaluate the role of forests in the hydrological 
processes which occur in a headwater basin draining a Calabrian 
pine forest (Pinus laricio Poiret). Moreover, the analysis also 
involved studies of forest carbon uptake. Since 1986 the Bonis 
watershed has been instrumented and precipitation, runoff, 
throughfall, stemflow, and some climatic parameters have been 
measured. Recently, in order to study carbon and water cycle 
dynamics (for climate change mitigation assessment) and to give 
information about the amount of water used by plants, a tower 
with Eddy covariance technique was installed. The study 
concerned the analysis of precipitation and the interaction 
between forest cover and throughfall, stemflow and runoff after a 
thinning treatment. Investigation on CO2 and evapotranspiration 
with the Eddy covariance methodology has also been performed. 
Results have shown an increase (more than 50%) of the runoff in 
the basin after the forest thinning (50% of the stems 
corresponding to 30% of the basal area) while no significant 
differences in rainfall have been detected before and after the 
forest thinning. In particular, after the thinning, the runoff 
coefficient increased from 0.21 to 0.29 during the autumn-winter 
period, while in the summer season it shifted from 0.16 to 0.41. 
The results of this study evidenced the effect of a silvicultural 
practice on the runoff response thus showing that an appropriate 
forest management can have a key role in water management at 
basin scale. 

Keywords: forest cover, runoff, stemflow, thinning, throughfall 

Rezumat. Rezultatele unui studiu pe termen lung cu privire la 
un bazin hidrografic experimental din sudul Italiei 

Bazinele hidrografice împădurite oferă o gamă largă de beneficii. De 
fapt, acoperirea cu pădure afectează răspunsul hidrologic al unui 
bazin, regularizează volumul de apă din sol prin procese de 
interceptare, infiltrare, și evapotranspiraţie. Despăduririle poate să 
influențeze în mod semnificativ bilanțul  apei la  scara locala și scara 
bazinului hidrografic. Înțelegerea relației dintre vegetație și scurgere 
este vitală pentru a evalua efectele despăduririi asupra răspunsului 
hidrologic, precum și pentru a identifica cele mai bune practici de 
management într-un bazin hidrografic. Scopul prezentului studiu a 
fost de a evalua rolul pădurilor în procesele hidrologice care au loc 
într-un bazin hidrografic cu pădure de pin calabrian (Pinus laricio 
Poiret). În plus, analiza a implicat, de asemenea, studii de absorbție 
de carbon a pădurilor. Din 1986 bazinul  hidrografic Bonis a fost 
echipat și au fost măsurate precipitațiile, scurgerea, precipitația 
interceptată şi căzută de pe frunze, și unii parametri climatici. 
Recent, în scopul de a studia dinamica circuitului carbonului  și apei 
(pentru evaluarea măsurilor de atenuare a schimbărilor climatice), 
precum și pentru a se obține informații cu privire la cantitatea de 
apă utilizată de plante, a fost instalat un turn cu tehnica covarianței 
Eddy. Studiul a vizat analiza precipitațiilor și interacțiunea dintre 
suprafața împădurită și precipitația interceptată şi căzuta de pe 
frunze și scurgerile după un tratament de rărire. De asemenea, cu 
tehnica covarianței Eddy, au fost efectuate investigații privind 
emisiile de CO2 și evapotranspiraţiei. Rezultatele au arătat o 
creștere (de peste 50%) a scurgerii în bazinul după rărirea pădurii 
(50% din tulpinile care corespund cu 30% din suprafața de bază), 
în condițiile în care înainte și după rărirea pădurii, nu au existat 
diferențe semnificative în ceea ce privește precipitațiile. În special, 
după rărirea pădurii, coeficientul de scurgere a crescut de la 0.21 la 
0.29 în perioada de toamnă-iarnă, în timp ce în sezonul de vara s-a 
schimbat de la 0.16 la 0.41. Rezultatele acestui studiu au evidențiat 
efectul practicii silvice asupra răspunsului hidrologic, arătând astfel 
că o gestionare corespunzătoare a pădurilor, poate avea un rol-
cheie în gestionarea apei la scara bazinului hidrografic. 

Cuvinte-cheie: acoperire cu pădure, scurgere, precipitația 
interceptată şi căzută de pe frunze, rărirea pădurii 
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precipitation as well as on type and canopy density. 

The transpiration rates of different forest types 

depend upon their stomatal sensitivity to saturation 
deficit, species differences in maximum canopy 

conductance, and differences in leaf area index, 
regardless of whether they are managed plantations 

or natural forests (Cannell, 1999). Although their 

leaf area indices can be large, conifer species have 
usually lower transpiration rates (about 2–4 

mm/day) than broadleaved species, due to 
constraints by the closure of stomata in response to 

increasing saturation deficits (Whitehead and Jarvis, 
1981) and to their specific hydraulic architecture.  In 

addition to tree species, also tree density influences 

water yield, with higher densities generally resulting 
in streamflow decreases as a result of increased 

transpiration losses.  
At basin scale, silvicultural practices can increase 

water reserves while the afforestation may cause a 

decrease in water availability and thus a runoff 
decrease (Ganatsios et al., 2010). This increase or 

decrease in water availability depends on the area of 
harvesting treatments in a given watershed (Bosch 

and Hewlett, 1982) and, in case of decrease in 
water availability, it is strictly related to canopy 

removal (Baker, 1986; Lane and Mackay, 2001). 

Hydrologic consequences of forest management 
have been investigated in many parts of the world 

during the last years, showing that water yield 
usually increases immediately after timber harvest, 

due to reductions in evaporation and transpiration 

(see e.g. Zhang et al., 2001; Wilcox, 2002; Callegari 
et al., 2003; Andreassian, 2004; Oudin et al., 2008; 

Wei and Zhang, 2010; Zhao et al., 2010). The most 
commonly used methodology is that of paired 

watershed experiments involving two or more 

watersheds with similar characteristics in terms of 
slope, aspect, soils, area, climate, and vegetation, 

located adjacent to or in close proximity to each 
other (experiments reviewed by Brown et al., 2005), 

which are concurrently monitored during pre-
treatment and post-treatment periods. The single 

watershed approach also involves two study periods: 

a pre-treatment period and a treatment period. In 
South Africa, Lesch and Scott (1997) found that a 

22–46% forest thinning in a 27.2 ha catchment 
increased annual runoff by 10–71% in the first 3 

years after thinning. Similar results have been 

obtained in the coastal area of North Carolina (USA), 
where both daily outflows and peak flow increased 

during the thinning treatment (Grace et al., 2003). 
Only insignificant changes in annual runoff after 

thinning timber volume by 6.4% and 33% in a 27 ha 
watershed have been detected in Japan (Rahman et 

al., 2002; 2005) but, as evidenced by the authors, 

the method used in the paper probably was not 
suitable for detecting the effects of the thinning on 

the runoff. Most of these studies focused on the 

extent to which a thinning decreases canopy 

interception and evapotranspiration, which may 

explain the diverse results regarding changes in 
runoff which are strongly scale-dependent, ranging 

from the hillslope to the entire catchment (Sidle et 
al., 2000; Gomi et al., 2008b).  

In fact, the hydrological processes in hillslope, 

headwater, and downstream areas may differ in 
relationship to differences in vegetation type, 

topography, and soil properties (Stomph et al., 2002; 
Cammeraat, 2004; Sidle et al., 2011). Therefore, the 

effects of forest management can affect hydrological 
processes and their effects can be scale determined 

(i.e. hillslope or catchment). Thinning at hillslope 

scales alters net precipitation and infiltration, such 
change does not necessary produce changes in runoff 

components and associated catchment runoff (Miyata 
et al., 2010; Dung et al., 2011). Rather, catchment 

runoff may be influenced by the effects of forest 

management which in turn are dependent on the 
continuity or discontinuity of hydrological processes 

from hillslope to catchment (Sidle et al., 2000; 2007; 
Gomi et al., 2002; Joel et al., 2002; Van de Giesen et 

al., 2000; Gomi et al., 2008a). Therefore, assessing 
the complex interactions between vegetation and 

hydrological processes at various scales is paramount 

for evaluating runoff responses associated with forest 
management (Dos Reis Castro et al., 1999; Stomph 

et al., 2002; Miyata et al., 2010).  
This study presents the results of the 

experimental observations on a forested watershed 

in southern Italy. In addition to monitoring of the 
hydrological cycle, the watershed has been 

instrumented with a tower to calculate CO2 and H2O 
fluxes (with the Eddy covariance technique), to 

study carbon and water cycle dynamics (for climate 

change mitigation assessment) and to gather 
information about the amount of water used by 

plants. In particular, in this paper we report the 
results of a study conducted from 1986 to 2002 in 

the basin through which we assess the effects of a 
thinning (in 1993) on the basin runoff by analyzing 

the hydrological behavior before and after 

silvicultural treatment (thinning).  
The hydrological processes were monitored from 

1986 until 2002 and the data preceding and 
following the thinning were compared in order to 

investigate possible changes that occurred after the 

silvicultural treatment. The main objective of this 
study is to investigate integrated data in order to 

understand the relationship between forest, soil, 
water and the atmosphere in order to provide 

information and guidance for a sustainable 
management of forested mountainous watersheds in 

the Mediterranean. 
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Materials and methods 

Study area and data 

The Bonis experimental watershed (Fig. 1) is 
located in the mountain area of Sila Greca 

(39°25’15’’N, 16°12’38’’W), in the Calabria region 

(southern Italy).  
The catchment has a surface of 1.39 km2, a 

mean elevation of 1131 m a.s.l. and it was 
instrumented in 1986. Almost 93% of the total area 

is covered by forest stand, dominated by about 50 

year old Calabrian pine (Pinus laricio Poiret) forests. 

There are also small stands of chestnut (Castanea 
sativa Mill.) and riparian forests of common alder 

(Alnus glutinosa L).  
Finally, a small portion of the catchment (about 

6% of the drainage area) has no tree cover and is 

largely devoid of vegetation. The forest cover 
characterization has been identified by photographic 

surveying and by mapping resolution at 1:2000 scale. 

 

Fig. 1:  Map of the Bonis basin with the station                                         

 
The survey of forested areas has been carried 

out by means of a special sampling of test areas and 

transects. The surveys, first performed in 1986 have 
been repeated in 1993 and 1999 (Table 1).  

Geologically, the catchment is underlain by acid 
plutonic rocks (Callegari et al., 2003) characterized 

as Typic Xerumbrepts and Ulpic Haploxeralfs. The 
climate of the area is typical of the mountain areas 

of Calabria which, due to its geographic position and 

mountainous nature, is characterized by mild winters 
and hot summers with little precipitation. In the 

inland zones, colder winters with snow and fresher 
summers with some precipitation are observed 

(Caloiero et al., 2011). The main features of the 

study area are reported in Table 2.  
Rainfall was measured by three mechanical rain 

gauges (with a tipping bucket), 20 minute-span 
interval, located at the basin outlet (Outlet: 975 m 

a.s.l.) and at representative sites within the north-

eastern (Petrarella: 1258 m a.s.l.) and southwestern 

(Don Bruno: 1175 m a.s.l.) parts of the catchment 
(Fig. 1). Runoff was measured at the catchment 

outlet using a Thomson weir (capable of measuring 

discharges up to 17 m3/s) at the end of a gauging 
structure comprising a concrete-lined channel and 

equipped with a mechanical stage recorder. Besides 
rainfall and runoff, other data (temperature and 

wind speed) were measured.  
Throughfall and stemflow were also measured 

since their inputs are of critical importance to 

wooded ecosystems and constitute the majority of 
incident precipitation, ranging in most cases from 70 

to 90% of incoming precipitation with the remainder 
lost to interception (Levia and Frost, 2003).  

Fifteen throughfall collectors and tipping buckets 

with an orifice of 962 cm², were placed at 70 cm 
above the ground on a regular grid, together with 

10 collectors for stemflow, inside two 150 m2 sample 
areas, randomly selected within the dominant pine 

stands, differing in tree density (control plot and 

thinned plot) (Fig. 2). 
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Table 1: The dendrological data at 1986 (study first stage), 1993 (before and after the thinning) and 1999 

Stand Type D 
A 

(%) 

1986 
1993 before 

thinning 
1993 after thinning 1999 

Nt 
Ba 

(m2) 
Md 

(cm) 
Nt 

Ba 
(m2) 

Md 
(cm) 

Nt 
Ba 

(m2) 
Md 

(cm) 
Nt 

Ba 
(m2) 

Md 
(cm) 

natural  
High 13.3 4000 52.8 13 3120 50.7 14.4 1270 37.4 19.2 1240 48.9 22.4 

Low 3.4 2700 52.3 15.7 1870 47.8 18 1100 35.8 20 1000 43.9 23.6 

artificial 
High 48.8 2200 55.8 18 1701 52.2 19.8 1150 39.2 20.8 1102 49.1 23.8 

Low 5 1250 40.2 20.2 1162 43.2 21.8 800 32.4 22.8 775 45.8 27.4 

mixed - 4.7 1325 43.9 21 1208 46.4 22.1 900 34.8 22.3 888 48.6 26 

Note: D=density; A=area; Nt=Number of trees; Ba=Basal area evaluated as function of Md; Md=Mean diameter at 1.3 m from the 
bottom of the tree trunk 

 

                                Table 2: Main features of the study area 

Feature Value 

Area (sq km) 1.39 
Perimeter (km) 5.9 
Mean elevation (m) 1131 
Maximum elevation (m) 1301 
Outlet elevation (m) 975 
Mean slope of the basin (%) 43.4 
Drainage network length (km) 10.5 
Main reach length (km) 2.2 
Mean annual rainfall (mm) 915 
Main annual temperature (°C) 8.9 
Mean temperature of the coldest month (°C) 0.1 
Mean temperature of the hottest month (°C) 18.3 

                              Note: Rainfall and temperature values refer to the measurement period
 

 

        Fig. 2: Stemflow and throughfall measurements in the control plot 

 

Methodology 

Forest cover aerial photo-interpretation 

(examination of photographic images with the 
purpose of identifying forest stand types) was carried 

out at a 1:2000 scale. Then, on the basis of forest 
stand types (natural stands, plantations, etc.) and 

tree density, a zoning procedure was performed. This 
procedure consists in subdividing forested area into 

homogeneous sectors based on density, age, origin, 

etc. For every stand type, surveys of dendrometric 

parameters through sample areas and transects, 

were carried out in 1986, 1993, and 1999.  
A selective thinning was carried out in 1993. On 

average, density was reduced by 55% (38% in low-
density stands, 69% in high-density stands).  

The hydro-meteorological parameters were 
monitored from 1986 to 2002 and rainfall and runoff 

values before and after the thinning were compared 

in order to investigate the possible changes that 
occurred as a result of this silvicultural treatment. 

Before the analysis, the problem of the data quality 
has been examined; in fact, in the analysis of 
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hydrological series, such as the ones used in this 

study, attention must be paid to inhomogeneities of 

data series and missing data (about 50% of the data 
in some series). Particularly, the latter problem 

affects all the instrumental period, and especially the 
1999-2000 period, because of occasional 

interruptions in automatic recorders and failure of 

instrumentation. Excluding periods with missing 
values from data analyses may lead to disregard 

valuable information, and to induce errors in temporal 
analyses. The homogenization approach applied in 

this work was similar to the one discussed in Brunetti 
et al. (2012). This approach has been widely used in 

the Calabria region for the detection of 

inhomogeneities of several variables (Caloiero et al., 
2015a,b; Longobardi et al., 2016; Caloiero et al., 

2017). Specifically, in this work, each of the three 
rainfall series (Outlet, Petrarella and Don Bruno) was 

tested against other rainfall series, recorded by the 

Multi-Risk Functional Centre of the Calabria region 
and identified as homogeneous in Brunetti et al. 

(2012), by means of a multiple application of the 
Craddock test (Craddock, 1979). The estimation of 

the missing data was performed by applying a 
recently developed two-step procedure (Simolo et al., 

2010) which allows to preserve both the correct event 

time location (wet/dry days) and the statistical 
properties of daily precipitation series. Moreover, in 

order to identify possible change points in the runoff 
series due to the thinning, in this study a particular 

form of the non-parametric Mann-Whitney (MW) test, 

developed by Pettitt (1979), has been employed 
(Kiely et al., 1998, Kiely, 1999). The Pettitt form of 

the MW test is extremely useful for detecting shifts in 
the mean of a sample series when the change point is 

unknown, and, in any case, it provides the most 

probable change point year of the time series.  
Hydrological studies were carried out at two 

levels: basin scale and plot scale. Data used for the 
analysis were precipitation, stemflow, throughfall, 

and runoff. Two plots were defined for stand scale 
analysis. Control plot had a density of 1500 trees per 

hectare, the plot subjected to a low selective 

thinning, which removed 50% of trees (30% of 
basal area) had a density of 867 trees per hectare.  

 

Results and Discussion 

For the application of the homogenization 

procedure and of the techniques for filling-in missing 

data, some homogeneous series from the Multi-Risk 
Functional Centre network have been used as 

reference series. Following the application of the 
Craddock test, the Don Bruno and the Petrarella 

rainfall series showed inhomogenities, so they were 
discarded because of their very low quality. In 

particular, as a result of the application of the 

Craddock test, the Petrarella rain gauge evidenced 

an underestimation of the actual rainfall data; the 

Don Bruno rain gauge not only showed an 
underestimation of the actual rainfall data, but also 

presented several missing data. Only the Outlet rain 
gauges appear homogeneous and, consequently, 

this was the only rain gauge which was used in the 

subsequent rainfall analyses. Moreover, the 
technique for filling-in missing data proposed by 

Simolo et al. (2010) was applied to this daily rainfall 
series. The reconstructed period spans from January 

1986 up to December 2002, during which a total 
amount of 33% of daily data were missing and 

required reconstruction.  

The final rainfall and runoff values are displayed 
in Figure 3, which shows that, after thinning, 

discharge, and peak flow rates increased, probably 
as a result of lesser interception losses. In particular, 

on January 2001, the highest runoff values have 

been detected (about 658 l/s); thus, rainfall did not 
show extreme value. This value can probably be due 

to a landslide which hit the basin causing the partial 
obstruction of the gauging structure. 

 

 

Fig. 3: Daily rainfall and runoff database after the 
estimation of the missing data 

 

Mean daily precipitation during the monitoring 
period was 3.32 mm with maximum daily values of 

171.2 mm in 1992 and 163.2 mm in 1994. The 
mean annual precipitation of the basin was 1194.5 

mm, with a maximum annual value of 1985.2 mm in 

1996 and a minimum annual value of 841.6 mm in 
1989. Monthly precipitation was the highest in 

winter and the lowest in summer (Fig. 4a). The 
average yearly runoff during the same period was 

11.5 l/s, the maximum annual value was 15.9 l/s, in 
1997 while the minimum was 3.4, in 1989. The 

mean monthly runoff varied between a minimum of 

3.0 l/s, in July, and a maximum of 20.2 l/s, in 
February (Fig. 4b).  

After the estimation of the missing rainfall data, 
the rainfall and the runoff data before and after the 

thinning were compared (Table 3).  
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Fig. 4: Maximum, minimum and mean monthly 
rainfall (a) and runoff (b) values evaluated in 
the whole observation period 

Table 3: Mean, minimum, maximum, and standard 
deviation daily values of rainfall and runoff 
before and after the thinning 

Rainfall 
(mm) 

Pre-
Thinning 

Post-
Thinning 

Runoff 
(l/s) 

Pre-
Thinning 

Post-
Thinning 

Mean 3.30 3.33 Mean 7.92 12.31 

Max 171.20 163.20 Max 266.94 658.86 

Min 0.00 0.00 Min 0.00 0.71 

SD 8.71 8.72 SD 15.48 21.09 

 

The magnitude of daily precipitation is similar 
during the pre- and post-thinning periods (Table 3); 

in fact from 1986 to 1993 the average rainfall is 3.30 

mm while from 1994 to 2002 is 3.33 mm. The 
thinning experiment resulted in an increase in 

runoff. Mean daily catchment runoff (i.e., the 
average value of daily runoff not including days 

without flow) during the pre-thinning period was 
7.92 l/s. During the post-thinning period, mean daily 

runoff from Bonis increased from 7.92 to 12.31 l/s, 

which means a runoff increase of about 50% after 
the thinning. The mean annual runoff coefficient 

was 0.185 before thinning, 0.347 after thinning. 
After the thinning, it increased from 0.21 to 0.29 

during autumn-winter, while in the summer season, 

the increase was higher, shifting from 0.16 to 0.41.  
Figure 5 shows the ratios between the annual 

and the mean annual values (evaluated in the period 
1986-2003) of rainfall (Fig. 5a) and runoff (Fig. 5b). 

As a result, in the post-thinning period increases in 

annual runoff almost two times the average in 1995, 

1997 and 1998 have been detected, while no 
significant differences can be noted for rainfall, with 

the exception of 1996. This result confirms that 
although no significant changes in annual rainfall 

have been detected, an increase in runoff after the 

thinning has been observed, probably as a result of 
lesser interception losses. In fact, after 1993, the 

yearly runoff values are always higher than the 
average, with the only exception of 2002. The effect 

of the thinning at the end of the measurement 
period looks similar to that at the beginning, a fact 

which can be explained considering that the canopy 

of the existing trees were getting more space after 
the thinning of their neighbors to grow out and so 

the interception increased and runoff decreased. 
 

 

Fig. 5: Ratio between the annual rainfall (a) and 
runoff (b) and the mean annual values in the 
whole observation period 

 
In order to better analyse the effect of the 

thinning on the cumulated runoff vales, the moving 

averages of the annual rainfall sum and of the 
annual runoff sum have been evaluated and 

compared in Figure 6. While a horizontal curve can 
be observed for the rainfall, a different behavior 

before and after the thinning has been detected for 

the runoff values.  
In fact, the runoff curve is horizontal or about 

horizontal before the thinning while rise after the 
thinning, which, as said before, can probably be due 

to lesser interception losses. 
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Fig. 6: Moving averages of the annual rainfall sum 
and of the annual runoff sum 

 

The comparison of the mean monthly runoff 

values before and after the thinning showed a 
significant increase in December, January and 

February, while in November and March a decrease 
in the runoff has been revealed (Fig. 7). At monthly 

scale, the silvicultural thinning appears to affect the 

winter period to a greater extent than the other 
periods; yet, although in the summer period low 

runoff values have been measured, the increase in 
runoff after the thinning in summer is similar to the 

one detected in winter, with runoff values 2 or 3 

times higher than the pre-thinning period (Fig. 7). 
  

 

Fig. 7: Comparison of the mean monthly runoff 
values before and after the thinning 

 

Finally, in order to evidence the possible change 
points in the data, the Mann-Whitney (MW) test has 

been applied. This test is an adaptation of the rank-

based Mann-Whitney test that allows to identify the 
time at which the shift occurs. The MW test indicated 

that 1994, the first year after the thinning, was the 
most probable year of variation in the mean annual 

runoff values thus confirming a statistical significant 

change in the runoff data after the thinning. 
At stand scale, analyzing 62 recorded events, mean 

interception in the thinned plot represented 47% of 

precipitation, while it was 55% in the control plot. 

Stemflow was very limited, representing 0.52% of 

precipitation in thinned plot and 0.59% in control plot. 
Forest cover reduction did not substantially alter 

components of stand water balance. Percentage 
difference between two plots (control plot and thinned 

plot) was not significant and stemflow represented a 

minimum part of incoming precipitation. These 
interception values are higher than those reported in 

other studies (Levia & Frost 2003). 
 

Ongoing research 

In May 2003, a tower for the measurement of 
fluxes with the Eddy covariance technique was 

installed in a plantation of 44-year old Laricio pines, 

in Cozzarella - Don Bruno location. Subsequently, 
the Bonis watershed was included as an associated 

site to the CarboEurope flux network and long-term 
continuous flux measurements of scalars such as 

CO2 and water vapor started to be made on a 

routine basis.  
In particular, all the data about carbon fluxes 

exchanged between atmosphere and vegetation (net 
ecosystem exchange, gross primary productivity) 

and functional relationships between plants and 
environmental parameters like soil water content 

and radiation, are collected and analyzed to 

estimate the net carbon exchange of the pine forest 
and its role in the water cycle of the watershed (see 

for details Marino et al 2005). As a result, the 
continuous monitoring of CO2 and H2O fluxes 

between canopy and atmosphere allowed the 

assessment of daily, seasonal and annual fluxes and 
the evaluation of variations over the years. Also the 

monitoring of meteorological parameters and their 
influence on canopy physiology is constantly carried 

out. It was observed that the maximum 

instantaneous values of carbon absorption (NEE, net 
ecosystem exchange) were usually recorded in July 

(21-24 µmol CO2 m-2∙s-1), whereas in January the 
CO2 uptake was the lowest of the year (about 14 

µmol CO2 m-2∙s-1). Nighttime respiration fluxes were 
similar in July-August (3-4 µmol CO2 m-2∙s-1), with 

higher values in autumn and secondly in spring 

seasons, due to higher precipitation and 
consequently higher water soil content.  

As in other Mediterranean environment, during 
the summer season, when temperature and 

radiation are very high, respiration is recorded as 

decreasing, responding to limiting soil moisture 
levels. The same happens for transpiration 

processes. Together with radiation, temperature and 
soil water content, the variation in VPD (vapor 

deficit pressure) also influences transpiration and 
respiration. In summer, when VPD increases, 

transpiration and respiration decrease, also because 
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of the closure of stomata for water conservation 

behavior. Soil water availability and atmospheric 

evaporative demand prove to be important and 
concurrent factors in determining adaptive 

responses by the ecosystem. The pine forest in the 
Bonis watershed can be considered a carbon sink 

practically all year round, with a total annual uptake 

of 1130 g C m-2 (estimated through interpolation 
method) and 1230 g C m-2 (estimated through 

average day method) (Marino et al 2005). However 
ongoing climate change can influence the sink 

capacity, since the increase in temperature and the 
contemporary decrease in precipitation during the 

summer season can lead to a lower carbon uptake. 

 

Conclusion 

In this work, the effects of forest thinning in a 

headwater basin draining a Calabrian (southern 
Italy) pine forest, at catchment scale on runoff 

generation, have been investigated.  

The rainfall dataset, obtained from three 
mechanical rain gauges (with a tipping bucket) 20 

minute-span interval, has been preliminary analyzed 
through the application of a well-known 

homogenization procedure in order to detect 
inhomogeneities in the data. Only the data from the 

outlet rain gauge emerged as homogenous and were 

used in the analysis. Specifically, rainfall data before 
and after the thinning were compared with the runoff 

data measured at the catchment outlet using a 
gauging structure, comprising a concrete-lined 

channel and a mechanical stage recorder, equipped 

with a Thomson weir at the end of the structure.  
The main effect of the thinning on the 

hydrological behavior of the studied basin consisted 
of an increase in daily and monthly runoff, probably 

as a result of lesser interception losses. In fact, from 

the comparison of the hydrological data (rainfall and 
runoff) collected before and after the thinning, an 

increase (more than 50%) in the runoff in the basin 
after the forest thinning emerged, while no 

significant differences in rainfall have been detected.  
The effect of thinning at the end of the 

measurement period (1986-2002) looks similar to 

that at the beginning, a fact which can be explained 
considering that the canopy of the existing trees was 

getting more space to grow out after the thinning of 
their neighbors, so that the interception increased 

and the runoff decreased.  

The effect of the thinning on the cumulated 
runoff values have also been analyzed by comparing 

the moving averages of the annual rainfall sum and 
of the annual runoff sum. As a result, a horizontal 

curve can be observed for the rainfall; instead a 
different behavior before and after the thinning has 

been detected for the runoff values: while the curve 

which is horizontal or about horizontal before the 

thinning, it rises after the thinning. This result has 

been confirmed through the application of the 
Mann-Whitney test, which allows the identification of 

shift in hydrological series. In fact, 1994, the first 
year after the thinning, emerged as the most 

probable year of significance variation in the mean 

annual runoff values. 
The comparison of the mean monthly runoff 

values before and after the thinning showed a 
significant increase in the winter period, even 

though the increase in runoff after the thinning in 
summer is similar to the one detected in winter, with 

runoff values 2 or 3 times higher than the pre-

thinning period.  
At stand scale, 62 events have been analyzed, 

evidencing that forest cover reduction did not 
substantially alter the components of stand water 

balance. 

In addition to the hydrological analysis, in this 
paper ongoing research (started in 2003) focused on 

the estimation of the net carbon exchange of the 
pine forest, and its role in the water cycle of the 

watershed has been presented. As a result, the pine 
forest in the Bonis watershed can be considered a 

carbon sink practically all year round. 

The results of this study have demonstrated that 
the silvicultural interventions affected the runoff 

response, thus evidencing that an appropriate forest 
management can have a key role in water 

management. Therefore, the hydrological processes 

in this mountainous area need further investigation. 
In fact, a scientifically sound knowledge of such 

hydrological processes could facilitate the 
modification of forest management in order to 

successfully combine water and wood production. 
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Introduction 

Areas with extensive and thick basaltic aquifers 

are used for drinking water production and irrigation 
purposes. Examples of such regions are the 

Columbia River Basalt Group in northwest USA and 
the Deccan Traps in India.  

The relation between rainfall, storage and runoff 

in such basaltic regions is often poorly understood, 
with over-abstraction and declining groundwater 

levels as a result (Macdonald et al., 1995, Taylor 
and Howard, 1998; Hancox et al., 2010; Liu, 1998). 

Cooling joints in basalt formations can transport  

 

large quantities of water, but have a limited 
porosity.  

Domenico & Schwartz (1998) showed that the 
representatives of physical parameters like porosity 

and hydraulic conductivity are highly dependent of 

the sampled volume (Figure 1). Only when the 
sample includes multiple flows, representative 

values can be obtained, i.e. the Representative 
Elementary Volume (REV).  

In areas where intensive water abstractions for 

drinking water production and irrigation purposes 
led to significant water level decline, attempts have 
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Abstract 

Areas with thick basaltic aquifers are used for drinking water 
supply and irrigation purposes, such as the Columbia River Basalt 
group in northwest USA and the Deccan Traps in India. However, 
rainfall-runoff processes in these basaltic areas are poorly 
understood. Cooling joints can transport large amounts of water, 
but – due to their limited porosity – they are vulnerable for over-
abstraction. On Iceland, in the small Skaftafellsheiði basaltic 
catchment (4 x 6 km), field data were collected in 2014 and 2015. 
Two small streams discharge the rain surplus. Precipitation was 
measured at various elevations on the ridge. Also, the discharge 
of the streams was measured. A groundwater flow model was 
constructed in order to get more insight in the physical properties 
of the basalt aquifer and its rainfall-runoff properties. The field 
experiments showed that precipitation increases linearly with 
surface elevation. On average, the precipitation at 800 m+msl 
was almost double, relative to the precipitation at 200 m+msl. 
Calculated ETpot was rather high, due to the 19 potential sun 
hours per day during the Icelandic summer. Field experiments 
revealed quick discharge response on rainfall events, but also 
rather constant base flow during dryer periods. This indicates a 
limited infiltration capacity, but also a considerable storage 
capacity in the subsequent layers. The peat layer is believed to be 
the dominant storage/reservoir. Peat, regolith and an organic 
layer formed the top layer in the GMS-Modflow groundwater 
model. The thick basaltic aquifer was split in a series of model 
layers. Best results were obtained by using a decreasing hydraulic 
conductivity to depth. The transient model overestimated the 
groundwater levels at the outlet, but managed to reproduce the 
wet/dry conditions in the catchment rather well. This indicates 
that it is possible to model complex basaltic aquifers, by taking a 
large Representative Elementary Volume (REV) as starting point. 

Keywords: Basalt aquifers, MODFLOW, modelling, 
Representative Elementary Volume 

 

 

Rezumat. Măsurarea şi modelarea transportului de apă 
în Skaftafellsheiði - Islanda 

Zonele cu bazalte acvifere groase sunt folosite în scopuri de 
alimentare cu apă potabilă și de irigare, cum ar fi Grupul Columbia 
River Bazalt în nord-vestul SUA şi Deccan Traps in India. Oricum, 
procesele de precipitații-scurgere în aceste zone bazaltice sunt 
insuficient înțelese. Fisurile de răcire pot transporta cantități mari 
de apă, dar - datorită porozității lor limitate - acestea sunt 
vulnerabile pentru captări in exces. In Islanda, în micul bazin 
hidrografic bazaltic Skaftafellsheiði (4 x 6 km), datele de teren au 
fost colectate în 2014 și 2015. Două râuri cu debite mici au 
tranzitat ploaia netă. Precipitația a fost măsurată la diferite 
altitudini pe cumpănă de apă. De asemenea, au fost măsurate şi 
debite de apă din râuri. Un model de curgere a apelor subterane a 
fost elaborat pentru a obține o imagine mai în detaliu asupra 
proprietăților fizice ale acviferului bazaltic și a proprietăților 
procesului precipitații-scurgere. Experimentele de teren au arătat 
că precipitațiile cresc liniar cu înălțimea suprafeței. În medie, 
precipitațiile la 800 m + MSL au fost aproape duble, în raport cu 
acela de la 200 m + MSL. ETpot calculată a fost destul de mare, din 
cauza celor 19 ore potențiale de soare pe zi din timpul verii 
islandeze. Experimentele pe teren a relevat un răspuns rapid al 
debitelor asociate unor ploi şi constanța scurgerii de bază, în 
timpul perioadelor uscate. Aceasta indică o capacitate de infiltrare 
limitată, dar și o capacitate de stocare considerabilă în straturile 
subsecvente. Stratul de turbă este considerat a fi dominant în 
cantonarea resurselor de apă. Turba, regolitul și un strat organic 
format stratul superior au fost rulate prin programul de modelare 
a apelor subterane GMS-Modflow. Depozitele acvifere bazaltice au 
fost modelate prin metoda multistrat. Cele mai bune rezultate au 
fost obținute considerând scăderea conductivității hidraulice cu 
adâncimea. Modelul tranzitoriu a supraestimat nivelurile apelor 
subterane de la priză, dar a reușit să reproducă destul de bine 
condițiile umed/uscat din bazinul hidrografic. Acest lucru indică 
faptul că este posibilă modelarea complexă a acviferelor bazaltice, 
plecând de la un Volum Elementar Reprezentativ (VER) extins. 

Cuvinte-cheie: acvifere bazaltice, MODFLOW, modelare, 
Volum Elementar Reprezentativ 
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been made to measure the water balance terms 

(precipitation, actual evapotranspiration, storage 

change, discharge) in relation to the water 
abstraction (Candel, 2014; Candel et al., 2016).  

 

 

Fig. 1: Representative Elementary Volume in basalt 

(Domenico & Schwartz, 1998) 

In order to calculate scenarios for future water 

use, often groundwater models are developed for 

these regions.  
A major problem for groundwater modelling is 

the limited accessibility of the basalt aquifers for 
measuring its physical properties. Therefore, field 

experiments were performed at Skaftafellsheiði, 

southeast Iceland. Skaftafellsheiði is a small basaltic 
catchment (4 x 6 km), (Pyatt & Ditcham (1983), 

with elevation levels ranging from 1000 m+msl in 
the north to 100m+msl in the south (see Figure 2).  

The basalt layers origin forms a periglacial period 
in Late-Tertiary (4-5 MA ago). The flows are 

interbedded with some sedimentary interbeds 

(Helgason & Duncan, 2001). During Pleistocene 
deep gullies were formed through glacial erosion, 

leaving behind an isolated 1800 m high basaltic 
ridge with multiple basalt flows. During maximum 

glaciation, not only the valleys were filled with ice, 

but also the ridge was almost completely covered by 
the glacier. The ridge has two main streams which 

did cut into the upper basalt layers during Holocene. 
This explains the morphology of the basalt 

formations, with its rounded top, steep slopes 
towards the glacier valleys and V-shaped stream 

incisions. The basalt formations are locally covered 

with some thin organic layers (peat) and/or some 
weathered basalts (regolith layer). This makes the 

area suitable for fundamental research on water 
flow through basalt formation.  

 

 

Fig. 2:  Map of Iceland (a), elevation map of Skaftafellsheiði and surroundings (b) (Kooi, 2015), adjusted 
from LMI (2014) and catchment boundaries and streams on Skaftafellsheiði (c)

 

Field campaign setup 

Iceland is known for its pronounced orographic 

effect on rainfall distribution (VEDUR, 2016). Rainfall 
ranges from > 4,000 mm∙y-1 at the upwind side of 

topographic obstructions (volcanoes, glaciers) to > 

400 mm∙y-1 at downwind regions. In order to get a 
view on all the water balance components, thus also 

on the spatial distribution of precipitation on the 
Skaftafellsheiði, a set of 7 rain gauges (totalizers) 

was installed (see Figure 3).  
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Fig. 3: Locations of rain and discharge 

measurements sites in the Skaftafellsheiði 
catchment - letters refer to west (W) and east 
(E) and numbers to elevation in m+msl; 
background image adjusted from 
GoogleEarthPro by Avis (2016)  
 

One gauge was installed at the outlet in the 

south tip of the catchment, at an elevation of 100 
m+msl, and pairs of rain gauges at 300, 500 and 

700 m+msl at the eastern stream (Eystragil) and 
western stream (Vestragil), respectively. All gauges 

were measured at a daily basis.  

Discharge was measured at the outlet of both 

streams, by using automatic pressure transducers 

with a measuring interval of 15 minutes. Manual 
discharge measurements were done at a daily basis. 

In the highest part of the catchment, snow was 
present. Since snow melt contributes to the 

discharge a time lapse camera was installed, 

imaging every 30 minutes.  
Snow coverage was combined with a digital 

elevation model to estimate the snow volume. A 
density of 0.6 m3 water per m3 snow was used for 

conversion snow to water equivalent.   
Evapotranspiration was derived by using the 

Hargreaves-Samani equation (Hargreaves & Samani, 

1982; Samani, 2000). Reference evapotranspiration 
(ETref) was translated to potential evapotranspiration 

(ETpot) for the different vegetation zones, i.e. 
deciduous forest, grassland and peat/moss/shrubs. 

The deciduous forest can be found at the elevation 

zone 100 – 200 m+msl, and consists predominantly 
of small birch (Betula) trees.  

In the range 200 – 400 m+msl the vegetation 
gradually changes to dwarf shrubs and heathland. 

Above 400 m+msl an alpine zone is found, with 
peat, moss and dwarf shrubs.  

Table 1 shows the parameters used to get to 

ETpot. 
 

Table 1: Evapotranspiration parameters related to land cover 

Vegetation 
Kt 
(-) 

Coverage (-) 

Average 

maximum height 
(m) 

Dominant species 

Deciduous forest 0.9 0.9 2 Birch,willow 

Peat (willow) 0.9 0.8 0.3 Willow,moss 

Peat (bog) 0.9 1 0.3 Moss, grass 

Peat (forest) 0.9 1 1.8 Willow, grass 

Peat (grass) 0.9 1 0.1 Grass 

Moss 0.15 0.6 0.1 Moss, crowberry 

Regolith vegetated (west) 0.5 0.6 0.3 Moss, heather, willow, birch 

Regolith vegetated (east) 0.4 0.3 0.2 Moss,willow, birch 

Regolith bare 0.2 0 0 - 

Based on Allen et al. (1998) it was chosen to use 
an equation with a single crop factor, which was 

corrected for the relatively large portion of bare 

rock, see equation 1 and 2. 
 

𝐸𝑇𝑎𝑐𝑡 = 𝑓𝑐×𝐾𝑡×𝐸𝑇0 (1) 

𝐸𝑇𝑧𝑜𝑛𝑒 = 𝐸𝑇𝑎𝑐𝑡 + (1 − 𝑓𝑐)× 𝐾𝑡,𝑏𝑎𝑟𝑒 𝑟𝑜𝑐𝑘×𝐸𝑇0 (2) 

where: 
ETact = actual evapotranspiration of the 
vegetation (mm∙d-1); Kt = crop factor (-) 
ET0 = reference evapotranspiration (mm∙d-1) 
Fc = vegetation coverage (-) 

ETzone = actual evapotranspiration of the 
vegetation, compensated for bare rock (mm∙d-

1) 
An indicative water balance was constructed, 

with for P and ET a 20 m grid. For the period 19 Jul 

– 3 Sep 2015 the following water balance was used 
(Equation 3). 

 
∆𝑆 = 𝑃 + 𝑀 − 𝑄 − 𝐸𝑇 (3) 

where: 
ΔS = storage change (m3) 
P = precipitation (m3) 
M = snow melt (m3); Q = discharge (m3) 

ET = evapotranspiration (m3) 
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Modelling setup 

The model boundary was topography based 
(LMI, 2014). The western model boundary was a bit 

uncertain, since many small streams discharge water 

over the steep western slope towards Morsádalur. 
Nevertheless, for all boundaries no-flow Neumann 

boundary conditions were applied. The base of the 
model was set to 90 m+msl, which is 10 m lower 

than the outlet level (100 m+msl). The grid consists 

of cells of 50x50 m and has 10 model layers. See 
Figure 4 and Table 2 for the model setup and 

hydrogeological properties of the materials. The 
basalt was divided in 7 model layers. These are not 

actual basalt flows, but enabled us to decrease the 
hydraulic conductivity (m∙d-1) to depth.  

Hydraulic conductivity for fractured and 

weathered basalts varies between 10-4 and 102 m∙d-

1, where the highest conductivities were found in 

Hawaian basalt formation (Singal & Gupta, 2010). 

Some hydraulic conductivities were derived from 

fracture desity and fracture with measurements at 
Svartifoss waterfall and Reynisfjara. The found 

values of 12 and 16 m∙d-1 for the horizontal and 
vertical hydraulic conductivity (kh and kv, 

respectively) are within the abovementioned range. 

Due to columnar basalt jointing, strong anisotropy 
occurs, with within the basalt formation a relatively 

low kh  and a relatively high kv. For the upper layers, 
kh was set to 0.3 m∙d-1 (Kooi, 2015). Due to a higher 

pressure on the fractures and therefore a smaller 
fracture with, the kh and kv of the deeper basalt 

layers was set to 0.01 m∙d-1 (Singal & Gupta, 2010). 

At the southern tip of the model the top basalt layer 
(basalt 1) the kh was increased to 12 m∙d-1. This is in 

line with the values found at Svartifoss. This 
adjustment resulted in a reduction of flooded cells.   

 

                             Fig. 4: MODFLOW model setup 
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Table 2: Materials and physical properties of model layers 

Material 
Thickness 

(m) 
Horizontal hydraulic 
conductivity (m∙d-1) 

Vertical hydraulic 
conductivity (m∙d-1) 

Specific storage 
(m-1) 

Specific 
yield (-) 

Organic soil 0.5 5 5 1 10-6 0.08 

Peat 2 – 4 5 5 1 10-6 0.2 

Regolith 2 10 10 1 10-6 0.4 

Basalt 1 1 – 134 0.3 10 1 10-6 0.4 

Basalt 2 1 – 134 0.3 0.3 1 10-6 0.4 

Basalt 3 – 7 1 – 134 0.01 0.01 1 10-6 0.4 

Field campaign results 

In Figure 5 the relation between precipitation 

(mm) and discharge at the outlet of both streams 

(m3∙s-1) is given. Water level was measured by 
automatic pressure transducers and by manual 

measurements, with automatic 3 and 4 measuring 
the water level at Eystragil and automatic 1 and 2 

measuring water level at Vestragil. Water levels 

were converted to discharge (Q in m3∙s-1) through a 
rating curve.  

The first part of the short intensive measurement 
campaign was relatively dry. Discharge hardly 

responded to rainfall events, indicating sufficient 
storage capacity. From 12 August 2015 onwards a 

wet period started. First this led to small peaks and 

an increase of baseflow, but the rainfall events on 
22 and 23 August 2015 caused a significant 

discharge peak. Apparently the storage capacity of 
the catchment was exceeded at that point.  

 

 
 

 
Fig. 5: Precipitation and discharge of: Eystragil – 

eastern stream (up) and Vestragil (western 
stream) at the catchment outlet (down) 

 
A significant relation between precipitation and 

elevation was found. The linear relation appeared to 
be slightly steeper in the Eystragil catchment than in 

the Vestragil catchment, see Figure 6. This led to a 

linear relation for the whole catchment: equation 4. 
 

 

 
Fig. 6: Relation between elevation and 

precipitation sums in the period 12 Jul – 6 
Sep 2015 for the entire catchment and both 
sub-catchments 

 

P = 0.17H + 129.56 (4) 

where: 
P=total precipitation in the measurement period 

(12 Jul – 6 Sep 2015; mm);  
H=Elevation (m+msl) 
 

Evapotranspiration was calculated for different 

vegetation types at 500 m+msl and for deciduous 
forest in mm∙d-1 for the range 100 – 1100 m+msl. 

Figure 7 and 8 show the results of these 

calculations, respectively. In Figure 7 peat (bog) 
and peat (forest) are not visible because they 

coincide with peat (grass). Different vegetation 
type/land cover combinations resulted in distinct 

differences in ETact. Peat (grass/bog/forest) 

proved to have the highest ETact and moss the 
lowest, with ETact values three times less than 

peat. The relatively high ETact values in July are 
due to the combination of relatively high 

temperatures and long day light. The differences 
are getting smaller as the day length shortens and 

the temperature drops.  

ETact averaged for the total period, vegetation 
types and elevations is 1.4 mm∙d-1. Averages of 

ETref of 3.5 and 2.6 mm∙d-1 were found for July 
and August 2015, representative for an elevation 

of 100 m+msl. Einarsson (1972) reported an ETref 

of 3.1 and 2.2 mm d-1 for July and August at 
Kirkjubæjarklaustur, respectively.  This indicates 

that the calculated ETref and ETact is a reasonable 
estimation for the catchment.  
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Fig. 7: ETact at 500 m+msl for each vegetation  type 

in combination with underlying material 

 

 
Fig. 8: Calculated Etact for deciduous forest for 

every 100 m elevation increase 

 

Table 3 shows the simplified water balace for the 
catchment. Under the (debatable) assumption of 

accurate values for all balance terms, it can be 

concluded that there was a small change in storage.  
Surface runoff can occur in the catchment, 

caused by major precipitation events. However, 
surface runoff feeding the discharge at the outlet 

seems to be a minor portion of the total. 
 

Table 3: Water balance, period 19 Jul – 3 Sep 2015 

Water balance 
(elements) 

P M Q ETact ΔS 

106 m3 2.05 0.24 1.49 0.66 0.14 

Values (mm) 206 25 150 67 14 
Note: P =  precipitation; M = snow melt; Q  = discharge; ETact = 
Actual evapotranspiration of the vegetation; ΔS = storage 
change. 

 

Modelling results 
Steady state modelling results in discharges at 

the outlet for Vestragil and Eystragil of 22 400 and 7 

100 m3∙d-1, respectively, where the field 
measurements result in average discharges of 18 

500 and 13 100 m3∙d-1. Measured and calculated 
discharges differ per stream, but the total calculated 

discharge (29 500 m3∙d-1) is in line with the total 

measured discharge (31 600 m3∙d-1).  
The hydrographs of Eystragil and Vestragil show 

that overland flow can occur during (very) wet 
conditions, but the relative portion seems to be 

smaller than the inaccuracies of the other water 
balance components.  

Figure 9 shows the calculated head distribution.   

 

 

Fig. 9: Head distribution in the model area, using 
the measured hydraulic conductivities 

Fractured rock aquifers often show a large degree 

of heterogeneity (Wellman & Poeter, 2005). This 

heterogeneity is dependent on scale (see Figure 1).  
When the sampling domain comprises a domain 

of multiple flows (scale D in Figure 1), then a 
representative parameter value can be found. At this 

scale, no detailed information about fracture 

orientation, fracture density, fracture aperture, 
degree of connectivity and smoothness of fractures 

is required, since they are inside the sample volume. 
At that point, Darcy’s law can be applied to describe 

the water flow. 

Conclusion 

When discharge observations in streams are 

combined with groundwater head observations, it is 

possible to calibrate a rather simple groundwater 
flow model and obtain reasonable hydraulic 

conductivity values for the basalt layers. It must be 
noted that the calibrated hydraulic conductivities 

depend on how the basalt layers are implemented.  

In this study, the model layers do not reflect 
single basalt layers of sub-aquifers, but represent 

multiple flows and thus resemble representative 
elementary units. 
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Introduction 

Small sensors and actuators are more and more 

used nowadays to extract knowledge about water-
related problems. With the dawn of the Internet of 

Things (IoT), devices ranging from sensors 
monitoring the water pressure or leaks, to actuators, 

to even building, connect over the Internet. 
Infrastructures are being built to connect and collect 

data from the most diverse kind of devices 

monitoring water-related resources. Platforms such 
as InfluxData are constructed for information 

analytics, with a specialization on water  
 

 

management. Examples of IoT water-management 
applications include: 

• Smart irrigation with IoT: Smart irrigation 

replaces existing irrigation controllers (which are just 
simple timers), with cloud enabled smart irrigation 

controllers that apply water based on plant need 
(i.e., type of crop) and weather. Moreover, with flow 

sensors and real-time alerts, property managers and 

landscape contractors can be alerted the second 
something goes awry, which if your site has any 

significant landscape at all, you know this can 
happen quite frequently. Examples of such systems: 

HydroPoint’s WeatherTRAK® smart irrigation system 

(Khelifa et al., 2015); 
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Abstract 

Water is an essential, limited and sensitive life resource, and it is 
in focus of various persons or groups, from simple citizens to 
decision persons at country/world level, and, of course, also of 
scientists from different research fields. Water resource dynamic 
consequences exceed watersheds or water systems. Due to the 
support of new technologies, researches like people, water, and 
climate: adaptation and resilience in agricultural watersheds, 
developed a better understanding of the processes that link 
global-scale climate and socioeconomic drivers to regional-scale 
responses in land use decision-making, water quality, and water 
quantity. Recently, Cloud Computing emerged as the de facto 
state-of-the-art for data analytics. We require optimized 
platforms to co-locate data and computation and therefore 
mitigate the network bottleneck when moving data. However, as 
data may not be equally distributed across sites and since 
intermediate data are required to be aggregated to produce 
results, Cloud computing platforms may suffer severe 
performance degradation in such distributed settings. Thus, in 
our research activities we intend to address smart data 
extraction for water resource management, to explore new data 
distribution techniques and decision support systems that can 
co-operatively deal with distributed big data processing for 
single and multiple concurrent applications. Another challenging 
issue is to provide real-time analysis of shared and distributed 
data. While most real-time processing engines can efficiently 
benefit of the un-debatable performance of in-memory 
processing, they don’t consider the data management during 
data processing (i.e. where to store the intermediate temporary 
data) or dependencies in-between processed data, which are 
common in environmental applications. In this case, 
mathematical models represent suitable instruments used in 
prediction and prognosis model for different parameters (i.e. 
water quality index), which are important for decision support 
systems for water resource management. 

Keywords: water resources, smart data, big data, Cloud 
computing, decision support systems 

Rezumat. Procesarea inteligentă a datelor pentru 
managementul resurselor de apă 

Apa este o resursă esențială, limitată și sensibilă pentru viață, 
resursele de apă fiind în centrul atenției diferitelor persoane sau 
grupuri, de la simpli cetățeni la persoane de decizie la nivel de 
țară/nivel mondial, un interes ridicat fiind arătat și de oameni de 
știință din diferite domenii de cercetare. Consecințele dinamice a 
managementului resurselor de apă au ca punct central depășirea 
capacitații bazinelor de captare. Datorită suportului noilor tehnologii 
legate de adaptarea și capacitatea de adaptare în bazine 
hidrografice agricole, s-a dezvoltat o mai buna înțelegere a 
proceselor care se leagă de climă și a proceselor socio-economice în 
managementul resurselor de apă și oferă autorităților la scară 
globală răspunsuri ce se pot aplica la scară regională în luarea 
deciziilor cu privire la calitatea apei și cantitatea de apă folosită 
pentru consum. Recent, Cloud Computing a apărut ca un standard 
de facto pentru analiza de date. Necesitatea platformelor optimizate 
pentru a localiza date și a oferi resurse de calcul este o cerință 
impusă în serviciile de management global al resurselor de apă. Cu 
toate acestea, deoarece datele nu pot fi distribuite în mod egal și 
deoarece sunt necesare date intermediare să fie agregate pentru a 
produce rezultate corecte, platformele de calcul Cloud pot suferi o 
degradare de performanță severă. Astfel, în activitățile noastre de 
cercetare ne propunem să abordăm o extragere de date inteligentă 
pentru gestionarea resurselor de apă, pentru a explora noi tehnici 
de distribuție a datelor și a sistemelor de suport decizional, care pot 
coopera în prelucrarea datelor mari distribuite pentru aplicații 
concurente. O altă problemă dificilă este crearea unei analize în 
timp real a datelor partajate și distribuite. Cele mai multe platforme 
de procesare în timp real pot oferă performanțe atunci când datele 
sunt ținute în memorie, dar ele nu consideră managementul datelor 
în timpul procesării acestora sau a dependențelor în între datele 
prelucrate , care sunt comune în aplicații de mediu. In acest caz, 
modelele matematice reprezintă instrumente adecvate folosite în 
modelul de predicție și prognoză pentru diferiți parametri (indicele 
de calitate a apei), care sunt importante pentru sistemele de 
asistare a deciziilor în procesele de gestionare a resurselor de apă. 

Cuvinte-cheie: resurse de apă, procesare inteligentă a datelor, 
date masive, sisteme distribuite, sisteme de luare a deciziilor 
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• Smart water meters with IoT: A smart water 
meter (device) can collect usage data and 

communicate it wirelessly to the water utility 

company, where analytics software reports the results 
on a web site to view. Examples of such systems: 

One of the largest pilot programs of smart meters 
and related water management software platforms (a 

smart water management network) is in San 

Francisco. Water consumption is measured hourly 
and data is transmitted on a wireless basis to the 

utility four times a day. Both the utility and customers 
can track use. A pilot program in the East Bay 

Municipal Water District, which targets mostly single-
family homes, provides a daily update of hour-by-

hour consumption via a website. Consumers can be 

alerted, for example, by email or phone call, when 
water use exceeds a specified limit or when a meter 

indicates continuous running water for 24 hours. A 
customer can further view the data as it comes in, as 

well as compare their numbers with past use and city 

averages. The usage data should eventually result in 
alerts for leaks (by comparing how the readings in 

consecutive water meters) (Friess, 2013); 

• Determining water demand in a city: One of 
the crucial challenges of water management as well 

as conservation in a city is to determine the amount 
of water that any city is going to utilize during the 

next day. This can be calculated to precision with 

the use of predictive analytics. Recently, IoT was 
employed for this purpose, where dedicated 

platforms keep a track on the history of water 
consumption in the city on any given day. Based on 

the historical data collected and analyzed by 

predictive analytics and combined with the 
consideration of special events, holidays, as well as 

the weather in that city, we can determine the 
amount of water that the entire population is going 

to consume in one day. The Internet of Things 
technology also helps in scheduling the maintenance 

as well as shutdown of pumps on a regular basis. 

There are optimization techniques which can 
beforehand convey to the residents of a city 

regarding the unavailability of water during any 
point of time. This helps the water regulation 

authorities in not only meeting the adequate water 

demands in a city; rather it also aids in the 
conservation of resources and energy. 

In this paper, we analyze some of the decision 
factors when you are faced with decisions related to 

how to construct a water-management ICT support 

tool. The solutions presented in the first part of the 
paper are a collection of exiting models and 

technologies. In the second past, a Cloud-based 
application is presented. This application compute 

the Universal Water Quality Index (UWQI) 
(Boyacioglu, 2007). 

 

Data integration, aggregation, and 
representation 

The first decision relates to making decisions on 

the data formats and support to use, for the data 
you intend to collect. For water management, 

models can be derived from analysis and 

observation of the natural world (just by look at the 
water-related phenomenon).  However, such models 

are prone to potential misunderstanding if they do 
not adhere to standards. Thus, a better approach is 

to rely on an open and integrated planning 

processes such as Integrated Water Resource 
Management (IWRM) (Voinov et al., 2008). 

In water management, researchers and 
practitioners tend to agree that each case use best a 

tool or different model - it is simply up to the 
planner to select the best approach. In this sense, 

the Global Water Partnership, one of the largest 

forum crated around the IWRM concept, crated a 
set of policies and approaches they recommend to 

practitioners interested in the implementation of 
IWRM. Their recommendation includes references to 

a set of Management Instruments, which are the 

proposed techniques to control water supply and 
demand. For these techniques, many models have 

been designed to facilitate integration between 
various aspects of catchment hydrology, including 

surface water, groundwater, vegetation, ecology, 
and even agricultural economics. Examples include 

NELUP (O'Callaghan, 1995), MIKE SHE (Refsgaard et 

al., 1995), and TOPOG (Vertessy et al., 1994). Such 
types of model are excellent for water resource 

assessments and impact on the environment, but in 
most cases, they do not link directly to the wider 

social, cultural, and economic aspects of water 

management. Which is why researchers have 
proposed decision support systems (DSSs), as 

complementary tools to models. A DSS is a means of 
collecting data from many sources to inform a 

decision. Information can include experimental or 
survey data, output from models or, where data is 

scarce, and expert knowledge. 

DSS tools and models were proposed in various 
studies about water monitoring/management (De 

Zwart, 1995), and are usually specifically tailored for 
one problem, to sustain the case being presented in 

each work. For example, diffuse of pollution from 

nutrients, namely nitrogen and phosphorus was 
presented in a vast study in (Munafo et al., 2005). 

As the article specifies, the number of chemicals 
released into surface water bodies is extremely 

large; their dynamics are complex and it is difficult 

to measure the global impact. The European 
inventory of existing chemical substance (EINECS) 

identified more than 100,000 chemicals, but there is 
not satisfactory knowledge of their routes of entry 

into surface waters yet. Furthermore, EINECS is 
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likely to have underestimated the number of 

pollutants, for it does not consider all by-products 

deriving from physical, chemical, and biological 
degradation (Geiss et al., 1992). The management 

of non-point pollution of rivers and its prevention 
are priority factors in water monitoring and 

restoration programs. 

The scientific community proposed many models 
for depicting the dynamics of pollutants coming from 

diffuse sources. In fact, most of them can be 
grouped into two broad categories: statistical 

models and physically based models. A major 
drawback of statistical or physically based models 

for non-point pollution is the large amount of data 

required both as input and for calibration and 
validation of the model. Other possible problems are 

long computing time, complexity related to the 
development of appropriate models, and the highly 

skilled operators required for using them. More 

recently, the potential non-point pollution index 
(PNPI) was proposed as s a GIS-based, watershed-

scale tool designed using multi-criteria technique to 
pollutant dynamics and water quality (Munafo et al., 

2005). The method for calculating PNPI follows an 
approach quite like the environmental impact 

assessment. The pressure exerted on water bodies 

by diffuse pollution coming from land units is 
expressed as a function of three indicators: land 

use, runoff, and distance from the river network. 
They are calculated from land use data, geological 

maps and a digital elevation model (DEM). The 

weights given to different land uses and to the three 
indicators were set per experts’ evaluations and 

allow calculation of the value of the PNPI for each 
node of a grid representing the watershed; the 

higher the PNPI of the cell, the greater the potential 

impact on the river network. 
Among the tools to support hydrological 

modelling and decision-making, Geographical 
Information System (GIS) is highly regarded as an 

important instrument for data management. For 
example, even when surface water and groundwater 

are modelled separately, GIS can support an 

integration between them (Facchi et al., 2004). For 
example, modelling software like Mike BASIN is 

selected often by different authors to model surface 
water. Groundwater models are also available are 

available in the ASM (Aquifer Simulation Model) 

software. When both surface water and 
groundwater need to be modeled together, both for 

quantity and quality evaluations, such tools (the 
complexity comes from the integration of the models 

these two provide) can be by means of a GIS, to 
support efficient data management. Such an 

approach was demonstrated in (Jain et al., 2004), 

where authors developed a process oriented 
distributed rainfall runoff model which used a GIS to 

generate model inputs in terms of land use, slope, 

soil and rainfall. This allowed the model to handle 

catchment heterogeneity.  

Similarly, the GIS software ArcView, developed 
by ESRI, combines several capabilities for mapping 

systems along with the ability to analyze geographic 
locations and the information linked to those 

locations. A powerful feature of ArcView GIS is the 

ability to carry out mathematical and logical 
operations on spatial data. Furthermore, tabular 

data from Arcview dBASE files can be created or 
manipulated using Microsoft Excel, which is useful in 

facilitating the integration of ArcView with other 
software.  

MIKE BASIN, developed by DHI software, is an 

extension of ArcView, which uses GIS information as 
a basis of a water resources evaluation (Hughes and 

Liu, 2008). Crucially, MIKE BASIN adds to ArcView 
the capability to deal with temporal data, in addition 

to the spatial data stored in the GIS. MIKE BASIN is 

a water resources management tool which is based 
on the basin-wide representation of water 

availability. Rivers and their main tributaries are 
represented mathematically by a network of 

branches and nodes. Nodes are point locations, 
where it is assumed that water enters or leaves the 

network through extractions, return flow and runoff. 

These may be confluences, diversions, locations 
where certain water activities occur (such as water 

offtake points for irrigation or a water supply), or 
important locations where model results are 

required. Rainfall-runoff modelling can be carried 

out in MIKE BASIN using NAM (Nedbor Afstromnings 
Model), a lumped, conceptual rainfall-runoff model 

suitable for modelling rainfall-runoff processes on 
the catchment scale. This can be used to simulate 

overland water flows, for example. 

Aquifer Simulation Model for Microsoft Windows, 
is a complete two-dimensional groundwater flow and 

transport model. ASM include the instruments to 
model either confined, and unconfined aquifers. For 

modelling an aquifer as a confined aquifer, the 
governing equations are based on transmissivity 

parameters, which are fixed because the saturated 

depth is fixed (when the water level in the aquifer 
drops below the confining layer, the saturated depth 

of the aquifer decreases, as does the transmissivity; 
thus, strictly speaking, the model is fundamentally 

flawed in this manner). For a steady-state model, 

the groundwater levels do not change once the 
solution has converged. Therefore, in such a model 

the transmissivity is effectively fixed, meaning the 
basic assumptions are still valid, however the data 

used to define the model should be based on 
measured or calibrated transmissivity and not on 

measured hydraulic conductivity. This also means 

that only steady-state analysis can be carried out 
with this model. 
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But the power of such modeling tools can be use 

when combined. As a pioneer case study, authors in 

(Ireson, 2006) proposed a methodology for loosely-
coupling the MIKE BASIN with the ASM provided 

water models, and demonstrate a series of what-if 
scenarios for the effect of dams on the groundwater. 

 

Collecting the data 

 In Europe, participation in water resource 

planning gained a new institutional stature with the 
Water Framework Directive (WFD). This calls for the 

active involvement of all interested parties in the 
implementation process and particularly in the 

production, revision, and updating of River Basin 
Management Plans (Article 14; Council of the 

European Communities, see (EC, 2000). Planning 

methods that combine public participation with 
decision-making functions are therefore increasingly 

in demand (EC, 2002).  For example, several 
hydrography databases exist for the EU water 

studies that include rivers and lakes coverages. The 

catchments have been derived from a hierarchical 
river network, together with climate data provided 

for over 5k stations in all EU member states, 
collected by the monitoring agriculture with remote 

sensing (MARS) project (Vossen, 1995). The two 
main climatic variables are precipitation (average, 

maximum 24 h rainfall, number of rain days, 

average snowfall, number of snowfall and snow 
cover days) and temperature (average, maximum, 

minimum, absolute monthly maximum and 
minimum, number of frost days). Other climate 

attributes include, relative humidity, air pressure, 

atmospheric pressure, bright sunshine, 
evapotranspiration, wind speed, and cloud cover.  

Many more such initiatives were developed in the 
last years. The Waterkeeper Alliance, for example, 

developed programs (e.g., Riverkeeper, Lakekeeper, 

Baykeeper, and Coastkeeper) for ecosystem and 
water quality protection and enhancement, with 

major pilots in USA, Australia, India, Canada and the 
Russian Federation (Mohn, 2006). The URI 

Watershed Watch Program produces quality data 
from over 200 monitoring sites statewide (and 

citizens are encouraged to participate as active data 

readers). Produced and processed in certified 
laboratories, this information is used by the Rhode 

Island Department of Environmental Management 
for assessing the State’s waters, as well as by 

municipal governments, associations, consulting 

firms and residents for more effective management 
of local resources. Similarly, Florida’s LAKEWATCH 

program is one of the largest US lake monitoring 
programs in the nation with over 1800 trained 

citizens monitoring 600+ lakes, rivers and coastal 
sites in more than 40 counties. Volunteers take 

samples to collection sites located in 38 counties 

(Canfield et al., 2002). 

Normally the use of water for productive 
activities is prohibited in the domestic distribution 

systems in many parts of the globe, but because 
these activities sustain in some places the rural 

poor, users withdraw water for unauthorized 

productive uses or alternatively water designated for 
irrigation is used to meet their domestic needs (Van 

der Hoek, 1999), leading to low availability and low 
quality of water. The use of “potable” water for all 

activities has become common, and other sources 
such as rainwater harvesting or grey-water re-use 

have been largely ignored in much of Latin America, 

for example (Restrepo, 2005). One factor that 
impedes decision making to improve water services 

in rural areas is the lack and inconsistency of 
information on water consumption, availability and 

quality (Roa et al., 2008). Without data, users 

cannot demonstrate causes of contamination and/or 
over exploitation of the resource, limiting their ability 

to lobby local authorities for improvements. Knowing 
water needs, water availability and the way human 

activities are affecting the resource, permits a 
diagnostic of overall watershed conditions, and the 

determination of priority sites for intervention.  

In Romania authors in (Teodosiu et al., 2013) 
present a case study of how public participation, 

within the context of Integrated Water Resources 
Management (IWRM), promoted by promoted by the 

Global Water Partnership (GWP).  IWRM is defined 

as “The process that promotes the coordinated 
development and management of water, land, and 

related sources to maximize the resultant economic 
and social welfare in an equitable manner, without 

compromising the sustainability of vital ecosystems” 

(GWP, 2000). The implementation of IWRM requires 
a participatory approach (Odendaal, 2002). It means 

that water management authorities should involve 
relevant stakeholders, such as representatives of 

water companies, industry, municipalities, 
agriculture, services, environmental protection 

agencies, non-governmental organizations (NGOs), 

universities and research institutions in planning, 
decision-making and implementation, instead of 

adopting a top-down approach (Casteletti et al., 
2007).  

The importance of public participation (PP) in 

water management is also recognized by the 
European Commission through its Water Framework 

Directive (WFD, 2000/60/EC), which was the first 
directive that explicitly asks member states to inform 

and consult the public. Other directives, for 
example, on environmental assessments 

(2001/42/EC) and floods (FD, 2007/60/EC), have 

introduced similar requirements. 
The implementation of these requirements is 

particularly challenging for new member states of 
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the European Union (EU), many of them being post-

communist countries. These countries are 

characterized by major environmental problems, and 
although the European requirements have been 

transposed into national legislation, practical 
application of PP is still lagging (Kremlis and Dusik, 

2005). The governments of these new EU members 

rather give priority to the establishment of 
competitive markets and liberalization, while 

neglecting the development and empowerment of 
strong civil society representatives that would play 

active roles in the implementation of IWRM. 
In Romania, besides the huge challenge of 

complying with the water quality standards of the 

WFD, there are serious issues to be addressed 
within the development of effective public 

participation. The case studies in (Teodosiu et al., 
2013) show that the role of PP in dealing with these 

challenges is still limited. The first case shows that 

the traditional stakeholders, especially the water 
management authorities, still see PP as a simple 

formal requirement for the implementation of the 
WFD. Other stakeholders, especially NGOs and 

water users, feel the need for better representation 
and involvement, not only in public information and 

consultation activities, but also in the decision-

making processes.  
In practice, as the case of formal participation in 

the development of river basin management plans 
shows, stakeholders are often very passive in 

reacting on plans. And, when stakeholders are 

engaged in an early stage of the planning process, 
as is shown in the case of active stakeholder 

involvement, authorities are reluctant to use the 
results. 

For data collection, more recently people turned 

their attention towards what is called Participatory 
Sensing (Campbell et al., 2006). Unlike the 

traditional questionnaire-based collection processes, 
participatory sensing relies on electronic means 

widely available for collecting the data with the help 
of ordinary people. As mobile phones, have evolved 

from devices that are just used for voice and text 

communication, to advanced platforms that can 
capture and transmit a range of data types (image, 

audio, and location), the adoption of these 
increasingly capable devices by society has enabled 

a potentially pervasive sensing paradigm - 

participatory sensing. A coordinated participatory 
sensing system engages individuals carrying mobile 

phones to explore phenomena of interest using in 
situ data collection (Paulos et al., 2008). By enabling 

people to investigate previously difficult to observe 
processes with devices they use every day, 

participatory sensing brings the ideals of traditional 

community based data collection and citizen science 
to an online and mobile environment, while offering 

automation, scalability, and real-time processing and 

feedback (Cooper et al., 2007). In participatory 

sensing, individuals explicitly select the sensing 

modalities (they are in control of their privacy-
related data) to use and what data to contribute to 

larger data collection efforts. 
 

Processing large amount of data, its 
efficient and secure storage, data 
processing and sharing  

The next step after deciding on the right models 

and tools to describe the problem at hand, is to 
consider how to process and extract useful 

knowledge out of large amounts of data potentially 

being captured and stored from water-related 
sensors. Several choices for runtime environment to 

help distribute the data analytics processing are 
presented below (our original analysis on the topic 

was previously published in (Dobre and Xhafa, 
2014)). The hardware support of 

parallelism/concurrency varies from shared memory 

multicore, closely coupled clusters, and higher-latency 
(possibly lower bandwidth) distributed systems.  

The coordination (communication 
/synchronization) of the different execution units vary 

from threads (with shared memory on cores), MPI 

(message passing interface, between cores or nodes 
of a cluster), workflow or mash-ups linking services 

together, and the new generation of data intensive 
programming systems typified by Hadoop 

(implementing MapReduce) or Dryad. Short running 
threads can be spawned up in the context of 

persistent data in memory and have modest 

overhead (Fox et al., 2010). Short running processes 
(i.e., implemented as stateless services) are seen in 

Dryad and Hadoop. Also, various runtime platforms 
implement different patterns of operation. In 

Iteration-based platforms, the results of one stage 

are iterated many times. This is typical of most MPI 
style algorithms. In Pipelining-based platforms, the 

results of one stage (e.g., Map or Reduce operations) 
are forwarded to another. This is functional 

parallelism typical of workflow applications.  
A (non-comprehensive) presentation of 

technologies in use today for Big Data processing is 

presented in Figure 1. 

 

Fig. 1:  Example of an ecosystem of Big Data 
analysis tools and frameworks (Dobre & Xhafa, 
2014) 
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In the mid-2000s we witnessed the first problems 

dealing with large volumes of data, like analyzing 

internet-scale of data or interpreting genomics data 
(the first “popular” HPC problems). Suddenly the 

High-Performance Computing community had 
problems to solve, where scalability, accuracy, large-

scale data storage, and distributed matrix arithmetic 

became mainstream. This was an Era when people 
tackling such problems started creating parallel 

computing stacks, and MPI inarguably supported the 
initial growth of cluster computing. Even for data 

analytics related to assessing water management 
processes MPI proved its valuable support, due to its 

elegant support for general reductions (Camp et al., 

2011). However, soon enough the scientific 
community wanted more, as MPI failed to deliver 

support for fault tolerance, and/or it failed to show 
the flexibility that later alternative tools (such as 

Hadoop or Dryad) brought. It took 14 years to go 

from MPI-2 to MPI-3, and even still it has a 
hardcoded in 32-bit limit throughout almost its 

entire API, limiting how many objects it can deal 
with at once without going through pointless but 

straightforward hoops. No wonder that the HPC 
community moved on. 

Later, MapReduce (MR) emerged as an important 

programming model for large-scale data-parallel 
applications (Dean and Sanjay, 2008). MapReduce 

breaks a computation into small tasks that run in 
parallel on multiple machines, and scales easily to 

very large clusters of inexpensive commodity 

computers. The most popular open-source 
implementation of MapReduce is today Hadoop 

(Zaharia et al., 2008), and includes several specific 
components, such as its own file system, or support 

for fault tolerance and for scheduling in 

heterogeneous clusters. Due to its simplicity in 
design, no wonder that even today many projects 

relying on the use of computer tools for water-
related data analytics rely on Hadoop in support for 

processing large volumes of sensed data (Zhang et 
al., 2015; Jach et al., 2015). 

The next generation of HPC tools includes 

platforms such as Pig or Dryad. The problem with the 
MapReduce model is that it cannot be applied 

straightforward to all problems. The HPC community 
soon discovered that, although adequate for indexing, 

for problems from the realm of machine learning and 

data predictions it was not that easy to use.  Thus, 
Pig (Olston et al., 2008) and later Hive (Thusoo et al., 

2010) was developed on top of the MapReduce 
model to hide some of the complexity from the 

programmer, offering a limited hybridization of 
declarative and imperative programs and generalize 

SQL’s stored-procedure model. Twister is another 

MapReduce extension, designed to support iterative 
MapReduce computations efficiently (Ekanayake et 

al., 2008) based on a publish/subscribe messaging 

infrastructure for communication and data transfers. 

Dryad is a general-purpose distributed execution 

engine for coarse-grain data-parallel applications 
(Isard et al., 2007), that allows fine control over the 

communication graph as well as the subroutines that 
live at its vertices. From these examples, Dryad is 

designed to scale from powerful multi-core single 

computers, through small clusters of computers, to 
data centers with thousands of computers. The Dryad 

execution engine handles all the difficult problems of 
creating a large distributed, concurrent application: 

scheduling the use of computers and their CPUs, 
recovering from communication or computer failures, 

and transporting data between vertices. 

Finally, we are now in the moment when even such 
tools, designed to optimize the way data is handled 

and processed over novel database models (i.e., such 
as NoSQL and NewSQL), is simply not enough 

anymore. Data scientists want even more scalability 

and faster delivery of results from their tools, and so 
the early 2010s witnessed the development of the 

current wave of HPC tools: In-Memory Processing (or, 
sometimes called In-Memory Computing).  

Spark is among the pioneering framework that 
supports this processing model (Zaharia, 2010). In-

Memory Computing may be defined as a solution 

that stores data in RAM, across a distributed system 
(cluster, cloud), and processes it in parallel. Spark 

provides two main abstractions for parallel 
programming: resilient distributed datasets and 

parallel operations on these datasets (invoked by 

passing a function to apply on a dataset). Resilient 
distributed datasets (RDDs) are read-only collections 

of objects partitioned across a set of machines that 
can be rebuilt if a partition is lost. Users can 

explicitly cache an RDD in memory across machines 

and reuse it in multiple MapReduce-like parallel 
operations. RDDs achieve fault tolerance through a 

notion of lineage: if a partition of an RDD is lost, the 
RDD has enough information about how it was 

derived from other RDDs to be able to rebuild just 
that partition. As per experiments (Zaharia et al., 

2010), by making use extensively of memory 

storage (using the RDD abstractions) of cluster 
nodes, most of the operations Spark can outperform 

Hadoop by a factor of ten in iterative machine 
learning jobs, and can be used to interactively query 

a large dataset with sub-second response time.  

Other in-memory tools include examples such as 
Apache Ignite or SAP’s HANA (Mazumder et al., 

2016). Apache Ignite is an In-Memory Data Fabric 
that combines different components like in-memory 

data grid, in-memory computing grid, and in-
memory streaming into the same unique solution. 

SAP’s HANA is an in-memory database that provides 

large data analysis and aggregation. It uses very 
large amounts of main memory, multi-core CPUs on 
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multiple nodes in a cluster, and SDD storage, to 

improve the performance.  

Around such tools, projects already appear that 
make use in-memory processing to deal with tough 

problems. For example, Spark Streaming is used in 
(Nuesch et al., 2014) to detect anomalies in water 

distribution networks in real time, and Apache Spark 

in (Domoney et al., 2015) as the tool for 
autonomous monitoring of city’s water turbines and 

for automated leak detection. 
 

Alert System for Water Quality Support 

In European Union, a remote sensing tool for 

monitoring water quality was implemented for 
waters in the Mediterranean Lakes.  

The sensors were designed to detect 

cyanobacterial and other toxic substances. The 
system generates surveillance maps after analyzes 

data with the main objective to report any alerts. 
The generated maps are improving the MERIS and 

CHRIS data (from Earth observation) that were 

developed at the beginning of 2000 representing 
images from satellites focused on spectral, spatial, 

and temporal resolutions. 
Another example can be the alert system 

implemented on Orbigo River in Spain whose main 
purpose is to warn about possible droughts and 

prevent them to happen (Paredes-Arquiola et al., 

2013). Drought planning requires preliminary 
identification and analysis of the risks. To reduce 

dryness risk, people had to understand first the 
climatology and make an analysis to determine the 

vulnerability and what people and sectors will be 

most affected, why these changes occur and if these 
relationships are changing over time. In case of 

Orbigo River, the demand of the system is larger 
than the amount of the resources available, the 

possibility of draughts is high.  

Reservoirs were constructed to maintain flood 
prevention and lamination during rainy seasons in 

autumn and spring. The reservoirs are empty before 
summer and full again for irrigation season.  

In 1998-1989, irrigation was delayed to a second 
plane to ensure urban water supply. The system 

implemented is formed by a series of piezo metric 

levels, streamflow, reservoir inflows and 
precipitation. The values taken by indicators define 

the drought status. For this river, there were 
established for levels of emergency: normality, pre- 

alert, alert and emergency (Haro et al., 2014). 

China, the country with the most people on 
Earth, has developed a system named DEWS that 

controls the parameters of urban water quality. 
DEWS have a web service and provide users with 

water quality monitoring functions.  

The system is guided by control theory and risk 

assessment as applied to the feedback control of 

urban water supply systems (Lu et al., 2008). 

Web Application 

We developed a web application accessible via 
internet on every browser anytime. The benefit 

offered by a web application it the large scalability. 
Almost every person who has access to a laptop or 

other device is just a click away from information. 

First, the web application will be implemented 
just for the water resources (rivers, lakes, natural 

pools, etc.) in Romania. On the main screen of the 
application there will be some menus that will 

include: statistics, charts, top clean/dirty water 
resources, search option and a history when we can 

find all the previous stats about that the resource. 

The users can search for a water source to 
access more information, they will have the options 

to generate diagrams, to make comparisons 
between - for example - last year on February to 

same month this year. They also can generate 

reports for multiple water resources and will have 
the option to download them. 

In addition to this we will place a WQI (Water 
Quality Index) calculator integrated on main 

platform where users can introduce data themselves 
and see the results immediately. Data feeds it’s the 

most important thing in this project. Because of the 

lack of feeds, I’m obligated to divide the map into 
two parts: real time map (alerts generated today 

based on data from today) and warning map (alerts 
generated on last update for that water resource for 

example last 2 weeks). In the most cases the data 

will be backdated and not in real time. 
For this application, we will use the most 

important parameters from WQI to generate alerts 
enumerated below: arsenic, biochemical oxygen 

demand, cadmium, cyanide, dissolved oxygen, 

fluoride, mercury, nitrate-nitrogen, pH, selenium, 
total coliform, and total phosphorus. 

Based on legend below (see Table 1) the system 
will make decisions about the warnings who will be 

shown to users. Note that all the parameters are 
taking into the account to generate the warnings. 

In Figure 2 we present the logical flow of web 

application scheme. 

             Table 1: Range – Quality semantic 

Range Quality 

90-100 Excellent 

70-90 Good 

50-70 Medium 

25-50 Bad 

0-25 Very Bad 
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Fig. 2:  Web Application Scheme 

Online Water Quality Monitoring (OWQM) 

OWQM utilizes real-time water quality data 
collected from monitoring stations deployed at 

strategic locations in a distribution system.  

The data generated are continuously analyzed to 
support operation at system level and capture water 

anomalies. OWQM gives valuable understanding into 
real-time conditions in a distribution system.  

This information allows sensors to detect unusual 
water quality which can generate earlier, and more 

effective, corrections if necessary. It has other roles 

such as optimizing the system.  
It has four significant elements: 

• Data generation which determines the water 

quality data produced trough OWQM. It is defined 
by the following decisions: 

o What to monitor: the parameters 

monitored in the distribution system the 

information available to utility and the possible 

water incidents. Also, monitoring includes: 

conventional parameters: pH, specific 
conductance, turbidity, potential and 

temperature; advanced parameters:  
o examples (TOC and UV-Vis); hydraulic 

parameters: pressure, flow; 

o How to monitor: The sensor used for 
monitoring chosen parameter(s), equipment 

required can dramatically impact the capital and 
operating costs, data accuracy; 

o Where to monitor: Monitoring stations 
can be located anywhere but should be placed in 

a distribution system, and can include pump 

stations or storage tanks (USEPA, 2015a). 

• Data communication requires sending of 
OWQM data to a central storage location. Methods 

of communication may include digital subscriber 
lines, cellular networks, radio. The type and quantity 

of data produced, existing communication 

capabilities and the locations from which data must 
be transmitted can impact selection of data 

communication solution(s); 

• Information management and analysis: 
receive information, processes and stores it, and 

make it available to users; 

• Alert investigation: When an alert is 
received, utility personnel follow defined alert 

investigation procedures to identify its cause. In 

many cases, a simple review of information is 
sufficient to determine that an alert does not 

indicate anomalous water quality, and is therefore 
invalid. The most common causes that may occur of 

invalid alerts are the malfunctions of sensors and 

data transmission failure. If a problem can’t be 
identified through data review, usually manual 

investigation is conducted at the monitoring location 
that induce the alert to check if accurate data is 

being generated and correctly communicated. 
Usually other samples are collected to further 

investigation (USEPA, 2015b). 

If it is proved that an alert was caused by a 
water quality incident, it will be necessary to correct 

that with actions that mitigate potential 
consequences.  

For example, if the alert was a reaction of low 

disinfectant residual data, steps may be taken to 
increase concentrations in the area.  

However, if the source of the problem could not 
be determined, investigations will be made to the 

system because it can be contaminated.  

Standard procedures will be used based on 
contamination level (see Table 2). 
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Table 2: Goals and performances 

Design Goal Description 

Detect water 
quality incidents 

OWQM data can be used to detect unusual water quality conditions in distribution 
systems. This can contain regular system occurrence such as nitrification, rusty, 

turbid water. It also brings the ability to detect other substances in distribution 

systems resulting from pipes, negligent cross- connections, and other events, 
chemical spill treatment and intentional contamination. 

Optimize system 

operation 

Knowledge of a real-time water quality and improved understanding of the impact 

of operational changes on water quality and flow paths can improve staff to 
manage treatment chemicals better informing pump, valve and tank operation. 

Support compliance 
with water quality 

goals and 

regulations 

Information collected during a distribution system, particularly in areas of concern, 
can identify when quality goals aren’t met and providing time for actions to correct 

potential compliance issues. 

Enhance asset 

management 

Regular data overview can reveal changes in system conditions that can affect the 

performance and longevity of assets such as pipes, pumps etc. 

Universal Water Quality Index (UWQI) 

A new upgraded index called Universal Water 

Quality Index was the results of the developments 
above. It is more simple and better to understand 

by 3rd party people and it main purpose it is to 
describe the quality of the surface water used for 

drinking water supply. The main addition to this 

index reflects the specific use for drinking water 
supplies rather than general supply. The UWQI is 

based on European Union set by Council of the 
European Communities in 1991 (75/440/EEC). This 

legislation classifies water drinking into three 

groups. Every group would have a different level of 
treatment. 

- Class I: Requires basic physical treatment and 
disinfection; 

- Class II: Requires normal physical treatment, 

chemical treatment, and disinfection; 
- Class III: Requires high physical and chemical 

treatment, extended treatment, and disinfection. 
The UWQI index will be calculated based on sub-

indexes that are represented by functions which 
transform units and dimensions of water qualities 

into a variable to be represented into a common 

scale. The values and ranges for every parameter 
were calculated by water experts after elaborated 

studies. If the content of a sub-index is lower than 
the value set for class I, the value is set 

automatically to ‘100’. If the content of a sub- index 

is greater that the value set for class III, the value is 
set automatically to ‘0’. ’50’ represent the acceptable 

sub-index for class II. All the mathematical 
expression where fit for each parameter to obtain 

exactly these three values of ‘0’,’50’ and ‘100’ 
(Philadephia, 2013).  

The overall index formula is calculating as a sum 

of sub-index parameter Ii, each sub-index being 
multiplied by a weight wi. 

 

Data Evaluation and Results 

Data sets proposed for tests were randomized 

accordingly to minimum and maximum potential 
values for every parameter. These are the values 

that I used for data in simulation assigned in 
application to Danube (Dunărea) River and they are 

not representing the real world. Data used is just to 

demonstrate the formulas and how the data is 
manipulated inside the whole system.  

In the image below there are exposed an 
example of data sets for about 14 batches of arsenic 

parameter. There can be found via water sub-menu 

by selecting the water source, in this case Danube 
River. Every batch means a complete data set of all 

the twelve parameters captured who are generating 
a full-index. Also for every line there is saved the 

data when was captured to keep a good track of the 

records. An example is presented in figure 3. 
 

 

Fig. 3:  Example of water parameter data (Arsenic) 
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For every water source, there are also generated 

reports, below are some descriptive statistics that 

show the evaluation of data showed in figure 4.  
We have stats for Danube River, including every 

parameter, number of samples taken, mean who is 
the common average, median represents the middle 

value of samples, mode is the most common range 

is the difference between maximum and minimum 
columns. 

 

 

Fig. 4:  Descriptive statistics (example for Danube 
River 

 
After few studies, it is believed that water quality 

assessment is far better than comparing the same 

data with experimentally obtained data with from 
existing guidelines.  

New indexes values are more precise for a 
decision to make reporting the quality of water in 

time and space easing the decisions to determine 

the maxim acceptability for each set of parameter 
referring to the range set in in the descriptive 

statistics.  
In Figure 5 we can see the evolution of indexes 

from all the 50 batches taken. In the first part, we 

observe a stability around 80, next it’s fluctuating 

from high to low values. All these values and 

indexes are automatically calculated and they are 
keeping updating with new data coming.  

 

 

Fig. 5:  Evolution of Water Quality Index 

 

We also extend the functionality to manually 

calculate the water quality index like Figure 6 (left). 
In Figure 6 - right we observe that the most 

influential parameters who affect the final WQI 
results are Selenium from Class III, pH and DO 

(Dissolved oxygen) from class II. To increase the 
WQI we need to change the parameter values to a 

high class.  

By decreasing Selenium with 0.01, pH with 1.7 
and increasing Dissolved oxygen with 2 we end up 

with Excellent water quality with WQI at almost 94.  
The margins between data are so small but they 

are exponentially deciding the result. 

        

Fig. 6: Water Quality Index – Calculator (example) left, and Water Quality Index – Calculator (increased 
index) right 
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Conclusion 

In the first part of this paper we presented the 

main aspect of how ICT models can be applied in 

data processing as support for extracting valuable 
information from collected data.  

Several tools for water resource management are 
presented. The we describe the implementation of a 

monitoring tool for the water quality on both rivers 

and lakes. The part of how the data is being 
captured was just mentioned so we can understand 

how the flow works.  
We implement the Universal Water Quality Index, 

which is stronger than other classical indexes and is 
independently use from other research and obtained 

data laboratory existing guidelines purporting to 

improve the results based on historical data. In 
other words, the more data captured and covered 

the more precise in time is the range of the 
parameters data captured being able to determine 

the ranges of concentrations for every class. 

We can conclude that data processing related 
research directions that need strong ICT support are 

very demanding in our days, considering the variety 
and complexity of the research field, and the 

necessity of targeted, specialized research teams, 
able to deal with different perspectives, but with 

deep expertise in one of them. 
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Introduction 

Drinking water supply in Ukraine is provided 
mainly from the surface water sources. The Dnipro 

River, the largest river in Ukraine and the third 
water catchment in Europe, is used for drinking 

water supply for more than 30 million citizens. 

Dnipro flow is regulated within the Ukrainian 
territory and the river represents a cascade of six 

reservoirs. The construction of Dnipro cascade has 
led to changes in the river chemical and hydro-

biological regimes. The upper Kyiv Reservoir, due to 
its location, plays the role of the main barrier in the 

cascade, and at the same time, it is one of the 

major sources of drinking water supply for 4 million 
residents of Kyiv, the capital of Ukraine.  

The Kyiv Reservoir has specific water chemistry: 
high content of organic matter and water color, high 

content of iron, high level of eutrophication, decrease 

of minimum oxygen level resulting in fish mortality. 
The Pripyat River is the main factor determining 

the chemical characteristics of the Kyiv Reservoir 
water (Osadcha & Osadchyi 2001, 2002a, 2000b).  

 

Pripyat is the first large tributary forming 27% of the 
Dnipro water flow. The positive moisture balance, 

plain ground, and high water table favour the 
development of wetlands across its basin. A huge 

amount of organic matter of humic origin comes to 

the surface water every year affecting its chemistry.  
Regional climate changes that have been 

observed over the last decades had a significant 
impact on the characteristics of the spring floods of 

the Pripyat River, causing an increase in winter 
runoff, which affected the chemical composition of 

the river (Grebin, 2013; Osadcha & Osadchyi, 2013). 

Organic water pollution caused by the increased 
inflow of humic substances considerably aggravates 

the problem of providing high-quality drinking water 
for cities, for which the Dnipro River is the main 

source of drinking water. Humic substances 

considerably complicate water treatment process, as 
during water disinfection they form secondary 

chlororganic compounds with carcinogenic 
properties (Radlinger & Heumann, 1997). 

The Pripyat River basin is located on the trans-
boundary territory. 57% of the area is on the 
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Abstract 

A field experiment on humic substances and dissolved iron 
transportation from the water catchment area was conducted in 
the spring time. The studies were carried out on a small runoff 
site (2x1m) filled with peat layer of 50 cm deep.  
During the snowmelt, exclusively a subsurface runoff was formed. 
The values of distribution characteristics of two main fractions of 
humic substances - humic and fulvic acids - between the solid 
phase of peat and water runoff were obtained. It has been shown 
that the process of complexing with fulvic acids significantly 
expands migration limits of iron in the dissolved phase.  By means 
of thermodynamic modeling it has been found that the water pH 
value and the concentration of fulvic acids are the limiting factors 
for iron’s existence in a dissolved phase.  
A methodology has been proposed to predict emission of humic 
substances and iron into water runoff of the Pripyat River 
(Ukraine). 

Keywords: plot scale, emission, humic acids, fulvic acids, iron, 
thermodynamic modeling 

 

Rezumat. Studii experimentale pe teren privind 
percolarea substanțelor humice din turbării și 
estimarea rolului lor în transportul fierului dizolvat 

Un experiment pe teren privind substanțele humice și transportul 
minereului de fier dizolvat din apă într-un bazin hidrografic a fost 
realizat în perioada de primăvară. Studiile au fost efectuate pe 
microparcele (2x1m), cu un strat de turbă de 50 cm adâncime.  
Pe parcursul topirii zăpezii, s-a format şi scurgerea intermediară. 
S-au obținut valorile distribuției caracteristice pentru două fracții 
principale de substanțe humice - humici și acizi fulvici între faza 
solidă şi lichidă a scurgerii din turbă. S-a demonstrat că procesul 
de complexare cu acizi fulvici, extinde semnificativ limitele de 
migrare ale fierului în faza dizolvată. Prin intermediul modelării 
termodinamice s-a constatat că valoarea pH-ului apei și 
concentrația de acizi fulvici sunt factorii limitativi pentru existența 
fierului într-o fază dizolvată. A fost propusă o metodologie pentru 
predicția emisiilor de substanțe humice și a fierului în scurgerile 
lichidă a râului Pripyat (Ucraina). 

Cuvinte-cheie: scara parcelei, emisie, acizi humici, acizi fulvici, 
fier, modelarea termodinamică 
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Ukrainian territory and 43% - in Belarus. The origin 

of the river, its upper course, and outflow into the 

Kyiv Reservoir are located on the Ukrainian territory. 
Despite the fact that the monitoring of hydrological 

regime of estuarine areas was launched at the end 
of the XIX century, the existing datasets are very 

scattered, repeatedly were interrupted, with 

recording stations changing their coordinate 
referencing, and after the Chernobyl accident in 

1986 much of the data has become the property of 
various departments. Monitoring the content of 

organic matter of humic nature is carried out only 

when implementing specific research projects. 
In view of the above mentioned, it is crucial to 

study emission of organic substances into the 
Pripyat River and prognosticate quantitative 

characteristics of their inflow into the Kyiv Reservoir 
in order to provide proper management of water 

resources in the Dnipro River basin and to ensure 

high-quality drinking water supply for the Ukrainian 
people. 

The aim of this study was to examine the 
peculiarities and establish quantitative parameters of 

leaching of organic matter of humic nature and iron 

from the wetlands, as well as to evaluate the role of 
certain processes influencing the migration of iron 

with the river runoff. 

Materials and methods 

The research was conducted at the experimental 

base of the Ukrainian Hydro-Meteorological Institute 
(UHMI), located in the forest-steppe zone of Ukraine 

130 km from Kyiv.  

Experimental site 

An experimental plot of 2 m2 in area (1x2 m) was 
established on the left-bank slope of the Ros River 

valley within a small catchment of the Boguslavka 

River.  
The plot was bordered by a concrete ledge 

driven 100 cm into the soil and extending 10 cm 
above the soil. The slope of the plot was 2°. A water 

inlet unit equipped with a canopy to exclude direct 

input of rainfall was arranged at the lower end of 
the plot in a pit 1 m deep. Discharge pipes were 

installed at a depth of about 10 cm and near the 
water retaining layer. This allowed to separate 

physically the surface and subsurface runoff. Water 
samples were collected in 10 liter plastic containers 

(Fig. 1). 

During the summer, the soil cover of the plot was 
removed to a soil freezing depth of 50 cm. The 

resulting pit was covered with water retention layer, 
on top with tightly laid pieces of peat, sliced in 50 x 

50 cm squares from the basin of the Pripyat River.  

 

 

Fig. 1:  Small experimental plot - General view of 
the plot 

The composition of the peat was predominantly 
(96%) represented by the organic matter of humus 

nature formed by the decomposition of plant 

residues. The content of the main fractions of humic 
substances (HS) were as follows: humic acids (HA) - 

696 mg∙g-1, fulvic acids (FA) - 265 mg∙g-1. The total 
reserve of humic substance at the plot amounted to 

1789 kg (1295 kg of HA and 494 kg of FA) (Fig. 2). 
The plot, prepared in such way, was left until 

winter. A mantle of snow about 1 m high was 

formed of on it during the cold period. 
 

 

Fig. 2:  Cross section and top view of the plot  

Snowmelt-Runoff Simulation Experiment 

The experiment was started when the air 

temperature produced a runoff from the collected 
snow.  

The samples of water runoff were collected 
manually at the outlet of the plot. Sampling 

frequency depended on the intensity of the flow and 
the sample’s volume should have been at least 2 
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liters, as was determined by the specifics of the 

chemical analysis. The acquired samples were 

filtered through a membrane filter (0.45 μm) and 
placed in a refrigerator. 

Chemical analysis  

The filtered samples were analyzed to determine 

the pH value, water color, the content of HCO3
-, 

SO4
2-, Cl-, Ca2+, Mg2+, Na+, K+, Fe3+, and humic 

substances (HS). The latter were analyzed to 

determine the content of their two main fractions: 
humic (HA) and fulvic acids (FA). All analytical 

procedures were performed in accordance with 
Nabyvanets et al. (2007). 

The resulting data on the volume of water runoff 
and the content of individual components in it were 

interpolated with an hourly discreteness. 

 

Results and discussions 

Water runoff 

During the snowmelt, a water runoff was 
generated, which lasted 292 hours to exhaust the 

snow storage. Surface runoff was absent, and the 
volume of subsoil runoff was 473 liters, which 

corresponded to a water depth of 237 mm (Fig. 3). 

 

 

Fig. 3: The dynamics of air temperature and volume 
of water runoff during the snow melting 
process on a small runoff plot 

 

It is well known that the rain-induced and spring 
floods in wetlands’ formations are predominantly 

influenced by filtration flows of atmospheric 

precipitation through the active layer of peat. The 
peat that was used in the experimental plot almost 

entirely consisted of products from the humification 
of organic residues (96%). Their colloidal dispersion 

properties account for the high moisture-retaining 
capacity of the substrate, which can be up to 

2000%. In other words, peat is capable of holding 

the moisture 20 times more of its own dry weight 
(Moore & Bellamy, 1974; Lishtvan et al., 1979). 

The high degree of peat hydrophilicity is 

associated with the dominance of active polar 

carboxyl and hydroxyl groups of COOH- and OH- in 
the composition of humic substances, causing the 

colloidal particles to engage in ion exchange 
reactions. 

Typically, the rate ratio of total runoff to total air 

temperature (R) decreased with time (Fig. 4). Peat 
is extremely sensitive to changes in humidity. Its 

water yield is not a constant characteristic, but 
depends to a great extent on the preliminary water 

saturation level. At the initial stage of moistening 
the peat deposit, a significant proportion of the 

water is retained by capillary forces in the pores and 

cracks in the solid skeletal content of the peat, 
providing sufficiently high water yield of the peat 

mass. This was observed during the first 3 days of 
runoff formation. Given the extended watering of 

the peat mass, the proportion of physicochemical 

moisture associated with the colloidal particles has 

increased, thereby lowering water yield of the peat. 

 

 

Fig. 4: Change in the ratio of total runoff to total air 
temperature - R (°C), during the formation of 
the water runoff 

 

Emission of humic substances 

The water runoff stimulated HS leaching from the 
peat thickness. FA dominated within the two 

investigated HS fractions in the emission runoff, 
which is typical of natural waters. HA concentration 

in the water runoff varied between 12–44 mg∙L-1, FA 
– 144–443 mg∙L-1. It is known that the solubility of 

HS depends on the size and configuration of its 

molecule (Popov, 2004). Despite the general HS 
structure principles, which contain an aromatic core 

in the center of their molecules being surrounded by 
peripheral aliphatic chains of carbohydrates and 

polypeptides, the molecules of HA and FA have 

significant individual differences. They differ in ratios 
of aromatic and peripheral aliphatic structures, as 

well as in different contents of functional groups 
(predominantly hydroxyl and carboxyl). Higher 

mobility and reactivity of FA, compared to HA, is due 

to their lower molecular weight and higher 
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composition of functional groups. The HA ratio of 

aromatic and aliphatic carbon is higher than in FA, 

and the composition of the basic functional groups is 
significantly lower (Sposito, 1981). 

No any significant relationship was found 
between HS concentrations in subsoil runoff and 

water expenditures. This is due to turbulent-

diffusion nature of HS discharge and is described in 
detail in our previous work using a one day case-

study of HS runoff (Osadcha & Lutkovsky, 2013). 
Several phases can be singled out in the process of 

interaction between the solid ground and water 

runoff. In the first phase, the increase in water 
expenditure is accompanied by an increase in the 

concentration of the dissolved substances due to 
their diffusion from the soil covering until it reaches 

an equilibrium state between the contacting layer of 
soil and water. 

In the second phase, the dynamic washing of 

contacting layer occurs, when the increase in water 

expenditure does not affect the concentration of the 
dissolved substances in the runoff. And in the third 

phase, is when the water runoff reaches a new soil 
horizon, the content of the transported substances 

in the water runoff increases again due to resultant 

concentration gradient. This phase is usually 
observed in the descending branch of the 

hydrograph’s runoff. Due to the sequential change 
of the described phases, the same water flow rate 

may feature different concentrations of the dissolved 

substances. 
Unlike concentrations, the leaching of HA and FA 

from the water catchment area depends essentially 
on the volume of water runoff (Fig. 5). The 

correlation coefficient between the water runoff and 
the identified components were 0.91 and 0.97, 

respectively.  

 

       

Fig. 5: Emission of Humic acids (left) and Fulvic acids from the packed peat (right) runoff plot during 
a snowmelt event  

 

As it follows from the mass double curves of HA 
and FA, dissolution of the former is a homogeneous 

process. On the contrary, some fractures are 
observed on HA mass double curve.  

Therefore, another laboratory study was 

conducted to explore conditions and limits of HA 
solubility in water using HA product. The ratio of the 

solid to liquid phases in the experiment was 1:100.  
The results showed that when HA is contacted 

with water, not more than 1.8% of the HA mass 

fraction is dissolved. The process of dissolution of 
the HA largely depended on the physico-chemical 

conditions of the environment (Fig. 6).  
When ionic strength of the solution increases to 

μ = 0.01, the dissolved fraction of HA grew to 2.2%, 
as a result of the substitution reaction from 

hydrogen ions to alkali metal ions. Further increase 

of mineral content in the solution (μ = 0.02) due to 

higher activity coefficient has led to lower HA 
dissolubility, whose fraction was reduced to 1.6%. 

HA is practically insoluble in acidic environment. This 
is due to the weak acidic properties of HA, whose 

dissociation constant varies in the range of pK = 

4.8–5.02 (Popov, 2004).  
Accordingly, in a more acidic environment 

dissociation equilibrium is shifted towards HA 
undissociated forms and the number of ions involved 

in ionic interactions is small. Under conditions of 

water pH > pK, HA dissociated forms begin to 
dominate and their solubility increases. Dissolution 

of HA under alkaline conditions occurs in two stages, 
which is due to the initial participation in the 

dissolving process of carboxyl groups and further – 
of hydroxyl groups. Furthermore, in an alkaline 

medium HA molecules unwound and acquire a more 
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linear structure and, accordingly, more functional 

groups may enter into ionic interactions.  

The study of the molecular weight distribution of 
dissolved HA showed that their composition is 

dominated by a low molecular weight HA (molecular 

weight <0.25–5 KDa), the composition of which is 

about 60%. The work Varshal et al. (1979), 

dedicated to FA study, also noted a decrease in 
solubility of the FA compounds with the increase of 

their molecular weights.
 

      

Fig. 6: Humic acids (HA) solubility depending on the (left) ionic strength (μ) and (right) pH of the solution 
- DW – distilled water

 

Emission of iron  

One of the main components of the swampy 

massifs in northern Ukraine is iron, whose 
composition reaches 1.7% in the mineral 

composition of the peat. Therefore, much attention 

in our work was given to the study of trace iron 

emission from peat thickness. 
The experimental data showed that dynamics of 

iron in snowmelt water was largely determined by 
both water runoff and FA (Fig. 7). The values of the 

relevant correlation coefficients were 0.89 and 0.86.  

 

    

Fig. 7: Chronological graph of (left) iron emission and water runoff (right) emission of iron and fulvic acids 

from the packed peat soil runoff plot during snowmelt event 

 
Iron belongs to highly unstable elements in the 

surface water. Like other metals Fe3+ is subject to 
hydrolysis to form slightly soluble compound 

Fe3++3ОН-=Fe(ОН)3.  

Its hydrolysis begins in acidic environment with 

dominance of Fe(OH)


2 , and at pH > 6.5 we 

observe an almost full hydrolysis of the metal to 

form a poorly soluble form of Fe(OH)
0

3 . 

At рН=8, the amount of dissolved iron Fe3+ 

balanced with hydroxide Fe(OH)
0

3  does not exceed 

0.2 mg∙L-1.  
In real aquatic ecosystems, the concentration of 

dissolved iron is often greater than the specified 
value. In particular, in our modeled water runoff, 

the iron concentration reached 0.62 mg∙L-1. 

This phenomenon is due to the complexing 
process, competing with hydrolysis and increasing 

iron migration capability. Thus, Osadchyi et al. (2016) 
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shows that the iron in Dnipro reservoirs is present 

predominantly in the form of complex compounds 

with organic ligands. HA and FA are the dominating 
ligands of organic nature participating in the process 

of complexing. Due to significant difference in their 
concentrations in natural waters, metal complex 

compounds predominate with the latter. 

The coexisting forms of iron in the water runoff 
were examined by a thermodynamic approach using 

the model MINTEQA2 which is built on the 
equilibrium constant principle. The model database 

was modified before calculation because of the 

absence of stability constants for iron and HS 
(Osadchyi et al., 2003). 

The difficulty lay in that the stability constants of 
metal-HS complexes, identified at certain pH values, 

are conditional. It is a well-known fact that the 
average molecular weight of dissolved HS increases 

with growing pH because of association. Therefore, 

stability constants of HS increase with higher pH, 

which is caused by structural changes of HS, when 

many of the surface functional groups are acting as 
additional binding centers. 

The stability constants of fulvate complexes with 
iron, mentioned in the literature, were obtained for 

pH = 5. However, this pH value is not typical for the 

surface water. To modify pH into real pH values the 
following methodical approach was used. 

Complexing abilities of most metals (as it was found 
for EDTA complexes) are functionally dependent on 

their ionic potential. This allowed us to develop the 

equation and predict the stability constants of HS 
complexes based on at least one conditional 

constant (Osadchyi et al., 2016). Calculations of 
other pH were done according to the equation:  

lgβ1(с) = 0.0667 рН2 – 0.033 рН + 5.5. 
Obtained stability constants are presented in 

Table 1. 

Table 1: Stability constants of complex compounds of iron with fulvic acids under different pH lgβ1(с)* - 
experimental conditional stability constant 

Parameter Stability constants, lgβ1(с) 

pH 3 4 5 6 7 8 9 10 

[Fe3+-FA]+ 6.0 19.1 7.0* 7.7 8.5 9.5 10.6 11.8 

Fe(ОН)FA]0 19.1 19.2 20.1* 20.8 21.6 22.6 23.7 24.9 

The data of the chemical composition of 
subsurface runoff, produced at the experimental plot 

during snowmelt, was used as input data for 

thermodynamic modeling of coexisting forms of iron. 
The calculations were made for water temperature 

5°C, pH = 7.6. The composition of HA and FA was 
13 and 288 mgL-1, respectively. Iron concentration 

ranged from 0.1 to 9.0 mg∙L-1. The results showed 

that, regardless of the concentrations studied, the 
iron in the aqueous phase almost entirely (99.8-

100%) is present in the form of hydroxy-fulvate 
complex compounds. In neutral and slightly alkaline 

environments, complex Fe(OH)


2 , resulting from the 

hydrolysis, reacts with FA with subsequent formation 

of highly soluble hydroxy-fulvate complexes. This 
process significantly increases iron migration 

capability in aquatic ecosystems.  

Within the studied concentration range Fe 
occupies 15-62% of fulvate ligands (Fig. 8 left). 

Using thermodynamic modeling methodology, we 

defined boundary concentrations of the dissolved 
iron for the conditions of the surface waters in 

Ukraine. Forms of iron migration were modeled 
using concentration 2 mg∙L-1, within the range of pH 

= 6.0-9.5, with FA concentrations variability from 

2.5 mg∙L-1 to 30 mg∙L-1. From Fig. 8 (right) it follows 
that given pH = 7 and FA concentration being within 

the range 10-30 mgL-1, the content of iron in the 
solution may be from 0.35 to 1.95 mgL-1. With pH 

growing to 8.0, the concentration of dissolved Fe is 

reduced to 0.1-0.8 mgL-1. Increased pH value 
resulted in removing of iron from the solution due to 

hydrolysis.

 
Fig. 8: Forms of iron present in water of subsurface runoff from peat deposits (left) and limits of iron 

migration (2 mg∙L-1) in dissolved state under pH variability within the range 6.0-9.5 and FA 
concentrations – 2.5-30.0 mg∙L-1 (right) 
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Inflow of humic substances and iron from 
the water catchment area of the Pripyat 
River 

The following methodology was proposed to 
estimate the inflow of organic substances and iron 

from the Pripyat River into the Kyiv Reservoir. 
Experimental plots provide information regarding 

the role of individual factors. A significant drawback 

is that homogeneous landscape in such plots does 
not allow for extrapolating the results to the 

watershed level, featuring cumulative effect of 
different processes on the runoff water chemistry. 

15 different landscape complexes are singled out in 

the basin of the Pripyat River (Obodovsky et al., 
2012). Nonetheless, simulation data on leaching of 

substances from a peat deposit can be utilized with 
high reliability to evaluate the inflow of organic 

compounds from its water catchment area. This 

assumption is based on the following facts. The 

swampiness of the Pripyat Basin area is relatively 

high, the area of wetlands in the natural state is 6.8 
thousand km2, combined with drained areas it 

reaches more than 16.8 thousand km2 
(approximately 15%) (Fig. 9). Waterlogged areas 

feature special type of water with the highest 

concentration of organic substances among water 
objects, high content of biogenic elements and 

heavy metals, primarily iron. By contributing to 
feeding of surface watercourses, swampy waters 

directly affect the chemistry of the rivers, and this 
influence is often beyond the waterlogged region 

(Osadcha & Osadchyi, 2013).  

Thus, the wetlands have major contribution to 
the inflow of organic substances and iron in the 

basin of the Pripyat River. The influence of other 
landscapes would be minimal. 

 

Fig. 9: Land use in the Pripyat Basin 

 

Water runoff generated at the small packed, peat 

covered plot was 237 mm deep, which almost 
matched the value of the historical maximum in 

Pripyat Basin (272 mm, which was observed in 
1845). Thus, the entire range of possible changes in 

water content was covered. As it is known, the 
concentrations of solute depend on water runoff 

indicators.  

To account for these differences, the 
methodology of separation of water runoff into 

intervals was used, which was developed by EPA 

(2007). According to the percentage of exceedance 
such intervals were divided into: high flows (<10%), 

moist conditions (10-40%), mid-range conditions 
(40-60%), dry conditions (60-90%), low flows (> 

90%). 
Due to the fact that hydrological observations in 

the mouth area of Pripyat were not systematic, the 

flow duration curve was developed for the upper 
Mozyr station, where observations began in 1881. 
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Runoff characteristics at the main-stream station 

near the city of Chernobyl were recalculated in 

accordance with Gorbachova & Khrystyuk (2001). 
Segments corresponding to the runoff layer 

values of individual water content intervals were 
singled out on a hydrograph’s runoff at the 

experimental plot. Average concentrations of HA, FA 

and iron (Table 2) were calculated for each of the 
intervals. 

Using the presented data one can get the 
leaching values of the studied substances for any 

period of time (day, month, season, and year) 

making use of the relation: 

Load = Swetlands  Water depth  C  

 
where: Load – leaching of substances for a 

given period of time; Swetlands - 
wetlands area; Water depth – runoff 

layer of a specified probability, mm; C - 

concentration of substances. 

Table 2: Values of runoff layer and average concentrations of HA, FA and iron for different water content 
conditions of the Pripyat River, outlet station near the city of Chernobyl 

Runoff 
Percentage of 

exceedance, P 

Water depth 

(mm) 

HA 

(mg∙L-1) 

FA 

(mg∙L-1) 

Fe 

(mg∙L-1) 

High flows <10 237 25.8 304.5 0.22 

Moist conditions 10-40 151 23.3 289.0 0.24 

Mid-range conditions 40-60 114 23.6 284.0 0.30 

Dry conditions 60-90 88 23.9 280.9 0.31 

Low flow >90 61 22.9 278.9 0.33 
    Note: HA= humic acids; FA =fulvic acids; Fe=iron.

The projections of annual inflow of HA, FA and 
iron into the Kyiv Reservoir with Pripyat waters in 

years with low water level, average water level and 
high water level (Table 3) are in good agreement 

with similar characteristics, obtained during field 
observations (Osadcha & Osadchyi, 2002a). 

Table 3: Annual leaching of HA, FA, and iron with 

water of the Pripyat River 

Period 
HA 

(Kt year-1) 
FA 

(Kt year-1) 
Fe 

(t year-1) 

Dry year 9.7 119.2 90.8 

Average water level 17.7 213.8 195.5 

Wet year 32.2 379.5 376.1 
Note: HA= humic acids; FA =fulvic acids; Fe=iron. 

 

Conclusion 

A field experiment was conducted on a small 

runoff plot to study the inflow of organic substances 
and iron from the peat layer of 50 cm deep during 

the spring season. 

During snowmelt, a saturation excess mechanism 
of runoff generation was observed, which produced 

a subsurface runoff 237 mm deep.  
The intensity of the runoff decreased with 

increasing duration of the peat mass moistening. 
Spring simulations showed more intensive inflow 

of dissolved FA than HA. The concentration of HA in 

the runoff ranged within 12-44 mg∙L-1, while the 
minimum and maximum values of FA content 

exceeded them nearly by an order of magnitude and 
amounted to 144-443 mg∙L-1.  

The results of HA model distribution in a solid-to-
water phases system showed that not more than 

1.8% of HA mass fraction is dissolved. HA 
dissolution occurs in two stages, featuring sequential 

involvement of carboxyl and hydroxyl groups. 
The HA emission from the experimental plot 

depended on the performance of water runoff. 

The iron emission from waterlogged areas was 
determined by water runoff and the presence in it of 

organic substances. Geochemistry of wetlands 
significantly improves migration properties of iron 

due to its binding into strong compounds with humic 

acids. Iron enters the river in the form of dissolved 
hydroxy-fulvate complexes. Being one of the most 

common elements in the earth's crust, iron does not 
engage all HC potential binding sites, some of which 

are free to interact with other metals. Calculations 

using thermodynamic modeling showed that pH 
value and FA concentration are the main factors 

determining the migration of iron in a dissolved 
state.  

A methodology has been proposed to calculate 
the leaching of HC and iron from the water 

catchment area of the Pripyat River under various 

water content conditions. 
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Introduction 

Getting the best possible knowledge of runoff 

generation processes is indispensable for a number 

of technical applications. It means that we need to 
know not only the usual (more probable) 

hydrological situations, but also the very extreme 
ones. „To know” means here to observe in the field. 

We cannot rely on the computer simulations only. 
They must be constrained by observed values.  

Simulations bring the possibility to interpolate 

between observed values, with a lot of caution to 
extrapolate outside observed ranges and to bring to 

our attention further variables which should be 
observed (Beven, 2005, 2012). 

If we are working in the field at the plot scale we 

can produce a large flood by sprinkling the plot with 
a large intensity. In practice, such a situation could  

 

bring about an important wash off and leaching into 

the stream. Computer simulations, however, are 
difficult. The often-used Richard’s equation for 

variably saturated flow might not work. Alternative 
modelling techniques are being developed, e.g. 

based on tracing (see Davies and Beven, 2011). 
A number of authors used artificial rainfall on 

plots in order to find out the possible amounts of 

wash off and leaching from the plots both for 
practice and for the development of new simulation 

methods (Sharpley and Kleinman, 2003). 
In this contribution, we are dealing with the 

experimental part of our hydrological research. Two 

types of experiments are described: 
1. Agricultural pollution 

2. Tracing for theoretical purposes  
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Abstract 

On two agricultural experimental catchments with different 
vegetation cover we have carried out experiments with leaching or 
wash off nutrients due to high artificial rain intensities: grassland 
after grazing, arable land, river bank covered with grass and 
during different seasons (spring, summer, autumn). Rainfall total 
and soil moisture have been automatically recorded in two depths. 
The concentration of nutrients was analysed in the laboratory. 
From the results, it is possible to formulate the following 
conclusions: flow of nutrients during extreme precipitation is high 
at the beginning of the soil profile saturation and then gradually 
decreases; increasing concentration occurs in the period just after 
grazing or after fertilisation with manure; the highest 
concentration of nutrients occurred in experiments on the field 
after tillage. The outcomes correspond to results from rainfall-
runoff events, when extreme rainfall causes the wash off the soil 
into the stream. Before and after the experiment the samples of 
soils have been taken. The change in POlsen (Olsen P) on the 
pasture slope was less than 1 mg/kg of dry matter of soil while on 
the catchment used for crops it was larger than 10 mg/kg. 
Understanding flow pathways in a catchment requires carrying out 
field experiments with conservative tracers. The contribution 
brings results from such experiments on a meadow and in forest. 
Both types of field experiments with sprinkling contribute to the 
understanding of the flow and nutrient pathways during an 
extreme rainfall. 
 

Keywords: agricultural pollution, sprinkling experiments, flow 
pathways, tracing experiments 

Rezumat. Influenta ploilor extreme asupra scurgerii, 
umidităţii solului, nutrienților și formele de curgere a 
trasorilor 

În două bazine hidrografice experimentale agricole s-au efectuat 
experimente cu scurgeri şi diluția nutrienților cu intensități ridicate 
ale unor ploi artificiale, pe diferite moduri de acoperire cu 
vegetație: pășuni, după pășunat, teren arabil, mal acoperit cu 
iarbă și în diferite anotimpuri (primăvara, vara, toamna).  
Precipitațiile, și umiditatea solului au fost înregistrate automat la 
două adâncimi. Concentrația de nutrienți a fost analizată în 
laborator. Din rezultate, este posibil să se formuleze următoarele 
concluzii: scurgerea nutrienților în timpul precipitației extreme 
este ridicată la începutul saturării profilului de sol și apoi scade 
treptat; creșterea concentrației are loc în perioada imediat după 
pășunat sau după fertilizarea cu gunoi de grajd; cea mai mare 
concentrație de nutrienți a avut loc în experimente pe teren după 
cultivarea solului. Rezultatele provin din evenimentele ploaie-
scurgere, atunci când precipitațiile extreme provoacă spălare 
solului şi scurgerea în râuri. Înainte și după experiment s-au 
prelevat probe de sol. Schimbarea POlsen pe versantul pășunat a 
fost mai mică de 1 mg/kg de materie uscată de sol, în timp ce pe 
bazinul utilizat pentru culturi a fost mai mare de 10 mg/kg. 
Înțelegerea căilor de curgere într-un bazin hidrografic necesită 
efectuarea de experimente pe teren cu trasori. Contribuția unor 
asemenea experimente pe pajiște și în pădure, constă în 
producerea de rezultate. Ambele tipuri de experimente pe teren 
cu ploi artificiale contribuie la înțelegerea formelor de scurgere a 
nutrienților în timpul unei ploi extreme. 

Cuvinte-cheie: poluarea agricolă, experimente cu ploi, forme 
de curgere, experimente cu trasori 
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Materials and methods 

Agricultural catchments 

Selected experimental catchments are situated in 
different climatic, terrain and soil regions (Table 1).  

Experimental catchment on Smrzovsky Brook lies on 

the border of Protected Ecological Area of the Jizera 
Mountains where only cattle grazing is going on. 

Because of the restrictions due to ecology the use of 

industrial fertilisers and pesticides is not allowed. 

The other catchment (Kralovsky catchment) lies in 

the foothills of Krkonose. The crops are winter 
wheat, winter barley, winter rapeseed (Brassica 
napus), opium poppy (Papaver somniferum), 
caraway (Carum carvi), buckwheat (Fagopyrum 
esculentum), and maize or corn (Zea mays).  

The fields are fertilised with both industrial 
fertilisers and manure. 

Table 1.  Climatic and soil conditions of selected agricultural catchments (DAM – artificial fertilizer with 
Nitrogen, DASA – artificial fertilizer with Nitrogen and Sulphur) 

Parameter  
Watershed 

Smržovský creek Královský creek 

Watershed area 3,6 km2 3,1 km2 

Above the sea level 645-836 m 450-490 m 

Average annual discharge 0.072 m3 s-1 0.042 m3 s-1 

Total rainfall all year 1100 mm 716 mm 

Type of soil etnic podzols,haplic podzols brown acid 

pH of soil acid slender weakly acid 

Sorption complex unsaturated weakly saturated 

Type of management only pasturage active 

Fertilizer 
no artificial fertilizer, 

no pesticides 

manure- on field in autumn, dung-

on meadows, fertilizer (DAM, DASA) 

 

Several experiments have been carried out both 
on a meadow and in forest on the watershed divide 

of the Smrzovsky Brook and the Nisa River. The 
meadow plot is about 150 m upstream of the outlet 

of the Smrzovsky catchment. The forest plot is 

about 500 m distance from the meadow plot (Fig. 
1). The area on the watershed divide between the 

Nisa and the Jizera catchments (in which the 
Smrzovsky Brook and Kralovsky Brook are nested) 

has been quite intensively studied by several 
cooperating institutions for a number of years. The 

impulse for the research has been given by the 

forest die-off during the 80s in the Jizera Mountains. 

 
Fig. 1: Map showing the meadow and forest slopes used for tracer experiments (red circles – experimental 

sites, full red elipse – water level and rain measurement, brown line – the border of Lucany nad 
Nisou) 
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Experimental design and automatic 
sprinkling system 

On the sprinkling area of 25 m2 nine sprinklers 

have been installed. Water is brought from a nearby 
source (e.g., a tributary outside the plot). Data 

(artificial rain, soil moisture) are recorded in the 

data logger. The moisture sensors have been 
installed at 20 cm and 50 cm depths for agricultural 

and tracer experiments, respectively. 

Agricultural catchments 

Sprinkled area on grass or on ploughed field has 
been bordered by a piece of plastic down to 15 cm. 

Sprinkled water was led into a vessel under the 

topsoil (at depths of 15 to 25 cm) with discharge 
into a collecting vessel. During the sprinkling 

samples of water have been taken for determination 
of N-NH4, N-NO3 , K, P-PO4

-, and P. Samples of soil 

have been taken before and after the experiment. 

Plot experiments with tracing 

The sprinkled area has been bordered by a 
higher piece of plastic and the slope has been dug 

into 80 to 120 cm depth (Fig. 2). Troughs have been 

installed at depths 20 and 50 cm. Flow in them is 
measured with large tipping buckets. 

 
Fig. 2: Troughs (flumes/gutters) in the dug-off 

slope 

 
Experimental area was first sprinkled with „clean” 

water from the stream, then with water containing 
tracer (5mg/l NaCl). Samples of NaCl have been 

taken from a ditch at the foot of the slope and from 
the stream (upstream, middle and downstream the 

slope), outflow from the slope, which was clearly 

visible in the stream, and a more distant site on the 
stream (Fig. 3). 

 

 

Fig. 3: The set-up of the forest experiment 

Results and discussions 

Agricultural catchments - In April 2013 the 

experiment on ploughed field in the Kralovsky 

catchment was carried out before sowing maize. The 

sprinkling was done in two phases. In both first and 
second phases the large sprinkling intensity brought 

about overland flow. 
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 The number of samples collected was 37. 

Maximum concentrations of chemical substances 

occurred in the first phase. The nitrates showed 
some fluctuation in concentrations (Fig. 4), with 

maximum concentration 31 mg/l.  

 
Fig. 4: Kralovsky catchment experiment in April 

2013 – sprinkling and concentration of 
nitrates; x-axis is in minutes 

 
Maximum concentrations of total P and 

phosphates were 0.73 and 1.31 mg/l, respectively. A 
comparison of 3 experiments in different conditions 

is given in Table 2. 
 

Table 2.  Duration of sprinkling, total rain and the 
amount of water used 

DATE 
Time  Total rainfall  

(mm) 
Used amount  
of water (l) Start End Minutes 

17.4.2013 

KRÁLOVSKÝ STREAM - TOP SOIL 

 13:41  14:42 61 86,2 1683 

 15:47  16:30 43 61,4 1202 

12.5.2014 

KRÁLOVSKÝ STREAM - RIVER BANK - GRASS 

15:06 15:58 52 132,4 3300 

17:46 18:50 64 162,4 4060 

7.8.2013 

SMRŽOVSKÝ STREAM AFTER GRAZING - GRASS  

12:29 12:53 36 36,8 920 

13:47 14:18 31 46,8 1170 

15:01 15:27 26 27 675 

 

Experimental plots 

In the first phase of experiment from 7th to 10th 
October 2014 we sprinkled the plot directly with water 

with NaCl during 3 days. The lateral flow from the 

slope occurred only on the third day from the lower 
trough, i.e. on 9th October and later also from the 

upper one. Before the second phase started, the plot 
was sprinkled only with water on 20th October. The 

addition of NaCl followed on 21st Octobre 2014. 

Already the first day lateral flow started from the lower 
trough and at about midday from the upper one.  

On the second day, i.e. 21st October the highest 
conductivity in samples from both tipping buckets 

was measured. At the same time the conductivity 
has been measured also in the stream, but it did not 

change much because of the distance between 

them. In Table 3 the duration of sprinkling, the 
amount of water and the concentrations of NaCl are 

given. Table 4 shows the average and maximum 
values of conductivity.  

Table 3: Times of applications of NaCl on meadow 
and forest plot 

 
 

Table 4: Average and maximum values of conductivity on experimental plot in October 2014 

Location Parameter 

Conductivity (µS/cm) NaCl (mg/l) 

Time 7-9.10.2014 20-21.10.2014 7-9.10.2014 20-21.10.2014 

The creek-
immediately 
upstream the 
slope 

average 140 147 31 30 

maxim value 8.10.2014 20.10.2014   

151 153   

The creek - 
immediately 
downstream 
the slope 

average 146 160 30 34 

 
 
maxim value 

 20.10.2014   

(3x) 148 183   

tipping bucket 
on the upper 
trough 

average 129.3 5820.1   

 
maxim value 

9.10.2014  
12:35 

21.10.2014  
11:55 

9.10.2014 
11:55 

21.10.2014  
14:30 

139 8700 42 707 

tipping bucket 
on the lower 
trough 

average 475.5 4850   

 
maxim value 

9.10.2014  
17:45 

21.10.201  
12:50 

9.10.2014 
10:50 

20.10.2014  
10:00 

807 8270 707 689 

TOTAL CONCENTRATION NaCl

RAINFALL

l mm/m2

7.10.2014 10:50 17:10 4662 H2O+NaCl 186,5

8.10.2014 10:32 13:07 2096 H2O+NaCl 83,8

13:26 16:20 3093 H2O+NaCl 123,7

9.10.2014 7:47 8:08 550 H2O+NaCl 22

8:10 11:23 4359 H2O 174,4

20.10.2014 7:37 11:34 3857 H2O 154,3

11:53 14:56 3425 H2O+NaCl 137

21.10.2014 7:36 11:04 3392 H2O+NaCl 135,7

11:05 13:00 3091 H2O+NaCl 123,6

14.5.2016 16:45 17:31 789 H2O 46

15.5.2016 11:00 15:30 6245 H2O 250

16.5.2016 13:45 16:30 3120 H2O 125

17.5.2016 10:10 11:35 7656 H2O 76

17.5.2016 11:36 16:20 5774 H2O+NaCl 231

18.5.2016 10:00 16:07 7656 H2O+NaCl 303

19.5.2016 9:03 14:00 4270 H2O+NaCl 171

1.1.1900 15:20 16:55 5125 H2O+NaCl 172

20.5.2016 7:50 13:30 5663 H2O+NaCl 226
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In 2015 and 2016 the forest plot experiments 

have been carried out (Figs 2 and 3). Because of 
extreme drought in 2015, the best experiment 

showing the functioning of the plot, is the one in 
May 2016, when there was enough water in the 

brook after snowmelt. 

Unlike the meadow plot here the brook was quite 
near to the plot. The plot was sprinkled in the 

beginning only with water (3 and half days) and 
another 3 and half days with water plus NaCl. 

Conductivity was measured on selected sites in the 
stream. During sprinkling with the tracer, the 

samples were also taken. Unfortunately, during the 

whole period we did not observe the flow in the 
troughs, but the ditch/well at the foot of the slope 

filled up with water containing the tracer.  
The highest values of both conductivity and NaCl 

occurred in samples taken in stream close to the 

bank at the experimental plot. Times of sprinkling 
are shown in Table 3. Average and maximum values 

of conductivity and NaCl are in Table 5. The increase 
in conductivity is plotted in Fig. 5. 

 

 

Fig. 5: Artificial rainfall (mm/min) and conductivity (µS/cm) during the tracing experiment in May 2016 

 

Table 5. Average and maximum values of conductivity and NaCl on experimental plot in forest in May 
2016 

Location Value 
Parameter 

Conductivity (µS/cm) NaCl (mg/l) 

The creek-immediately upstream 
the slope 

average 164 31.3 

 
maxim  

19.5.2016 18.5.16 15:00 

172 34.6 

sample from creek near the 
bank in the place of distinct 
outflow from the slope (bank) 

average 183 53.175 

 
maxim 

19.5.16 16:00 17.5.2016 16:00 

211 62.6 

The creek - immediately 
downstream the slope 

average 174 40.1 

 
maxim 

19.5.2016 15:30 20.5.2016 10:30 

195 44.5 

The creek –  
upstream a bridge 

average 167 33.4 

 
maxim  

19.5.2016 13:40 20.5.2016 13:00 

185 37.9 

The observation  
well 

average 5450 2496 

 
maxim  

20.5.2016 10:30 20.5.2016 10:30 

7740 4951 

Conclusion 

The agricultural experiment - Increased 

concentrations occur in the period just after grazing 
or after fertilisation with manure. The highest 

concentration of nutrients occurred in experiments 

on the field after ploughing. The results correspond 

to results from rainfall – runoff events, when 
extreme rainfall causes the wash off the soil into the 

stream. 

The tracer pathways - The flow pathways are 
dependent on the soil cover, soil saturation and 

degree of the sloping down of the terrain. The 
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infiltration in forest soils is quite large due to a 

larger number of preferential pathways (e.g. pipes 

created by the roots). This might be the reason why 
we have not seen the lateral flow into the troughs, 

but only in the ditch/well at the foot of the slope. 
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Introduction 

The estimation of the hydrological response of a 

catchment on precipitation with high intensity 

represents a major issue in fluvial hazard mitigation 
which often consists of designing hydraulic retention 

structures. Different approaches are available to  

 
assess the runoff behaviour of complex landscape 

regions e.g. Mishra and Singh (2003), Schmocker-

Fackel (2007) or Peschke (1999).  
All of them are based on an existing database 

about the geo-, pedo-, and bio-inventory including 
additional information about land use issues. For the 

estimation of hydropedological parameters like the 

distribution of the pore volume or the saturated 
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Abstract 

In the State of Lower Austria, rainfall-runoff models it is an 
acknowledged method used when estimating flood peak 
discharges for small catchments where there are no direct 
gauging observations. An important input parameter for these 
models is the volumetric runoff coefficient, which was estimated 
by rather simple methods until now (for instance the CN-method 
of the U.S.G.S), which did not provide very reliable results. 
The project HYDROBOD intends to provide a solid and 
homogeneous database of some basic soil hydraulic parameters 
over the whole state area (over 19.000 km²) and contains a 
hydrological model for estimation of these runoff coefficients 
which takes into account some relevant input variables.  
In a first step (HYDROBOD I), hydraulic soil parameters are 
calculated by regionalization methods and assembled for the 
whole area of Lower Austria, using a GIS-database (ESRI ArcGIS 
10.2; at a 50 x 50 m grid). They include soil layer depth, storage 
capacity, saturated vertical conductivity, plus a classification of 
the soil reaction types referring to storm events. These data are 
now available for three soil layers, from top soil down to 1 m 
below surface. In a second step (HYDROBOD II), a vertical one-
dimensional event model was set up which allows to calculate 
storm event runoff coefficients on a cell-by-cell basis for any 
given area in Lower Austria.  
This model uses the hydraulic soil parameters obtained from 
HYDROBOD I, plus an estimation of unsaturated vertical pore flux 
and a soil water storage model with several modules. This model 
needs the following input parameters: a shape-file with the 
catchment area, and pairs of rainfall data (duration + rainfall 
depth).  
Results of a calculation process are: runoff coefficients (as an 
average over the catchment area) for each pair of rainfall data, 
and for different initial wetness scenarios (from “dry” to 
“saturated”). Validation of the model is promising. 

Keywords: runoff coefficient, soil classification, soil mapping, 
soil hydraulic properties, regional scale, Lower Austria 

Rezumat. HYDROBOD: obținerea unui SIG – bazat pe o 
bază de date cu soluri hidrologice și un calculator al 
coeficientului de scurgere pentru Austria de Jos 

În statul federal Austria de Jos, modelul ploaie-scurgere este o 
metodă recunoscută si utilizata în estimarea debitelor maxime ale 
viiturii, în bazine hidrografice mici, acolo unde nu exista măsurători 
hidrometrice directe. Un important parametru de intrare pentru 
aceste modele este coeficientul de scurgere volumetric, care până 
în prezent a fost estimat prin metode destul de simple, (de 
exemplu, metoda CN a U.S.G.S), însă aceasta nu a oferit rezultate 
foarte fiabile. 
Proiectul HYDROBOD își propune să ofere o bază de date solidă și 
omogenă a unor parametrii hidraulici de sol de bază pe întreaga 
suprafață a statului (peste 19.000 km²) și conține un model 
hidrologic pentru estimarea coeficienților de scurgere, care să țină 
cont de anumite variabile relevante de intrare. În prima etapă 
(HYDROBOD I), parametrii hidraulici ai solului se calculează prin 
metode de regionalizare și se asamblează pentru întreaga Austriei 
de Jos, folosind un baze de date SIG (ESRI ArcGIS 10.2; 50 x 50 
m celulă). Acestea includ adâncimea stratului de sol, capacitate de 
stocare, conductivitate verticală saturată, plus o clasificare a 
tipurilor de reacție a solului specifice evenimentelor pluviale. 
Datele sunt acum disponibile pentru trei straturi de sol, de la 
suprafața solului în jos, pană la 1 m. În a doua etapă (HYDROBOD 
II), a fost reglat un model eveniment vertical unidimensional, care 
sa permită calculul coeficienților de scurgerile pentru o ploaie in 
fiecare celulă din zonă Austriei de Jos. Acest model utilizează 
parametrii hidraulici ai solului obținuți din HYDROBOD I, plus o 
estimare a fluxului vertical a porilor nesaturați și un model de 
retenție a apei in sol cu mai multe module. Modelul are nevoie de 
următorii parametri de intrare: un fișier cu forma bazinul 
hidrografic și un set de precipitații (durata si strat). Rezultatele 
calculelor sunt: coeficienți de scurgere (ca medie pe bazinul 
hidrografic) pentru fiecare pereche un set de precipitații pentru 
diferitele scenarii de umiditate inițiala (de la "uscat" la "saturat"). 
Validarea modelului este promițătoare. 

Cuvinte-cheie: coeficient de scurgere, clasificarea solului, 
cartarea solului, proprietăți hidraulice ale solului, scara regionala, 
Austria de Jos 
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hydraulic conductivity from known soil properties, 

diverse approaches exist, e.g., Wösten et al. (2001) 

or Puhlmann and von Wilpert (2011).  
A multiplicity of different rainfall-runoff models is 

using hydropedological parameters (e.g. Schulla, 
1997) as well as generated conceptual hydrological 

maps (e.g. Kohl, 2011). While deterministic models 

need a very specific knowledge about site 
characteristics, empirical models often do not 

respect physical characteristics of the site.  

For small ungauged catchments, it is common in 

Lower Austria to use rainfall-runoff models in order 

to calculate flood design discharges. Lower Austria is 
Austria’s largest state, with a total area of more than 

19.000 km², and with elevations between 150 and 
2000 m above sea level.  

The climate ranges from semi-arid to semi-

humid. Figure 1- left shows the project area, and 
Figure 1- right, a map of mean annual precipitation 

Austria. 

  

Fig. 1:  Location of the project area (left) Mean annual precipitation in Lower Austria (right) 

 

Materials and methods 

One main input parameter for these rainfall-

runoff models is the volumetric runoff coefficient, 
which represents the relation between the part of 

the rainfall that contributes to the flood wave, 
divided by the total rainfall (equation 1). 

 
y = Neff/Ntotal  (1) 

 
where: 

 y = runoff coefficient 
Neff = effective rainfall 
Ntotal = total rainfall 

 
Before the HYDROBOD project, the volumetric 

runoff coefficient was estimated by rather simple 

methods using a relation to land cover and a gross 
estimation of the density of the soils. However, until 

shortly ago, no continuous database of soil 
parameters was available to cover the whole area of 

Lower Austria.  
The actual availability of lots of data concerning 

orography, geology, soil maps and land cover 

allowed to start an ambitious project to put these 
together and obtain a new database and a tool 

which might help to calculate the runoff coefficient 
in a different way, with more reliable results. This 

project is carried out in two steps: 

 

 

HYDROBOD I 
The goal of the first part of this work 

(HYDROBOD I) was to obtain a continuous GIS-

based data set for the whole area of Lower Austria 
(plus a buffer outside the border line), in a 50 x 50 

m grid, with soil parameters which are relevant for 

hydrological processes, such as soil layer depth, 
storage capacity, saturated vertical conductivity, 

plus a classification of the soil reaction types 
referring to storm events.  

These data are now available for three soil 

layers, from top soil down to 1 m below surface (or 
less, if soil thickness is smaller): 0 - 20 cm; 20 - 50 

cm; 50 - 100 cm). 
These soil hydraulic parameters were calculated 

cell-by-cell, using the available information about 

elevation, soil types (including soil maps), geological 
maps, land use, etc., and applying pedo-transfer 

functions which were calibrated by using point data 
from Lower Austrian soil inventory.  

For agricultural land, soil information input (soil 
maps, point data) is available at a high spatial 

density; however, in forest areas, the available 

information comes from a rather widely scattered 
network of sample points. Figure 2 shows the 

calculated storage capacity as an example for the 
results. 

 

HYDROBOD II 
In the second part of the work, an ESRI GIS-

based tool was developed which allows estimating a 
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volumetric runoff coefficient for storm events, on a 

cell-by-cell basis, for any pair of precipitation input 

data (duration + rainfall depth).  
It is a 1D model, based on vertical columns for 

each grid cell. No restrictions are made for 
horizontal efflux from the system cells in any layer. 

These were the requirements for the tool: 

- storage model which contains the main flux and 
storage processes in every vertical column (each 

grid cell from a 50 x 50 m grid); 
- running in ESRI ArcGIS 10.x; 

- giving results for any defined shape file 

(“catchment”) within the project area (Lower 

Austria + buffer); 
- for any pair of values for rainfall events (given by 

event duration + rainfall depth); 
- scenarios “with” and “without” capping (due to 

silting); 

- 4 different initial wetness scenarios (at the 
beginning of the event): dry, medium, wet, 

saturated. 
 

 

Fig. 2: Calculated storage capacity (for top 100 cm of soil) 

The program provides the results in a text file 
and (as option) also in maps. A storage model was 

set up to simulate the behavior of the soil surface 

and three soil layers down to 1 m below surface.  
It was calibrated with data from several 

catchments and research plots. 
For this tool, results of “HYDROBOD I” are used 

as input parameters. Additionally, an estimation of 

unsaturated vertical pore flux [using the “G-value” 
concept according to the definition of Smith and 

Parlange (1978), see equation (2)] is applied.  
 

 

    dK
K

G
s

*
1

0




  (2) 

where: 
G = effective net capillary drive; 
Ks = saturated hydraulic conductivity; 
=matrix potential; 
K(hydraulic conductivity at matrix 

potential;  
d = diffusivity. 
 

The calculation itself uses a one-dimensional soil 
water storage model, consisting of several modules 

(Fig. 3), to calculate vertical flux and lateral efflux. 

Referring to initial wetness scenarios, HYDROBOD II 
allows to calculate different initial wetness scenarios, 

using a topographic wetness index to classify areas 
where the wetness class is increased or decreased 

by one step in respect to the orographic position (for 

slopes higher than 2%). Another module takes into 
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account the effects of capping (siltation), and 

simulates decreases in saturated vertical hydraulic 

conductivity of the upper soil layer between 0 and 
90%, depending on the soil type and the land use. 

 
Fig. 3: Scheme of modular concept HYDROBOD II 

Results and discussions 

Figure 4 shows a result for a catchment in the 
Flysch region of Lower Austria, the catchment of 

Boeheimkirchen/Perschling (app. 50 km²), for 
design precipitation of 100 years return period. The 

HYDROBOD database is limited in its accuracy due 
to the fact that for forested regions there was a 

scarcity of good data, and therefore regionalization 

methods had to account for the estimations. 

The HYDROBOD database is limited in its 

accuracy due to the fact that for forested regions 

there was a scarcity of good data, and therefore 
regionalization methods had to account for the 

estimations. 
Moreover, the size of the grid cells (50 x 50 m) is 

a limiting factor for spatial resolution. The storage 

model takes into account only 1-dimensional flux for 
a rainfall event. It is an event model, neglecting 

evaporation or other fluxes from down to up.  
Further studies will have to be performed, to 

define which linear combinations of wetness 
scenarios are relevant in different parts of Lower 

Austria to obtain the best predictor for the runoff 

coefficient, in order to combine it with the given 
design precipitations of different time durations, for 

the calculation of appropriate flood waves. 
Advantages of HYDROBOD:  

- quick calculation of runoff coefficients, without 

need of field exploration;  

- homogeneous data set for whole Lower Austria; 

flexible tool, also apt to calculate historic 

events; 

- capable of calculating different initial wetness 

scenarios;  

- map of soil hydraulic parameters also useful for 

other projects and studies. 

 

  

Fig. 4: The runoff coefficients for the 100-year’s rainfall event at different wetness scenarios in 
“Boeheimkirchen/Perschling” catchment (up)   
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Conclusion 

The HYDROBOD project provides the first 

homogeneous GIS database of hydrological soil 

parameters that covers whole Lower Austria.  
Furthermore, a GIS-based model allows a quick 

calculation of volumetric runoff coefficients which 
can be used in rainfall-runoff models, for any given 

area within Lower Austria, and at different initial 

wetness scenarios.  
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Introduction 

Small river catchments serve as key contributors 

of pollution reaching marine bodies of water. The 

water quality in such catchments is often poor in 
terms of water chemistry and various physical 

attributes. This is often due to the location of small 
catchments in urban areas where the number of 

potential sources of pollution is very large (Smol, 

2008). This source of pollution is often omitted in 
large-scale evaluations of marine water chemistry 

due to a lack of water monitoring systems in small 
river catchments. It is often assumed that small 

catchments are largely irrelevant in overall marine 
water chemistry. This may not be the case. An  

 

assertion of this type may be true of one river or 

stream, but if the number of rivers and streams is 
larger, then these small sources of pollution do 

become important. This is especially true of biogenic 
ions, which is well-illustrated by the situation in the 

Bay of Gdańsk. The catchment of the Bay is 

dominated by the Vistula River in terms of 
geographic size and the quantity of water supplied. 

However, other watercourses directly feeding the 
Bay including the ones analyzed in this paper (rivers 

and streams in the city of Sopot) deliver more than 
1/8 of all the water reaching the Bay. This is a 

substantial quantity of water (Cyberski, 1997).   
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Abstract 

The purpose of the study is to determine the quantity of 
wastewater entering the Gulf of Gdańsk, which is part of the Baltic 
Sea. The study area consists of small river catchments in the city 
of Sopot, which lies along the Gulf.  
The research also aims to determine wastewater release volumes 
over time, instead of focusing only on spatial distributions. 
Another aim is to identify main determinants potentially affecting 
water quality in rivers flowing across the city of Sopot. Land use is 
also considered as a factor. The study area consists of seven small 
river catchments in the city of Sopot, each with an open flow 
channel. The study period was 2014 – 2015. Laboratory tests 
were performed to determine the concentration of both total 
nitrogen and total phosphorus. Other metrics in the study 
included pH, specific conductivity, water temperature, dissolved 
oxygen content, and suspended matter content. Discharge was 
also measured for each studied river. Comparisons were then 
made with local meteorological data. Research has shown that 
none of the 6 studied rivers experienced concentrations of total 
nitrogen above the norm accepted in Poland for Class 1 water 
quality (5 mg·dm-3). Mean annual values ranged from 0.60 to 1.28 
mg·dm-3. The Class 1 norm for phosphorus (0.2 mg·dm-3) was 
also not exceeded in the case of total phosphorus in any of the 6 
studied rivers. Phosphorus values ranged from 0.066 to 0.1 
mg·dm-3. The annual load supplied by all 6 rivers in the Sopot city 
area during the study period was 4,295.9 kg for total nitrogen and 
370.2 kg for total phosphorus. For the purpose of comparison, the 
load supplied by Poland as a whole in the year 2012 was: 
210,768,000 kg total nitrogen, and 15,269,000 kg total 
phosphorus. In summary, the 6 small rivers discussed in this 
paper contribute 0.002% of the biogenic load supplied to the 
Baltic Sea by Poland as a whole. 

Keywords: city of Sopot, the Bay of Gdańsk, small river, 
pollution, load, urban catchment  

Rezumat. Debite de apă poluate şi deversate în Golful 
Gdansk de bazine hidrografice mici, în orașul de 
coastă Sopot 

Scopul studiului este determinarea cantitativă a apelor uzate care 
intră în Golful Gdańsk - parte din Marea Baltică. Zona de studiu este 
formată din bazine hidrografice mici în orașul Sopot, acesta se 
întinde de-a lungul golfului. Cercetarea urmărește, de asemenea, 
pentru a determina în timp, volumele de apă uzate deversate şi nu 
pe distribuțiile spațiale. Un alt scop este acela de a identifica factorii 
determinanți principali care pot afecta calitatea apei în râuri care se 
varsă în dreptul orașului Sopot. Utilizarea terenului este considerată 
factor determinat. Zona de studiu este format din șapte bazine 
hidrografice mici, în orașul Sopot, fiecare cu un canal de curgere 
deschis. Perioada de studiu a fost 2014 - 2015. Testele de laborator 
au fost efectuate pentru a determina concentrația atât a azotului 
total, cât și a fosforului total. Alte măsurători incluse în studiu: pH, 
conductivitate specifică, temperatura apei, conținutul de oxigen 
dizolvat și conținutul de substanțe în suspensie. Pentru fiecare râu 
studiat au fost măsurate debite de apă. Au fost realizate şi 
comparații cu date meteorologice locale. Cercetările au arătat că nici 
unul dintre cele 6 studiate râurile au prezentat concentrații de azot 
total peste norma acceptată în Polonia pentru clasa 1 de calitate a 
apei (5 mg·dm-3). Valorile medii anuale a variat 0.60-1.28 mg·dm-3. 

Clasa 1 norma pentru fosfor (0,2 mg·dm-3), nu a fost depășită în 

cazul fosfor total în oricare dintre cele 6 râurile studiate. Valorile 
fosforului au variat 0.066-0.1 mg·dm-3. Cantitatea anuală tranzitată 

de cele 6 râuri din zona orașului Sopot, în timpul perioadei de studiu 
a fost de 4.295,9 kg pentru azot total și 370,2 kg pentru fosfor total. 
În scop comparativ, conținutul furnizat de Polonia în ansamblu, în 
anul 2012 a fost: 210.768.000 kg de azot total, și 15.269.000 kg 
fosfor total. În final, cele 6 râuri analizate în lucrare contribuie în 
ansamblu, cu  0,002% din masa biogenică furnizată la Marea Baltică 
de către Polonia. 

Cuvinte-cheie: orașul Sopot, Golful Gdańsk, râu mic, poluare, 
debite solide, bazin hidrografic urban 
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The Bay of Gdańsk is a body of water 

experiencing strong human impact. The primary 

source of pollution in the Bay is water from the 
Vistula River, with atmospheric precipitation and 

influx from urban areas serving as additional 
sources. The three main urban areas in this region 

are the cities of Gdańsk, Gdynia, and Sopot, also 

known as the TriCity. The total nitrogen load 
supplied by the Vistula to the Bay is 118,000 tons 

per year (on average), which is 15% of the total 
nitrogen influx into the Bay. The river’s total 

phosphorus load is 7,000 tons per year, which is 
19% of the total phosphorus influx into the Bay. 

Urban pollutants also reach the Bay mainly via urban 

watercourses, wastewater systems, coastal 
shipyards, seaport operations, and the region’s 

petrochemical industry (Andrulewicz & Witek, 2002). 
The increase in pollution increases the load of 

mineral materials accelerating the eutrophication of 

water. This problem grows in magnitude in line with 
the intensification of agriculture, urbanization, 

industrialization, water recreation and water sports, 
vehicular traffic, and changes in catchment land use. 

The study attempted to determine the size of the 
pollutant load reaching the Bay of Gdańsk from the 

coastal city of Sopot. The hypothesis in the study is 

the following: there exists a relationship between 
land use in the city of Sopot and the pollutant load 

carried by watercourses, while the pollutant load 
varies seasonally.  

The study sought to determine not just spatial 

changes in the form of load size based on 
geography, but also changes over time, which is 

very important in the context of the 2007 HELCOM 
Action Plan adopted by countries bordering the 

Baltic Sea as well as the European Union in which 

the purpose is to help improve the ecological quality 
of the Baltic Sea. In the Plan, the main goal is to 

reduce the quantity of nutrients reaching the Baltic 

Sea by 70% (phosphorus) and 33% (nitrogen) 

(Brusendororff & Ostojski, 2008). 
Sopot is one of Poland’s best known recreational 

cities found on the Bay of Gdańsk. It is crisscrossed 
by 12 watercourses collecting rainwater from the 

moraine hills surrounding the city. Water quality in 

these watercourses varies depending on the variants 
of urban pollution encountered along the way to the 

Bay. This sometimes leads to beach closures and 
bathing area closures (Robakiewicz, 2006). The local 

government began a reconstruction program in the 
last decade designed to help eliminate all potential 

sources of water pollution in the area. The program 

consists of the reconstruction of the local water and 
sewer system as well as the construction of 

collection vessels funneling polluted water far into 
the Bay of Gdańsk. 

Materials and methods 

Methods 

The study area consists of the catchment area of 

seven streams flowing via uncovered channels 

across the coastal city of Sopot: Swelina, Kamienny 
Stream, Grodowy Stream, Babidolski Stream, 

Haffnera Stream. The study area also includes a 
catchment of drainage ditches in Northern Park (Fig. 

1). The study was carried out in 2014 – 2015. The 
primary work effort consisted of fieldwork. Gauging 

sites were established in order to collect water 

samples for laboratory analysis. Discharge was also 
measured. Gauging sites on streams were 

established at easily accessible locations at the end 
of each designated section of each stream channel 

(open channel). Figure 1 shows the location of 

gauging sites. Stream discharge was measured 
using an electromagnetic gauge made by Valleport.  

 

 Fig. 1:  Study area and location of gauging sites
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Measurements were performed monthly at 

selected gauging sites using Valleport and other 

types of gauges (multi-parameter HQ30 and HQ40 
made by Hach). The following types of 

measurements were performed: pH, oxygen 
content, electrolytic conductivity, suspended matter 

(total), water temperature.  

All laboratory analysis was performed at the 
Department of Hydrology at the University of 

Gdańsk. The resulting data consisted of the 
concentrations of total nitrogen and total 

phosphorus. A Nova 400 spectrophotometer made 
by Merck was used for each determination. 

Unpublished reports were also reviewed at the Road 

and Park Authority (Department of Rainwater 
Collection and Drainage) in Sopot and the Institute 

of Meteorology and Water Management in the 
neighboring city of Gdynia. 

Characteristics of the study area 
The study area is part of the Baltic Sea’s direct 

catchment area. A characteristic feature of this area is 

the occurrence of numerous short watercourses 
draining the local uplands and flowing into the Bay of 

Gdańsk. Valleys in the Sopot area and depressions in 

area moraine hills are home to spring areas yielding 

12 natural watercourses (permanent) and a number 
of seasonal watercourses. In addition to the studied 

watercourses listed in the Methods Section, the city of 
Sopot is also home to several other streams: 

Graniczny, Karlikowski, Środkowy, Bohaterów Monte 

Cassino, Kuźniczy (Fig. 1). The total length of all 
streams in Sopot is 16.2 km, with 27% of this length 

being in the form of open channels. Among the 6 
studied rivers the 4,4 km of watercourses flow 

underground and 5,2 km flow uncovered.  
Also, it is important that uncovered sections of 

streams are located in the natural green areas of the 

catchments.  
Table 1 shows watercourse sections divided into 

open and closed as well as the surface area of 
selected watercourses.  

The length of the studied watercourses varies 

from a mere 0.4 km (drainage ditches) to 2.9 km 
(Kamienny Stream). Catchment surface areas vary 

from 0.11 sq. km (Grodowy Stream) to 3.2 sq. km 
(Kamienny Stream) (Table 1).    

Table 1: Length of studied watercourses and catchment surface area 

Name of 
river 

The length of the trough (km) Catchment area 
(sq. km) covered uncovered total 

Swelina 0.2 2.4 2.6 3.16 

Drainage ditches 0.0 0.4 0.4 0.23 

Kamienny 1.7 1.2 2.9 3.20 

Babidolski 0.7 0.8 1.5 0.77 

Grodowy 0.5 0.2 0.7 0.11 

Haffnera 1.3 0.2 1.5 0.40 

 The city of Sopot is also home to 11 retention 

ponds and scenic ponds - areas used for recreation 
(see Tab. 2). Most of the ponds are located along 

stream channels and are designed to help mitigate 
the effects of heavy rainfall. The two largest ponds 

are called Staw Obodrzyców and Stawy Młyńskie – 

each with a capacity of 3,220 m3. Scenic ponds 
include Morskie Oko and Stawowie. Most of the 

surface ponds are open bodies of water, except for 
ponds called Babidolskiego and 23 Marca. These two 

ponds are underground ponds.  

Sopot’s storm drainage system (70 km long) is 
linked directly with streams in the city. In the past, 

these streams were recharged mostly by drainage 
water and groundwater flowing down from the local 

uplands. At the present time, the primary source of 
recharge is water flow from the city’s rainwater 

collection system. As rain falls in the city, it washes 

out pollutants that make their way via local streams 

to the Bay of Gdańsk. This process used to cause 

closures of coastal bathing areas just a few years 
ago. Water quality norms were often exceeded, 

which forced such closures.  
In 2008 the local government initiated a project 

called “Funneling Sopot stream water far into the 

Bay of Gdańsk.” This is part of a European Union 
project promoting the cross-border protection of 

coastal waters in the Baltic Sea. The project is partly 
funded by an EU operating program called 

“Infrastructure and the Environment.” 

Land use in the study area was divided into the 
following categories: 

- green areas such as forests, patches of 
woodland, parks, meadows, grassy areas, organized 

green areas such as city squares and lawns as well 
as grass-surface sports facilities, so-called 

community gardens, cemeteries, beaches, surface 

waters, and unused areas; 
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- built-up areas such as residential areas, service 

areas, warehouse areas, and industrial areas; 

- areas with a hard surface such as parking lots, 
asphalt roads, and pedestrian walkways. 

Figure 2 shows the percentage share of each 
type of land use in the studied catchment. The 

predominant land use type in each studied 

catchment is green areas ranging from 54.7% for 
Grodowy Stream to 96.4% for Swelina. The studied 

catchments vary significantly in terms of built-up 
area coverage from a mere 2.1% in the Swelina 

catchment to 27.3% in the Grodowy Stream 
catchment. The percentage share of areas with a 

hard surface is the smallest in all the studied 

catchments, although exact percentages vary 
substantially from 1.5% in the Swelina catchment to 

18.0% in the Grodowy Stream catchment. 
 

 

Fig. 2: Land use distribution (%) for the studied 
catchments   

Results and discussions 

Investigated streams characterized by good 
oxygen conditions throughout the study period. The 

mean annual degree of oxygen saturation of water 
in the studied watercourses is shown in Figure 3.  

 

 
Fig. 3. Mean dissolved oxygen saturation rate for 

the studied watercourses 

 

No cases of saturation below 62% were noted in 
this study. All saturation degrees ranged from 62% 

(drainage ditches) to 97.2% (Haffnera Stream). 

According to the requirements of the European 
Union’s Water Framework Directive (2000) as well 

as rules of Polish Law on the classification of water 

quality in uniform sections of surface waters, water 

in a Class I stream should possess a dissolved 
oxygen concentration equal to or greater than 7 

mg·dm-3. Class II stream water is characterized by 
an oxygen concentration range from 5 to 7 mg·dm-3 

(Resolution of Poland’s Minister of the Environment 

dated August 20, 2008, Journal of Laws No. 162, 
Item 1008).  

The oxygen concentration in Swelinia, Kamienny 
Stream, Babidolski, Grodowy, and Haffnera streams 

exceeded 7 mg·dm-3 throughout the study period. 
Seasonal changes in water temperature were also 

noted. In the warmer months, the concentration of 

dissolved oxygen was around 10 mg·dm-3, while in 
the cooler months, it reached 13.5 mg·dm-3. The 

lowest dissolved oxygen content values were noted 
for drainage ditches in Northern Park. The average 

for the study area in the study period was 6.2 

mg·dm-3. The lowest value was noted in August at 
3.49 mg·dm-3. 

Water in the studied streams was slightly basic in 
the study period, but still within the normal pH 

range for surface waters. The lowest mean pH of 
7.63 was recorded in Grodowy Stream. The highest 

pH of 8.47 was recorded for Haffnera Stream (Fig. 

4). The mean value of electrolytic conductivity 
ranged from 301 μS·cm-1 in Grodowy Stream to 692 

μS·cm-1 in drainage ditches in Northern Park (Fig. 
5). All calculated values were found to be within the 

interval for natural waters.   

 
Fig. 4. Mean water pH in the studied watercourses 

 
Fig. 5. Mean electrolytic conductivity in the studied 

watercourses 

 
Total suspended matter content in Class I surface 

water should not exceed 25 mg·dm-3, while the 

value for Class II water should not exceed 50 
mg·dm-3 (Resolution of Poland’s Minister of the 

Environment, Journal of Laws No. 162, Item 1008).  
Figure 6 shows the mean concentration of total 

suspended matter in the studied watercourses. In 
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three instances, Class I water quality threshold values 

were exceeded: drainage ditches, Northern Park (38 

mg·dm-3), Grodowy Stream (25.4 mg·dm-3).  
 

 
Fig. 6. Mean concentration of total suspended 

matter in the studied watercourses 

 

In the remaining watercourses, total suspended 

matter content ranged from 19.6 mg·dm-3 (Haffnera 

Stream) to 24.3 mg·dm-3 (Kamienny Stream) (Fig. 

6). 

 The study focused on two biogenic ions – 
nitrogen and phosphorus. Both ions are vital to the 

existence and development of living organisms. 
However, an excess of both in water ecosystems 

leads to a process known as eutrophication (Volk et 

al., 2008). Sources of nitrogen in surface waters 
include urban wastewater, industrial wastewater, 

surface runoff from catchment areas, and 
atmospheric precipitation (Destouni, 2006). 

According to Polish Law on inland surface water 
quality, Class I water should not possess an 

instantaneous total nitrogen content in excess of 5 

mg·dm-3 (Resolution of Poland’s Minister of the 
Environment, Journal of Laws No. 162, Item 1008). 

Table 2 below shows the instantaneous 
concentration of nitrogen in the studied 

watercourses on the day of measurement. 

Table 2.  Instantaneous concentration of total nitrogen (mg·dm-3) in the studied watercourses in Sopot 

Date 
River 

Swelina Ditches Kamienny Babidolski Grodowy Haffnera 

04.03. 1.26 1.78 1.26 - - 2.10 

04.04. 0.85 1.03 1.10 - - 1.92 

06.05. 0.72 1.14 0.70 1.10 - 1.47 

03.06. 0.65 0.98 0.52 1.15 0.70 1.63 

08.07. 1.08 0.95 1.08 1.28 1.40 1.75 

05.08. 0.80 1.15 0.65 0.87 0.30 0.88 

02.09. 0.20 0.20 1.10 0.41 0.20 0.45 

03.10. 0.27 0.88 1.42 0.48 0.20 0.30 

07.11. 0.71 1.71 1.12 1.11 1.70 1.28 

04.12 0.20 0.20 0.69 0.20 0.57 0.97 

08.01. 0.21 0.22 1.20 0.20 0.98 1.53 

12.02. 0.32 1.89 2.02 0.94 1.20 1.02 
 

Research has shown that total nitrogen content 

in all of the studied watercourses did not exceed 
norms established by Polish Law for Class I water 

quality (5 mg·dm-3).  

The range of variance for instantaneous 
concentrations for the studied watercourses was 

ranging from 0.20 to 1.26 mg·dm-3 for Swelina 
Stream, from 0.20 to 1.89 mg·dm-3 for drainage 

ditches, from 0.20 to 1.28 mg·dm-3 for Babidolski 

Stream, and from 0.20 to 1.40 mg·dm-3 for Grodowy 
Stream.  

The nitrogen range for Kamienny Stream was 
somewhat different – from 0.52 to 2.02 mg·dm-3. 

Somewhat higher nitrogen content was also noted 
for Haffnera Stream – ranging from 0.30 to 2.10 

mg·dm-3.  

The nitrogen concentration varied substantially 
from season to season for each given watercourse. 

There does not exist a single overarching trend in 
total nitrogen content.     

The second examined ion in this study was 

phosphorus, which reaches surface waters in the 
form of organic and inorganic compounds (Abel, 

1989).  

Some of the phosphorus comes from the 
dissolution and weathering of certain phosphate-

containing minerals, residential wastewater, 
industrial wastewater, surface runoff, and 

atmospheric precipitation. Phosphorus found in 

aqueous ecosystems is often derived from the 
decomposition of organic matter.  

According to Polish Law on surface water quality, 
the concentration of total phosphorus in Class I 

waters should not exceed the value of 0.2 mg/ml 
(Resolution of Poland’s Minister of the Environment, 

Journal of Laws No. 162, Item 1008).  

Table 3 shows the concentration of total 
phosphorus in the studied watercourses for 

consecutive days of measurement. 
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Table 3. Instantaneous concentrations of total phosphorus (mg/ml) in the studied watercourses in 
Sopot 

Date 
River 

Swelina Swelina Swelina Swelina Swelina Swelina 

04.03. 0.062 0.051 0.063 - - 0.074 

04.04. 0.084 0.068 0.102 - - 0.098 

06.05. 0.061 0.036 0.048 0.129 - 0.063 

03.06. 0.087 0.078 0.068 0.104 0.047 0.087 

08.07. 0.111 0.241 0.104 0.081 0.054 0.112 

05.08. 0.094 0.172 0.095 0.095 0.059 0.065 

02.09. 0.124 0.085 0.063 0.086 0.065 0.094 

03.10. 0.087 0.031 0.200 0.020 0.029 0.052 

07.11. 0.038 0.172 0.097 0.101 0.089 0.093 

04.12 0.052 0.191 0.012 0.092 0.101 0.115 

08.01. 0.053 0.051 0.063 0.049 0.176 0.074 

12.02. 0.056 0.068 0.041 0.032 0.166 0.066 

   
The phosphorus concentration did not exceed 

the Polish norm for Class I waters in any of the 

studied watercourses (0.2 mg·dm-3). The mean 
value ranged from 0.066 mg·dm-3 for Babidolski 

Stream and Grodowy Stream to 0.1 mg·dm-3 for 
drainage ditches. Minimum values and maximum 

values for each given watercourse were similar.  

The overall minimum value was noted for 
Kamienny Stream at 0.012 mg·dm-3, while the 

overall maximum was noted for drainage ditches 

(0.241 mg·dm-3).  

The annual load supplied by all watercourses in 
the city of Sopot for the study period was 4,295.9 

kg for total nitrogen and 370.2 kg for total 
phosphorus. Research has shown that the largest 

nitrogen and phosphorus loads from the Sopot 

urban area are supplied to the Bay of Gdańsk by 
Kamienny Stream (Figs. 7, 8).  

 

Fig. 7. Annual load of total nitrogen supplied by 
selected watercourses in Sopot 

 

Fig. 8. Annual load of total phosphorus supplied by 
selected watercourses in Sopot 

By comparison, the load supplied by the entire 

territory of Poland in 2012 was 210,768,000 kg of 
total nitrogen and 15,269,000 kg of total 

phosphorus.  
The studied watercourses provide about 0.002% 

of the biogenic mass that is supplied to the Baltic 

Sea from Poland’s territory as a whole.  
Seasonal changes in the nitrogen load and 

phosphorus load in watercourses have been studied 
by a number of different researchers (Galicka et al., 

1991; Silva and Williams, 2001).  
Research has shown that larger loads of nitrogen 

can be detected in the winter months. This 

relationship was less clear in the case of 
phosphorus. In some cases, no seasonal variances 

in the phosphorus load could be found but in a 
study on other rivers in the coastal area of the Baltic 

Sea, Bogdanowicz (2004) was able to show that in 

the case of the nitrogen load, seasonal changes can 
be detected and also does not suggest seasonal 

variability in total phosphorus content.  
In the watercourses examined in this particular 

study, the nitrogen load increased between 

December and April and in some cases May. This 
period was followed a decrease in the total nitrogen 

concentration.  
No discernible seasonal pattern was detected for 

pollutants found in watercourses in the city of Sopot. 
Figure 9 shows the total nitrogen load in the studied 

watercourses divided into selected months and 

seasons of the year.  
In addition, Figure 10 shows instantaneous loads 

of total phosphorus.  
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Fig. 9. Seasonal differences in the instantaneous 

load of total nitrogen in the examined 
watercourses 

 

The largest instantaneous total nitrogen load 

values for Swelina Stream and Haffnera Stream 
were noted in the spring. The peak for Swelina 

occurred in March (0.04 gvs-1), while in Haffnera 
Stream in April (0.07 g·s-1). The lowest 

instantaneous total nitrogen load in both 

watercourses was measured in the autumn: (1) 
Swelina – 0.003 g·s-1 in September, (2) Haffnera 

Stream – 0.01 g·s-1 in October. The lowest pollutant 
concentration in Grodowy Stream (0.002 g·s-1) was 

detected in September, while the largest 
concentration was detected in the month of 

November (0.05 g·s-1). The largest instantaneous 

nitrogen load in Kamienny Stream was noted in 
February (0.08 g·s-1). The smallest total nitrogen 

load (0.02 g·s-1) was noted in June and August. 
Babidolski Stream was detected to transport the 

smallest quantity of total nitrogen in the winter. The 

December and January instantaneous nitrogen loads 
stood at 0.005 gvs-1, while the largest load (0.03 

g·s-1) was noted in May, July, and October. The total 
nitrogen load in drainage ditches was quite small 

throughout the study period, while the load 

maximum (0.004 g·s-1) occurred in March, 
November, and February. 

The largest instantaneous phosphorus load 
values for Babidolski and Haffnera streams were 

detected in the spring – in May in Babidolski Stream 
and in April in Haffnera Stream. In both cases, the 

value was about 0.003 g·s-1 (Fig. 11 left).  

The total phosphorus load in the two streams did 
not vary to a substantial degree during the remaining 

seasons of the year. The largest amount of total 
phosphorus transported by Grodowy Stream was 

noted in the winter and in the month of November 

(approx. 0.002 g·s-1). In the remaining months of the 
year, the value was about 0.0007 g·s-1.  

The smallest instantaneous phosphorus loads for 
Swelina and Kamienny Stream streams were noted 

in the winter.  
In other seasons of the year, Swelina Stream 

transported a similar load of about 0.002 g·s-1. The 

largest instantaneous total phosphorus load was 

noted in Kamienny Stream in October (0.01 g·s-1). 

 
Fig. 10. Seasonal differences in the instantaneous 

load of total phosphorus in the examined 
watercourses 

 Discussion  
The degree of river water pollution depends on a 

variety of different factors. The most important of 

these factors is believed to be catchment land use 
(Silva et al., 2001). In the case of urban catchments 

with no surface runoff from agricultural land, water 
pollution levels are determined primarily by the 

following: 

- human-related sources of pollution; 
- pollution sources with a hard surface; 

- green urban areas protected with pesticides; 
- growth and decomposition of plants in aqueous 

ecosystems. 
In addition, the decomposition of organic matter 

leads to an increase in the phosphorus and nitrogen 

concentration in aqueous environments (Chatterjee, 
2009). 

Land use was analyzed as part of this study in 
order to produce a three-group land use 

classification:  

(1) green areas; 
(2) built-up areas;  

(3) areas with a hard surface.  
Figure 11 show the land use structure for the 

studied catchments. Land use is divided into the 
groups mentioned earlier, and green areas are 

further divided into natural green areas and green 

areas established by local residents including 
“community gardens” and cemeteries. Pollution 

levels are given for each catchment analyzed.  
The Grodowy Stream catchment possesses the 

largest share of areas with a hard surface (18%). It 

is also the catchment with the largest share of built-
up areas (27.3%). It is ranked fifth in terms of the 

pollutant load relative to the other studied 
watercourses. Pollutant values in Grodowy Stream 

are as follows: (1) total nitrogen – 526 kg, (2) total 

phosphorus – 52.5 kg. The largest share of 
anthropogenic green areas is found in the Babidolski 

Stream catchment at 48.3%. This catchment yields 
the third largest total nitrogen load (767.1 kg) and 
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the second largest total phosphorus load (77.3 kg) 

in the studied area. The largest share of natural 

green areas (77.5%) is found in the Swelina 
catchment, which is also the catchment with the 

largest total share of green areas (96.4%) in the 
study sample.  

The Swelina catchment is the fourth largest 

source of total nitrogen (605.6 kg) and the second 
largest source of total phosphorus (70.8 kg). The 

largest annual load of total nitrogen (1,382.2 kg) 
and total phosphorus (105.4 kg) was noted in the 

Kamienny Stream catchment.  

The smallest load of total nitrogen (66.5 kg) and 

total phosphorus (4.7 kg) was determined in 

drainage ditches in Northern Park. These 
catchments are characterized by similar land use. In 

addition, the surface area of areas with a hard 
surface is 8.7% in the drainage ditch catchment and 

8.6% in the Kamienny Stream catchment.  

The surface area of anthropogenic green areas is 
18% in both cases. Moreover, the surface area of 

built-up areas is 7.6% larger in the drainage ditch 
catchment, while the surface area of areas with a 

hard surface is 7.7% smaller than in the Kamienny 
Stream catchment.  

   

   Fig. 11: Annual total nitrogen (left) and phosphorus (right) loads versus catchment land use

Research has shown that there exists no 

relationship between the pollution load in each of 
the studied watercourses and land use in each 

corresponding catchment.  

The contribution made by small catchments to 
pollution in the coastal areas of seas is still an area 

in need of deeper analysis and remains 
characterized by significant changes over the course 

of the hydrologic year. The indicators used in this 

study – including nitrogen and phosphorus 
concentrations – were found to be low in the dry 

season, with values increasing rapidly during periods 
of rainfall.  

Moreover, this may result in an increase in 

vegetation that causes higher concentrations of 
biogenic matter in surface waters. Pollution was 

observed mostly in water samples obtained from 
surface runoff, which serves as the primary process 

of pollution in urban areas (Nicolau et al. 2006).  
According to work by Robakiewicz (2006), the 

first 15 minutes of rainfall leads to a worsening of 

water quality in surface waters, which may be 
explained in terms of a “cleaning” of the city of 

pollution by rainwater. However, Liu et al. (2011) 
assert that pollution is much greater in the dry 

season than in the course of atmospheric 

precipitation. The data collected in this study do not 
make it possible to unequivocally assert that either 

the dry season or wet season is predominantly 
responsible for the release of pollution into 

watercourses in the city of Sopot.  

The distribution of pollutants in the course of the 

year appears to be fairly uniform, which may be 
associated with the built-up nature of the study area 

surrounding the studied watercourses.      

Research by Takao et al. (2001) has shown that 
in the case of a semi-enclosed bay (i.e. Omura Bay), 

it is not direct human impact or river inflows that 
determine the total phosphorus load reaching the 

bay, but the influx of water from a local wastewater 

treatment plant. In this particular case, about 90% 
of the phosphorus load came from the treatment 

facility. However, this special case does not apply to 
the city of Sopot and Bay of Gdańsk, as the area 

does not have a wastewater treatment plant, and 

water collection vessels lead wastewater from the 
city area far into the Bay of Gdańsk – about 300 

meters away from the coastline.   
According to Ludwig et al. (2009), rivers flowing 

into the Mediterranean Sea as well as Black Sea 
funnel only a limited quantity of biogenic ions into 

each body of marine water. This is especially true of 

phosphorus. The primary source of biogenic ions in 
these cases was surface runoff arriving from 

agricultural areas that utilize fertilizer. This appears 
to be correct, but what is important is the size of the 

river affecting the given marine body of water. 

Other important features are hydrologic 
characteristics of the studied rivers and the marine 

body of water as well as the rate of organic material 
delivery (Arreola-Lizárraga et al., 2016).  
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It is also important to search for other sources of 

pollution. According to Polkowska et al. (2001), such 

sources may include local roads and large motorways. 
However, in the case of Sopot, these types of sources 

seem to be not very relevant. Yet another local 
source of pollution is the local trash storage and 

processing facility (Fitzgerald et al., 2015).  

It is important to note that the principal 
determinant of eutrophication in coastal areas is the 

number of nutrient components (N, P, Si) funneled into 
the sea by large river systems as well as the 

equilibrium between these components (Billen et al., 
2007). This is important, as the Baltic Sea is one of the 

largest brackish seas in the world, while its topography 

and link with the North Sea limit the exchange of water 
with the Atlantic Ocean. Hence, any nutrients 

introduced into the Baltic Sea may linger there for up 
to 30 years (Neumann, 2007). In effect, elevated 

concentrations of nutrients in urban watercourses 

especially that of phosphorus, may lead to 
eutrophication and a general decline in water quality.  

Some watercourses may arise in groundwater 
aquifers whose elevated nutrient levels may be 

associated with coastal areas and the urban 
environment (Fitzgerald et al., 2015). Coastal lakes are 

also an important feature of the landscape and may 

serve as a sort of natural filter that accumulates part of 
the biogenic ion load moving down rivers that flow 

through these lakes (Jańczak & Niemirycz, 2011). 
Large quantities of nitrogen in land ecosystems 

resulting from human impact have led to a 

worsening of water quality on a regional scale, but 
are not included in the local analysis of water 

pollution. According to Zhang et al. (2015), the 
concentration of ammonium nitrogen in urban rivers 

is 3 to 5 times larger than that in rivers in a given 

region. Consequently, urban rivers have become a 
center of local water pollution.   

In the studied streams measured physico-
chemical parameters of water indicated that the 

type of land use does not affect the considerable 
water pollution mainly because a large percentage 

of watercourses are covered. Underground flow of 

watercourses significantly limits the surface flow of 
pollution from the catchment. 

 

Conclusion 

The hypothesis in the paper assumes that there 

exists a relationship between land use and the 

pollutant load in watercourses in the city of Sopot – 
and the pollutant load fluctuates seasonally. 

Research results in this study do not provide any 
basis for this type of conclusion. The reasons for this 

may include the following: 
- lack of major sources of pollution (e.g. trash 

storage facility) in the studied catchment; main 

sources of pollution are local roads and large 

motorways; 

- half of the studied watercourses flow underground 
(52%); 

- pollution filters and separation vessels at sites 
where precipitation water meets wastewater;  

- short watercourses and small catchment size – the 

largest annual load of total nitrogen and total 
phosphorus detected in the watercourse with the 

largest catchment area; 
- lack of seasonal variability in the pollutant load 

caused by the small mass of the biogenic 
substances transported by watercourses. 

Sopot is a tourist city with a lot of recreational 

options. It is attractive mainly because of its close 
proximity to the beach and bathing areas along the 

Bay of Gdańsk. This is why the city has been 
focused for years on maintaining good water quality 

in the Bay. Steps taken by the city in order to 

promote economic development are also positively 
impacting the state of the natural environment in 

the region. 
 The pollutant load originating in the city of 

Sopot may be described as small. The mass of 
pollutants supplied via the studied watercourses 

during the study period was the following: 4,295.9 

kg (total nitrogen), 370.2 kg (total phosphorus). For 
comparison, the pollutant load arriving from across 

all of Poland’s territory in 2012 was the following: 
210,768,000 kg (total nitrogen), 15,269,000 kg 

(total phosphorus). The pollutant load supplied by 

the studied watercourses stands at about 0.002% of 
the total pollutant mass supplied to the Baltic Sea by 

the entire territory of Poland. 
The instantaneous concentration of total nitrogen 

and total phosphorus in the studied watercourses 

never exceeded levels permitted for Class I surface 
waters based on Polish Law. Given the small size of 

the pollutant load supplied to the Bay of Gdańsk by 
the study area, a relationship between watercourse 

pollutant load size and local land use was not 
observed.   

The provision of an attractive tourist environment 

in coastal cities and towns is merely one good 
reason for introducing limits on pollutant release into 

the Bay of Gdańsk as well as the Baltic Sea as a 
whole. Policies adopted by the city of Sopot may 

serve as an example for other cities and towns in 

Poland.    

References 

Abel, P. (1989). Water Pollution Biology. Ellis 

Horwood Limited, England.  
Arreola-Lizárraga, J.A., Padilla-Arredondo, G., 

Medina-Galván, J., Méndez-Rodríguez, L., 
Mendoza-Salgado, R. & Cordoba-Matson, M.V. 

(2016). Analysis of hydrobiological responses to 



 
 

Pollution load released into the Bay of Gdańsk by small river catchments in the coastal city of Sopot 

114 forumgeografic.ro 

anthropogenic and natural influences in a lagoon 

system in the Gulf of California, Oceanological 
and Hydrobiological Studies, 45(1), 112–120. 

Andrulewicz, E. & Witek, Z. (2002). Anthropogenic 
pressure and environmental effects on the Gulf 
of Gdansk: recent management efforts. In: Baltic 

Coastal Ecosystems, Springer Berlin, Heidelberg, 

119-139. 
Billen, G. & Garnier, J. (2007). River basin nutrient 

delivery to the coastal sea: Assessing its potential 
to sustain new production of non-siliceous algae, 

Marine Chemistry, 106(1-2), 148–160. 
Bogdanowicz, R. (2004). Hydrologiczne 

uwarunkowania transportu wybranych związków 
azotu i fosforu Odrą i Wisłą oraz rzekami 
Przymorza do Bałtyku, Wydawnictwo 

Uniwersytetu Gdańskiego, Gdańsk.  
Brusendororff, A.C. & Ostojski, M. (2008). HELCOM 

jako międzynarodowy instrument ochrony 
środowiska Morza Bałtyckiego, w: Zagrożenia 
ekologiczne Morza Bałtyckiego, Senat 

Rzeczypospolitej Polskiej. 
Chatterjee, R. (2009). Projecting the future of 

nitrogen pollution, Environmental Science & 
Technology, 43(6), 1659-1659.  

Cyberski, J. (1997). Riverine water outflow into the 

Gulf of Gdansk, Oceanological Studies, 26(4), 65-
75.  

Destouni, G., Lindgren, G.A. & Gren, I.M. (2006). 
Effects of Inland Nitrogen Transport and 

Attenuation Modeling on Coastal Nitrogen Load 

Abatement, Environmental Science & 
Technology, 40(20), 6208-6214.  

Fitzgerald, A., Roy, J.W. & Smith, J.E. (2015). 
Calculating discharge of phosphorus and nitrogen 

with groundwater base flow to a small urban 

stream reach, Journal of Hydrology, 528, 138–
151. 

Galicka, W., Głowacki, Ł. & Penczak, T. (1991). 
Water pollution in the Upper Warta River in 

1985-1989, Acta Universitatis Lodziensis, Folia 
Limnologica, 5, 5-20. 

Jańczak, J. & Niemirycz, E. (2011). The role of lakes 

in inflow of water and biogenic substances in the 
polish part of the southern Baltic Sea, 

Oceanological and Hydrobiological Studies, 40 
(4), 116–123. 

Kot-Wasik, A., Żukowska, B., Dąbrowska, D., 

Dębska, J., Pacyna, J. & Namieśnik, J. (2008). 
Physical, Chemical, and Biological Changes in the 

Gulf of Gdańsk Ecosystem (Southern Baltic Sea), 
Reviews of Environmental Contamination and 
Toxicology, 179, 1-36. 

Liu, S., Lou, S., Kuang, C., Huang, W., Chen, W., 

Zhang, J. & Zhong, G. (2011). Water quality 

assessment by pollution-index method in the 
coastal waters of Hebei Province in western 

Bohai Sea, China, Marine Pollution Bulletin, 
62(10), 2220–2229. 

Ludwig, W., Dumont, E., Meybeck, M. & Heussner, 
S. (2009). River discharges of water and 

nutrients to the Mediterranean and Black Sea: 
Major drivers for ecosystem changes during past 

and future decades?, Progress in Oceanography, 
80(3-4), 199-217. 

Łysiak-Pastuszak, E., Drgas, N. & Piątkowska, Z. 

(2004). Eutrophication in the Polish coastal zone: 
the past, present status and future scenarios, 

Marine Pollution Bulletin, 49(3), 186–195. 
Neumann, T. (2007). The fate of river-borne 

nitrogen in the Baltic Sea – An example for the 

River Oder, Estuarine, Coastal and Shelf Science, 
73 (1-2), 1-7. 

Nicolau, R., Galera-Cunha, A. & Lucas, Y. (2006). 
Transfer of nutrients and labile metals from the 

continent to the sea by a small Mediterranean 

river, Chemosphere, 63(3), 469–476. 
Polkowska, Ż, Grynkiewicz, M., Zabiegała, M. & 

Namieśnik, J. (2001). Levels of Pollutants in 
Runoff Water from Roads with High Traffic 

Intensity in the City of Gdańsk, Poland, Polish 
Journal of Environmental Studies, 10(5), 351-

363. 

Robakiewicz, M. (2006). Influence of Local Streams 
on the Quality of Water in the Coastal Zone in 

Sopot, Publs. Inst. Geophys. Pol. Acad. Sc., E-
6(390), 1-7. 

Silva, L. & Williams, D. (2001). Buffer zone versus 

whole catchment approaches to studynig land 
use impact on river water quality, Water 
Research, 35(14), 3462-3472. 

Smol, J. (2008). Pollution of lakes and rivers, 
Blackwell Publishing, Australia.  

StÅlnacke, P., Grimvall, A., Sundblad, K. & 
Tonderski, A. (1999). Estimation of riverine loads 

of nitrogen and phosphorus to the Baltic Sea, 
1970–1993, Environmental Monitoring and 
Assessment, 58(2), 173-200. 

Takao, Y., Ishibashi, Y., Hyodo, R., Kohra, S., 

Nagae, M., Arizono, K., Hayase, T. & Takemasa, 

T. (2001). Material Balance of Phosphorus in a 
Semi-Closed Bay Calculated with Actuality 

Measurements and Data of an Observation 
Satellite over a Long Period, Journal of Health 
Science, 47(2), 155-161. 

Volk, C., Kiffney, P.M. & Edmonds, R.L. (2008). 
Nutrient Limitation in Red Alder and Conifer 

Forested Streams of Western Wshington State, 
U.S.A., American Midland Naturalist, 159(1), 190-

199.  
Zhang, X., Wu, Y. & Gu, B. (2015). Urban rivers as 

hotspots of regional nitrogen pollution, 

Environmental Pollution, 205, 139–144. 
 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XV, Supplementary Issue (December 2016), pp. 115-123 (9) 
http://dx.doi.org/10.5775/fg.2016.141.s 

© 2017 Forum geografic. All rights reserved. 115 

Introduction 

Rainfalls are a central element in water equation 

balance in a catchment. From a hydrological point of 

view, knowing a rainfall feature at the different size 
analysis (e.g., depth; lifetime), based on empirical 

relationships (e.g., Hortonian infiltration), allows 
estimation of water resources variability. 

Characteristics of natural rainfall events play a 

decisive role in runoff formation, respectively flow 
particularities (e.g., discharges rates, peak flow, 

flood; erosion rates), water budget and water 
resources management. 

 

 

In the last period, numerous and various field 

studies have been conducted to investigate the 
rainfall regime at different scales (e.g., Llasat, 2001; 

Molini et al. 2011, Cheval et al. 2012). The global 
scale under greenhouse warming, the increase of 

daily extreme precipitation with ~ 7% per °C was 

found (Lenderink & Van Meijgaard, 2008; Berg et al., 
2013). Extreme daily rainfall intensity and/or 

frequency have also increased on most of the 
continents (Alexander et al., 2006; Min et al., 2011). 

Likewise, rainfall extremes in relation with 

temperature, at resolution time of 30-60 min or 
shorter were investigated by Haerter et al. (2010) for 

the territory of Germany; Hardwick-Jones et al. 
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Abstract 

Characteristics of rainfall events (RE) play a determinant role in 
the hydrologic process in a small catchment (e.g., runoff 
formation, flood elements), water balance and water resource 
management. The goal was to investigate temporal rainfall 
properties at events scale. The study was based on long-term 
properties of rainfall events (e.g., depths, intensities), recorded in 
the warm semester (the period between 1 April and 30 
September; 1980-2010) at Voinești Experimental Basin (VEB), 
Romania. Rainfall events values were recorded by a pluviograph, 
production of the former USSR. The rain gauge is situated at the 
central place of the VEB (altitude 500 m a.s.l.), in Curvature 
Subcarpathians. A valuable database with 1852 rainfall events 
characteristics was created. The depths (mm) and durations (min) 
of each RE were recorded and rainfall maximum and average 
intensities (mm/min) were calculated. Rainfall events were 
characterized by small depth (up to 15.7 mm; up to 90th 
percentile) ~ 93% and they were concentrated (34.4%) in May. 
Almost half of RE (48.2%), had short duration (up to one hour) 
and the smallest depth (95% confidence interval, 3.85–4.56 mm), 
while those with durations longer than 5 hours (10.5%) were 
specific the September (22.5%). Regarding maximum intensities 
of rainfall events, just 16 events exceeding 1 mm/min (0.86%), 
which denote insignificant occurrence - encountered phenomenon 
in all months, especially in August - and mild torrential character. 
Insignificant rainfall events correlations between rainfall 
parameters were observed. Just “time - depth” correlation has 
been notable (Pearson’s r: 0.631). Absolute frequency of rainfall 
events parameters in most cases shows a strong density of 
smallest interval. These results may have important implications 
for next runoff plot study. 

Keywords: rainfall events, pluviograph, depth, duration, 
maximum intensity, occurrence 

 

Rezumat. Proprietățile temporale ale ploilor la scara 
evenimentului în Subcarpații de Curbură (România) 

Caracteristicile evenimentelor pluviale (EP) joacă un rol 
determinant în dinamica procesele hidrologice din bazine 
hidrografice mici (de exemplu, formarea scurgerii, elementele 
viiturii), bilanțul apei și gestionarea resurselor de apă. Scopul 
lucrării a fost cercetarea proprietăților temporale asociate ploilor, 
la scara evenimentului. Studiul s-a bazat pe serii lungi de date ale 
proprietăților EP (de exemplu, starturi, intensități), produse în 
semestrul cald (1 aprilie - 30 septembrie; 1980-2010) la Bazinul 
Experimental Voinești (BEV), România. Valorile EP au fost 
înregistrate de un pluviograf, producție fosta URSS. Stația pluvio 
este situată în centrul BEV (altitudine 500 m dMN), în Subcarpații 
de Curbură. A fost creată o bază de date valoroasă cu 1852 de 
caracteristici ale EP. Starturile (mm) și duratele (min) fiecărui EP 
au fost înregistrate, iar intensitățile maxime și medii (mm/min) au 
fost calculate. EP s-au caracterizat prin straturi mici (până la 15,7 
mm; până la percentila 90) ~ 93%, concentrate în luna mai 
(34,4%). Aproape jumătate din EP (48,2%), au avut durate de 
scurte (până la o oră), şi cele mai mici straturi (interval de 
încredere pentru medie, 95%: 2.09–2.58 mm), în timp cele cu 
durate mai lungi de cinci ore (10,5%), au fost specifice lunii 
septembrie (22,5%). În ceea ce privește intensitățile maxime ale 
EP, doar 16 cazuri depășesc pragul ≥ 1 mm/min (0,86%), ceea ce 
denotă frecvență nesemnificativă -  întâlnit în toate lunile, mai ales 
în luna august - și caracter torențial slab. Au fost observate 
corelații neînsemnate între parametrii EP. Doar corelația "timp - 
strat" a fost notabilă (Pearson r: 0,631). Frecvența absolută a 
parametrilor EP în majoritatea cazurilor, prezintă o densitate 
puternică în cel mai mic interval. Aceste rezultate vor avea 
implicații importante în următorul studiu hidrologic cu parcele de 
scurgere.   

Cuvinte-cheie: eveniment pluvial, pluviograf, strat, durată, 
intensități maxime, ocurenƫă 
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(2010) for tropical Australia, and Utsumi et al. (2011) 

for Japan. The conclusions of those researchers found 

in general, that extreme rainfall intensity has an 
increasing trend. Extreme events, with short-duration 

in particular, have significant impacts, e.g., floods, 
urban and rural flash floods, erosion (Zaharia & 

Ioana-Toroimac, 2009; Costache et al., 2014; 

Constantin et al., 2014; Zaharia et al., 2016). 
Romanian scientific literature shows maximum 

intensities value of rainfall events; spatial-temporal 
distribution of intensities of rainfall events, trends 

for maximum annual precipitation amounts recorded 
in 24 hours (Dragotă, 2006; ANM, 2008; Cheval et 

al. 2012). Most of the extreme rainfall intensities 

values in Romania have been reported in the 
literature by Drobot (2006), Zoccatelli et al. (2010), 

thus: 10.3 mm/min la Curtea de Argeş (July 7, 
1889), 5.83 mm/min at Rîmnicu Sărat (June 28, 

1889), 5.16 mm/min la Piria (June 2, 1897); 2.81 

mm/min la Solont (July 29, 1991).  
Also, increasing trends have been found in the 

time series of the maximum annual precipitation 
amounts recorded in 24 h (Ştefănescu et al., 2014). 

In parallel to this work, Dumitrescu et al. (2014) 
suggested increasing trends in precipitation amount 

in autumn and decreasing trends in the other 

seasons. Croitoru et al. (2016), in terms of extreme 
precipitation indices, found that decreasing trends 

are dominant in the southern region, whereas 
increasing trends are specific to northern regions. In 

terms of pluviometric temporal variability and its 

trends at scale events, juxtaposed with a long 

database with hydrometeorological elements at 

microscale, we raised the question:  which is 
microscale hydrologic effect of rainfall events (e.g., 

long/short time, moderate/severe intensity and 
successive rainfall) on soil water balance plots (300 

sq. m) with runoff pathways: overland, subsurface 

and base flow (see Minea & Moroşanu, 2016) in a 
hilly area at the Voinești Experimental Basin, 

Romania. 
In this context, our paper is focused on 

identifying natural rainfall properties (e.g., depth, 
duration, and intensities) at events scale, from one 

rain gauge of the Voinești Experimental Basin (VEB). 

We investigated the statistics of space-time rainfall 
events with frequency distribution (measures of 

central tendency: mean, median; measures of 
dispersion: variance, standard deviation). 

  

Materials and methods 

Study Area 

From a geomorphologic standpoint, the area 

where the rain gauge is located, belongs to 
Curvature Subcarpathians, on the left bank of 

Dâmboviţa River (Fig. 1).  
The region has a temperate-continental climate, 

with four seasons. According to the Köppen System 
for climate classification, Curvature Subcarpathians 

are described by "Dfb" subtype (ANM, 2008). 

 

Fig. 1:  Map of the Voinești Experimental Basin with a location in Romania and Curvature Subcarpathians 
(up-left), respectively no. 3 rain gauge position (down-left)
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Based on the long-term (1967–2010) hourly 

temperature data provided by from NIHWM, the 

mean annual air temperature is 9.8°C (January = -
0.5 °C; July = 20.1°C), the area receiving an 

average of 782 mm precipitation annually with a 
high inter-annual variability (Fig. 2). Most rainfalls 

(63%), occur in the warm/growing period (the 

months April to September), and the highest 
number of rainfalls was recorded summer from in 

June (12.5%) to July (12.5%). 
 

 

Fig. 2: The temporal variability of precipitation 
depth (monthly average – a; monthly amount – 
b; and maximum of monthly amount – c) at no. 

3 rain gauge  

 

During the cold semester (November-March), the 

least significant precipitations are recorded, given the 
higher frequency of the continental air specific to the 

winter months. Cheval et al. (2012), enframe this 
study area among those with the highest national 

maximum intensity for 5 min duration and 1:10 years 

return period (e.g., 1.48-1.86 mm/min).  For 1:50 
years return period’s, in the same area, maximum 

intensity indicated around 2.57-2.72 mm/min at 5 
min. duration, and for 1:100 years return periods, 

maximum intensity it is 2.82-2.99 for 5 min. duration. 

Also, author’s determinate intensities corresponding 
to different durations (5 - 180 min.) and to three 

return periods (10, 50, 100 years).  
The mean potential annual evapotranspiration 

can reach 650 mm (ANM, 2008). The highest 
evapotranspiration measured on bare soil and on 

apple orchards were in June (78.3 mm and 99.9 mm 

respectively) when vegetation growth was at its 
highest intensity (Stan et al., 2014). Runoff is 

generated by spring snowmelt (March – April) and 
rainfall (long/short duration with low/high intensity) 

mostly during the summer (June - July). The 

dominant soil type in the experimental polygon is 

eutricambosoil. Traditional land use is oriented 

towards agro-pastoral activities. Vegetation cover is 

almost exclusively apple orchards, agriculture 
practiced in intensive and super intensive regime; 

followed by secondary grassland (Festuca pratensis, 
Centaurea cyanus, Trifolium, Taraxacum officinale) 

and deciduous forest. 

Data Collection  

Materials used in this paper (e.g., valuable long 

data series with rainfall events), are provided from 
Voinești Experimental Basin rain-gauge network, 

especially from station no. 3. These data are part of 
the National Institute of Hydrology and Water 

Management (NIHWM) archive. The no. 3 rain 
gauge station comprises from a pluviometer (stage 

non-recording) and a pluviograph - continuous rain 

recording (Fig. 1). 
Natural rainfall events data were collected and 

recorded (intensities) by float-siphon gauge 
(pluviograph), production of the former USSR, and 

complementary by a pluviometer (24 h rainfall 

amount). This rain gauge is situated at the centre of 
the VEB (45°05'07.16" N and 25°15'15.50" E 

Romanian Stereo 70 projection; altitude 500 m 
a.s.l.), and the measurements were taken at the 

height of 1,5 m above the ground (Fig. 1). 
Pluviograph features a reception area 500 sq. cm; 

the record is produced on a graph paper tape for a 

period of 1 day (pluviogram dimensions: 10 mm rain 
height and 24 h length; subdivision: 2/10 mm on 

vertical and 10 min on horizontal). For additional 
analysis of the precipitation accumulated during 24 

hours (07-19-07 h, local time: GMT/UTC +3h 

during Eastern European Summer Time), we have 
investigated the data from an IMC national 

precipitation storage gauge (reception area 200 sq. 
cm, at 1.5 m above the ground).  

The activities related to the creation of the 

electronic database (worksheet) have represented 
an important part of the study. The creation of the 

database consisted mainly in collecting data series, 
both by handwritten data transcription from 

Meteorological Tables and through data 
reconstitution by raw materials extraction from 

archive of Voinești Experimental Basin stations (e.g., 

graph papers/pluviograph chart, also known as 
pluviogram or LM 7; Meteorological Register - RM 2; 

field notebooks). 
Rainfall database was structured into elements 

concerning:  

a) time (start and finish); 
b) depth; 

c) average intensity, and maximum intensities.  
The depth (mm) and duration (min) of each 

rainfall event were recorded and rainfall intensity 
(mm/min) were calculated. The used was 1 April - 30 

September (growing season) from 1980 up to 2010. 

http://dictionary.cambridge.org/dictionary/english/known
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Methods 
In fact, because rainfall thresholds vary 

considerably from one source to another1, in order 

to determine the basic features of the rainfall events 

(cf. objective), descriptive statistics (correlation 
between multiple variables; frequency distribution; 

relationships between the rainfall variables) has 
been used in this paper.  

From database generated from 2086 rainfall 

events (RE) recorded, only those rainfall events 
with: depth ≥ 0.2 mm; duration ≥10 min; average 

and maximum intensity ≥0.010 mm/min have been 
taken into consideration. In this way, the final result 

is a new database with 1852 (88.8%) rainfall event 
characteristics. Precipitation intensity is defined as 

the amount of precipitation collected per unit time 

interval (WMO, 2010).  
The average intensity (i) of rainfall events was 

calculated as the ratio of the total amount of rainfall 
depth and period (see Eq. 1). It is expressed in mm 

per minutes (min). Maximum intensities of rainfall 

event were deciphered direct from instantaneous 
measurements intensity on pluviograms and 

represent a measured intensity over a certain time 
interval. 

 

i =
Rd

T
 (1) 

where: 
 Rd = rainfall events depth (mm) 
 T = duration of rainfall events (min) 
 

To identify statistics position of rainfall events, 

we have delimited and hierarchical rainfall events, 
with quartiles (deciles) as follows: extremely light 

rain (ELR), lower extreme (≤1%); light rain (LR) at 
lower quartile (Q1); rain (R): at median (Q2); 

moderate rain (MR), at upper quartile (Q3); heavy 
rain (HR), at upper extreme (≥ Q3 ≤ P95%); 

extreme heavy rain (EHR), at upper extreme (< P95 

≤99%); exceptionally heavy rain (ExHR), at upper 
extreme (> P99%).  

                                                
1 - Rainfall events can be classified by different criteria (e.g., 
meteorology: thresholds of average hourly intensity; 
geomorphology: for triggering shallow landslides and debris flow; 
hydrology: flash flood, flood forecasting or warning). Also, a 
rainfall event can be subjectively defined after certain thresholds 
(e.g., 0.1 mm, 5 mm, lower an upper percentile, etc.). To define 
extreme precipitation events for the United States, Karl et al. 
(1996) used a threshold of 2 inch (50.8 mm), and Westra et al. 
(2014) for climate science considered a rainfall extremes “events 
greater than some extreme threshold such as the 90th, 95th, or 
99th percentile of a cumulative distribution function”. World 
Meteorological Organization (WMO), consider that heavy 
rain/snow means rainfall or snowfall “greater than or equal to 50 
mm in the past 24 hours” (WMO, 2011). In Romania, in terms of 
hydrological, in the operative way of the national hydrological 
system, alert critical thresholds for critical of rainfall are 
considered those rainfall events which cumulate > 15 mm in 3 
hours and/or > 25 mm in 6 hours (Adler et al., 2014).  

Data processing and analysis were performed 

using MS Excel (v2016) and 

OriginPro (v9.3) software. All raw data 
manipulations (organization and prime analysis of 

dataset) were performed using MS Excel.   
Correlations and analysis between properties of 

rainfall events were achieved by using the function 

(e.g., descriptive statistic) of the 
software OriginPro (OriginLab). 

Results and discussions 

Statistical analysis of the 1852 RE, covering a 
period of 31 years from 1980 up to 2010, indicated 

a quantitative variation and temporal variability, 
intensities frequent diverse and various correlation 

levels between rainfall parameters.  

Based on a local rainfall occurrence, rainfall 
events can be classified into two categories: 

showers (convective) and continuous (stratiform).  

Depths  

According to quartile positions (depths size; non-
normal data), we have divided rainfall events depth 

in light (extreme light rain up to P90; representing 

the greatest proportion of 93%); moderate (>P90 ÷ 
≤P99; 169 de cases) and heavy (≥P99 up to 

exceptional heavy rain; 19 occurrences). As a result, 
we found (Table 1): 

a) light rainfall (0.2. – 15.79 mm); in terms of 
depth size, they have the highest occurrence in 

the analysed period (89.8%), whereas in May 

they are concentrated 34.4%;  
b) moderate rainfall (15.8-43.19 mm); low 

frequency (9.1%); characterized by the highest 
maximum intensities; specific interval June to 

July; 

c) heavy rainfall (43.2 - 155.3 mm); specific 
interval July – August (63.2%); rare frequency 

(1%). 

Duration 

The results obtained from hourly range 
(intervals) of rainfall events (e.g., 0.10 min up to 1 

hour; … up to 2 hours, etc.) various distributions of 
the depth sizes, intensities and frequencies have 

highlighted; thus, rainfall duration: 

a) ≥10 min up to one hour (48.2%) are 
characterized by depths between 0.2 and 37.8 

mm (2.34 mm average; 1.00 mm median; 95% 
confidence interval, 2.09–2.58 mm), average 

intensities (up to 0.840 mm/min) and 3 cases 

where maximum intensities reached the upper 
threshold 1 mm/min (0.3%); the incidence of 

short rainfall events is specific in May (21.8%), 
followed by June (20%); rainfall depths with 

this lifetime are representative; 

http://onlinelibrary.wiley.com/doi/10.1002/met.1391/full#met1391-bib-0031
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Table 1.  Descriptive statistics and dimensions of rainfall events (1980 – 2010) of no. 3 rain gauge, 

Voinești Experimental Basin 

Quartile positions ELR Q1 Q2 Q3 P90 P95 P99 ExHR 
IQR 

Size* light moderate heavy 

P
a
ra

m
e
te

r 

Depth (mm) 0.2 0.9 2.8 7.9 15.8 23.2 43.2 155.3 7 

Time (min) 2 25 60 140 320 460 895 2570 115 

In
te

n
si

ti
e
s 

Avg. (mm/min) 0.010 0.020 0.040 0.084 0.172 0.256 0.496 0.064 0.064 

Max. (mm/min) 0.010 0.033 0.071 0.190 0.395 0.560 1 0.157 0.157 

Avg=Average; Max. = maximum; ELR = extreme light rain; Q1 = 1st quartile, is defined as 25th percentile; Q2 = median is defined as 
50th percentile; Q3 = 3rd quartile is defined as 75th percentile; P = percentile; ExHR= exceptional heavy rain; IQR= the interquartile 
range, is defined as Q3-Q1; * = arbitrary classes.  

 

b) up to two hours (22.7%) is characterized by 
the depths between 0.60 and 43.1 mm (5.62 

mm average; 3.40 mm median; 95% 
confidence interval, 5.03–6.21 mm); low 

average intensity (from 0.01 up to 0.544 

mm/min); 3 cases in which peak of maximum 
intensities was superior to the threshold of 1 

mm/min (0.7%); 
c) up to three hours (10.4%) characterized by 

depths between 1.30 and 58.4 mm (8.63 mm 

average; 5.90 mm median; 95% confidence 
interval, 7.43–9.84 mm); low average intensity 

(from 0.01 up to 0.449 mm/min); 4 cases with 
peak of maximum intensities was superior to 

the threshold of 1 mm/min (2.1%); 
d) up to four hours (5.1%) is characterized by the 

depths between 1.80 and 42.2 mm (9.68 mm 

average; 7.00 mm median; 95% confidence 
interval, 8.01–11.3 mm); very low average 

intensity (from 0.01 up to 0.206 mm/min); one 
case with maximum intensities were equal to 1 

mm/min;  

e) up to five hours (3.1%) is characterized by the 
depths between 2.80 and 75.2 mm (14.6 mm 

average; 11.7 mm median; 95% confidence 
interval, 10.8–18.4 mm); low average intensity 

(from 0.01 up to 0.301 mm/min; 0.06 

average); one case in which peak of maximum 
intensities was superior to threshold of 1 

mm/min (1.2 mm/min); 
f) greater than 5 hours (10.5%) is characterized 

by the depths between 3.50 and 155.3 mm 
(18.9 mm average; 13.7 mm median; 95% 

confidence interval, 16.4–21.4 mm); very low 

average intensity (from 0.01 up to 0.158 
mm/min; 0.04 mm/min average); 2 cases with 

peak of maximum intensities was superior to 
the threshold of 1 mm/min (1.2 mm/min); 

monthly incidence of longer duration rainfall 

events is typical for September (22.6%), 
followed by May (20%) (Fig. 3).  

 

 

Fig. 3: Histograms and boxplots for September -
time cases of rainfall events - from no. 3 rain 
gauge, Voinești Experimental Basin (1980 – 

2010) 

Exceptionally heavy rainfall events (155.3 mm) 
occurred on 19 - 21 September 2005, longest 

duration corresponds to high lifetime production 

2570 minutes (Fig. 4). A secondary long duration 
rainfall event had 2190 minutes (see Fig. 4), 

recorded on 29-30 September, 2005 (depth 36 mm), 
followed by a third long duration rainfall events with 

1800 minutes recorded on 2-3 September, 1997 

(depth 93 mm). 
 

 

Fig. 4: Histograms and boxplots for May - time 
cases of rainfall events from no. 3 rain 
gauge, Voinești Experimental Basin (1980 – 
2010) 
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Intensities 

Our results on maximum intensity characteristics 
of the rainfall events show the following 

particularities: 16 events recorded higher values of 

intensity exceeding 1 mm/min (0.86%); 98 events 
with intensities ranging between > 0.5 and ≤ 1 

mm/min (5.29%), and 93.7% were ≤ 0.500 
mm/min.  

For maximum intensity exceeding 1 mm/min, we 

observed an average time of rainfall events of 242 
minutes, which varied between the minimum of 25 

and the maximum of 688 minutes. Depths of this 
rainfall varied from 3.90 - 67.3 mm.  

About rainfall events with maximum intensities 
ranging between > 0.5 and ≤ 1 mm/min, average 

time was 133 minutes and varied between minimum 

10 and maximum 695 minutes, and for rainfall with 
intensities ≤ 0.500 mm/min average time was 121 

minutes and varied between minimum 2 and 

maximum 2570 minutes (Fig. 5). High maximum 

intensity of rainfall events was recorded in 2005, 
when in August occurred three rainfall events, with 

maximum intensities ≥1.2 mm/min (August 17, 
2005 with 12.2 mm depth and 1.250 mm/min 

maximum intensity; August 5, 2005 with 67.3 mm 

depth and 1.200 mm/min maximum intensity; 
August 6, 2005 with 49.2 mm depth and 1.200 

mm/min maximum intensity).  
The absolute high maximum intensity of rainfall 

events was 1.840 mm/min and it occurred during 
from May 20, 1993, rainfall event (Fig. 5).  

High torrentiality phenomena events encountered 

in all months analysed, and highest occurrence is 
characteristic for August (6 cases), followed May (4 

cases). 

 

Fig. 5: Scatterplot matrix for a 4-dimensional rainfall events dataset and associated histograms with a 
kernel smooth distribution frequencies from growing season (1980-2010) at Voinești Experimental 
Basin 

Correlations 

The result of correlation test between rainfall 

variables (depth, time, average intensity, and 

maximum intensity) computed with correlation 
matrix reveled next particularities:  

(i) negative correlation coefficient between average 

intensity and time; we could observe that when 
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the amount of time increases, the average 

intensity decreases (Pearson’s r: -0.159);  

(ii) a weak relationship between time and maximum 
intensity (Pearson’s r:  0.082);   

(iii) positive - moderate correlation between time 
and depth (Pearson’s r: 0.631), average intensity 

and maximum intensity (Pearson’s r: 0.591), 

maximum intensity and depth (Pearson’s r: 
0.526), and average intensity and depth 

(Pearson’s r: 0.337).  
The absolute frequency of class intervals showed 

distributions with a very large positive skewness 
(right-skewed distribution).  

The skewed distribution is asymmetrical because 

most associated values of rainfall event (e.g., depth 
interval “0-5 mm” represent 1495 cases, 80.7%; 0-

100 min duration interval represent 1541 cases, 
83%; 0.010-0.025 mm/min average intensity 

interval represent 1070 cases, 75.7%; 0.010– 0.050 

mm/min maximum intensity interval represent 1073 

cases, 57.9%) are concentrated in lowest class 
intervals (see fig. 5). 

Month statistic 

At the level of each month (IV-IX), descriptive 

statistics of rainfall events depth from period 1980-
2010, were performed, indicating the following: the 

lowest values at all statistic indicators are specific to 

April; strong heterogeneity regarding the coefficient 
of variation; asymmetrical distribution at quartiles 

levels; for June, we also observed maximum rainfall 
(see 3rd quartile); the second half during the 

analysed period (VII-IX) is characterized by the 
highest values of extremes; progressive increase of 

maximum depths (extreme) from April to September 

(Table 2). 

Table 2. Monthly descriptive statistics of rainfall events depth from 1980-2010 period, at no. 3 rain gauge 
situated in Voinești Experimental Basin 

Month 
Statistical parameters  

S M SD CV Min Q1 Q2 Q3 P90 P95 P99 Max 

IV 10.4 4.05 5.99 1.48 0.2 0.7 1.7 4.55 10.6 17 27 45.5 

V 20.6 5.34 7.73 1.45 0.2 0.8 2.2 6.9 14.7 21.2 34.8 54.2 

VI 21.5 6.46 7.94 1.23 0.2 1.1 3.7 9.2 16.8 24 34.1 68.1 

VII 18.6 6.87 10.16 1.48 0.2 1 3.5 8.6 14.4 20 60.6 79.9 

VIII 16.8 7.33 11.7 1.6 0.2 0.9 2.6 8.7 20 30.6 57.6 93.6 

IX 12 6.74 12.9 1.92 0.2 0.9 3.2 7.7 16.4 26 43.2 155.3 

NOTE: S = Statistical weight from total rainfall events; M=Mean; SD=Standard Deviation; CV= Coefficient of Variation; Min = 
minimum; Q1 = 1st quartile, is defined as 25th percentile; Q2 = median is defined as 50th percentile; Q3 = 3rd quartile is defined as 75th 
percentile; Max= maximum. Italic number represent minim value, and bold number show maximum value. 

 

Conclusion 

This paper has preliminarily investigated rainfall 

events from no. 3 rain gauge situated in VOINESTI 

Experimental Basin, in growing season (1980-2010).  
By analysing the results, we observe that the 

overall RE is characterized by small depths (Q3=7.9 
mm); in statistical terms, these rainfall events are 

defined by strong asymmetry (non-normal data 

distribution). Long-time rainfall events (> 5 hours) 
are specific to September (22.6%), followed by May 

(20%). The area is characterized by low 
torrentiality, with a limited number of rainy events in 

each month.  
The main conclusions from this work are that: 

 i) Light rainfall (0.2. – 15.79 mm), highest 

occurrence from analysed period (89.8%), 
concentrated in May (34.4%); 

 ii) Moderate rainfalls (15.8-43.19 mm) had low 
frequency (9.1%);  

iii) Heavy rainfall (≥43.2 up to 155.3 mm), 

distinguished by low frequent (1%) and late summer 

- early autumn occurrence.  
In other words, the results suggest that: 

significant water resources from rainfall were 
concentrated in July - pluviometric maximum month; 

high incidence short rainfall event (rain shower) are 

specific for May, but most often they had negligible 
quantity; high rainfall durations (over five hours) are 

specific to September (22.5%); high torrentiality 
events represent encountered phenomenon in all 

months, especially in August; rainfall event 
correlations between rainfall parameters are 

insignificant; correlation “time - depth” was the best 

(Pearson’s r: 0.631); absolute frequency of rainfall 
events parameter showed, in most cases a strong 

density of smallest interval indicates. 
As for the perspectives - The results presented 

here represent a good base for next researchers. In 

the future, we plan to extend the database (up to 
2016) and work with hydrologic data (experimental 

plot discharges). The scientific goal will be to 
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incorporate our rainfall events data into a more 

comprehensive analysis to better understand some 

microscale hydrologic consequences (e.g., overland, 
intermediary and base flow on soil water balance 

plots) induced by rainfall events (e.g., severe and 
successive events). 
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