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A Special Issue: Hydrological Behaviour In Small Basins

Under Changing Conditions
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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 Miklanek, 2003).

E
R
B

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 si protectia mediului”
(Geographical Phorum — Geographical Studies and
Environment Protection Research), hosting the
paper of 16" Biennial Conference ERB.

The 16" Biennial Conference ERB was held 5-8
September 2016 in Bucharest, Romania, and was
hosted by National Institute of Hydrology and Water
Management (NIHWM).

16" 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
RADULESCU 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 MATREATA 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
“Hydrrological 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.

© 2017 Forum geografic. All rights reserved.
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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.
Jodo Pedroso de LIMA Ph.D., Eng., was welcomed as
the new ERB International Coordinator (2016-2020).

AR

Fig. 2: Collage of the photographs taken at the

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 16%
Biennial Conference ERB 2016, Technical visit and
Abstracts, and is available herel.

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 Voinesti
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 conference?.

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
8223dccbaf6e0c77.pdf
2 - http://www.erb2016.com/conference-snashots

16t" Biennial Conference ERB, 2016

(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

forumgeografic.ro
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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);

i) Budzisz and Cieslinski estimated the effect
of changes in groundwater level on selected plant
communities in wetland areas (Piasnickie taki); 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 et al. 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 Matreata 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) Tommaso 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
Skaftafellsheidi (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: Kralovsky and Smrzovsky (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
ma/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

© 2017 Forum geografic. All rights reserved.
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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 1), hydraulic
soil parameters are calculated by regionalization
methods and assembled for the whole area of Lower
Austria, using a GIS-database (50 x 50 m?) and in a
second step (HYDROBOD 1II), 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) Cieslinski et al. present results from
quantity of wastewater entering the Gulf of Gdansk -
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-dm3); 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 Voinesti 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 90 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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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).

Keywo rds: soil water repellency, infrared thermography, field
tests

Introduction

Soil water repellency (SWR) is recognized as a
key hydrological and geomorphological process since
the earlier part of the 20t century. However, first
observations of this phenomenon were reported in
the later part of the 18™ 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 saill,
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).

Rezumat. Evaluarea in teren a impermeabilitatii
apei in sol utilizdnd termografia in infrarosu

Acest studiu a avut drept scop evaluarea utilizarii unei tehnici
de termografie in infrarosu, bazandu-se pe racirea suprafetei
solului cu apa rece, pentru a evalua impermeabilitate hidrica a
solului (SWR) in conditii severe de teren. Acest studiu este o
continuare a testelor de laborator anterioare de explorare la
scara micd, in care variabilitatea spatiala a SWR a fost cartata,
iar zonele de respingere a putut fi detectate in mod clar pe
imagini termice datorita temperaturilor lor mai mari, ceea ce a
permis distingerea de perimetrele umectate. Testele de teren
SWR au fost efectuate, in regim natural cat si artificial, iar
cartografierea s-a efectuat prin imagistica termica, cu o
camera video portabila in infrarosu. Apa rece a fost folosit
pentru a crea un gradient termic pe suprafata solului, n scopul
de a evalua SWR. In mod natural, soluri hidrofuge au fost
gasite intr-o padure de pin si eucalipt si SWR artificiala a fost
indusa cu un spray pentru impermeabilizare. Molaritatea unui
test de etanol a picaturii (MED) a fost utilizata_pentru a
masura severitatea SWR atat natural si artificiala. In termeni
generali, tehnica a fost un succes si a permis cartarea
variabilitatii spatiale a SWR, diferentierea perimetrelor
hidrofuge de cele zone hidrofile precum si niveluri distinctive
de severitate diferitd a SWR. Numai testare extinsd poate, in
cele din urmd, sa valideze tehnica si sa dezvaluie caracterul
adecvat in conditii diferite de teren (de exemplu, rugozitate de
suprafata, acoperirea terenului, scara spatiala).

Cuvinte-cheie: impermeabilitate hidricd a solului,
termografiere in infrarosu, testele de teren

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 (Badia-
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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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; Mejias 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, 20153, 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
x 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

© 2017 Forum geografic. All rights reserved.
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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.

Portable infrared
video camera

Tripod

/ 0.65m

y i
T

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 x 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.

Portable
monitor

Feeder box with cold
V)rater

surface

0%5“\ '&Scanned
area

Surface flow
direction

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 mm?2,

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).

a) Scenario 1 - Wettable b) Scenario 2 — Low SWR
t,=0s =0s
) Scenario 3 — Medium SWR d) Scenario 4 — Severe SWR
t;=0s
e) Scenario 5 — Artificial extreme SWR
t,=0s
Surface flow —
0°C 15°C 30°C direction 0.25m

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
(Tr at tr = 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.

T;

0°C 15°C 30°C  _p0°C 0°C
Fig. 4: Scheme of the procedure used in the
temperature correction of the soil surface

thermograms, for scenario 1

© 2017 Forum geografic. All rights reserved.
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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

a) Scenario 1

b) Scenario 2 )

Scenario 3 d)

Scenario 4

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.
6¢c and scenario 6 in Fig. 6d) a clear distinction
existed between the corrected temperature in the
repellent and wettable areas.

a) Distance (m)

~onr -
¢ . Scenario 4=
ATy — Scenaria 3 +

5 F T
e A0l L e ‘ ™ Scenario 2 +
- ™ Scenario 1

sssssss
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-20°C

-10°C 0°C

Surface flow
direction

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)

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

SWR Severity class

—
0.25m

a) Distance (m)

0 02 0.4 0.6 0.8

Scenario 6

Welt Rep. Wellable Rep.,  Well

T,(°C)
BE e be

Ti

L -.l-. -
1

o

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)

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).
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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 Piasnickie taki — 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 medioeuropacum),
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

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

Rezumat. Efectul schimbarilor nivelului apei subterane
asupra comunitatilor de plante alese din zone umede

Arealele cu zone umede mentin un nivel ridicat de umiditate a
solului in orice moment si sunt inundate la intervale regulate de
timp. Nivelurile ridicate ale apelor subterane ajutd la crearea unor
zone umede, ceea ce face o relativa lipsé a pierderilor apei de
suprafata. Articole importante admit ipoteza cd zonele din zonele
umede sunt caracterizate de un nivel sezonier ridicat de apa si
secetd. Aceste modificari ale continutului de apa afecteaza
semnificativ prezenta comunitatilor de plante rare. Scopul acestei
lucrdri este de a determina efectul variatiei nivelului apelor
subterane asupra comunitdtilor de plante selectate in zonele
umede. De asemenea, lucrarea isi propune sa evalueze dacd alti
factori determinanti afecteazd aceste comunitati de plante: (1)
relief, (2), conditii climatice (precipitatii, temperatura), (3) impactul
uman. Mai mult decat atat, lucrarea oferd o analiza detaliatd
hidrografica a zonelor umede, inclusiv informatii privind cdile de
migrare a apei, sisteme de reincarcare a apei, precum si sursele
pierderilor de apa. Zona de studiu este format din Piasnickie Laki - o
arie naturala protejatd din nordul Poloniei, aproape de coasta Marii
Baltice. Aceasta, a fost desemnata sit "Natura 2000" si este bogata
in comunitdti de plante rare, cum ar fi stuful (Molinietum
medjoeuropaeum), care se dezvoltd in zone de umiditate variabila a
solului. Cea mai mare parte a activitatii de cercetare a constat in
analiza literaturii si lucrul in teren si au constat in instalarea unui
sistem de monitorizare a apelor subterane, statie hidrometrica
pentru monitorizarea nivelului apelor subterane si de suprafatd,
statiei hidrometrica pentru debitele de apa curse pe raurile mari din
apropierea zonei de studiu. Activitatile de teren au fost realizatd in
perioada 2014 - 2015. Cercetarea datele colectate indica faptul ca
nivelul apelor subterane a variat pe parcursul perioadei de studiu.
Aceste conditii au ajutat la producerea unei rate ridicatd de crestere
a plantelor si a unei rate crescute a evapotranspiratiei zonei de
studiu, care a contribuit la reducerea nivelului apelor subterane. Ca
o conditie de baza pentru functionarea variabild a umiditatii solului,
comunitati erbacee (Molinietum medioeuropacum) sunt un model
specific de control a variabilitatii nivelului apelor subterane. Micile
depresiuni din zona studiata asigur rezervatia naturald studiata
oferd cele mai bune conditii pentru aparitia comunitatilor de stuf.

Cuvinte-cheie: zone umede, ape subterane, habitat,
comunitati de plante, stuf

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
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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
& Kope¢, 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 Piasnickie taki
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 "Piasnickie taki"
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
pl 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 Biatogorska 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 Piasnica 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 Piasnica and Biatogdrska
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 Piasnica II. The site on the
Biatogodrska Struga River produced a corresponding
distance value of 149 cm.

Operating data for four pumps at the Debki II
pump site, situated on the Biatogorska 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 teba
measurement site, as listed by the Internet portal
TuTiempo.net.
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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 (Pietka, 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 Debki II site for the period
February 2014 to February 2015 (Office of
Water Management of Pomorskie Province,
Gdansk office, Puck branch)

Precipitation Number of
Month
(mm) 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

Table 2: Snow cover data for the period 2011 — 2015 acquired at the Leba measurement site

(TuTiempo.net)

Peri Maximum snow cover Longest uninterrupted period with Number of days with
eriod )
thickness (cm) snow cover (days) SNOwW cover
Winter 2011/2012 19 29 34
January 8 7 12
2012 February 19 22 22
December 26 19 19
Winter 2012/2013 26 22 61
January 8 19 20
2013 February 13 22 22
December 5 2 2
Winter 2013/2014 6 18 22
January 6 15 17
2014 February 5 3 3
December 15 6 6
Winter 2014/2015 15 9 19
January 4 2 5
2015 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
(Hafas et al., 2008).
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Fig. 2: Mean monthly groundwater level in seven piezometers in the Piasnickie taki 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).

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

No water was found in piezometer pl in June,
August, and November. At the same time,
piezometer pl 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 northern part of the nature reserve at a site
where the Biatogdrska Struga River broadens its
channel. The highest water level at this site was

the other hand, the highest water level at noted in January at 7 cm above ground level. The
piezometer p6 was noted in February 2014 (13 cm lowest water level occurred in June (Fig. 4).
above ground level). Piezometer p7 was mounted in
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Fig. 4. Mean annual groundwater levels in the study area

Discharge was measured in the Piasnica 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 Piasnica River at selected
gauging sites

Y Y Y
Date of & & &
measurement 3 3 =
o LN ™~
i o i

Number of _ Flow (m*s™)

measurement site

1 1,87 1,86 5,19
2 0,92 0,96 4,85

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
Biatogorska Struga River — upstream of Site 1.

It is likely that the quantity of water transported
by the Piasnica 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 Bialogorska 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 Piasnica 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 Debki 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 Piasnica and Biatogorska Struga rivers in the study

period.
S S S S S S S 3
o o o o o o o o
N AN (q\V] N N N N N
Data <t Te} © oo} o) i o i
o o o o o — — o
© N To) 0 © Te] o N
=) — o o o [N N N
Piasnica 1 9 0 0 35 38 29 0
Biatogdrska Struga 50 53 34 61 60 84 81 59
Mostek(Piasnica Il) 3 0 0 0 0 6 7 0

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 pl. It is also possible that river water
from the Piasnica is entering the area of the nature
reserve and recharging groundwater aquifers.
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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 Piasnica River. This is most
likely further facilitated by the frozen soil in the
wintertime. The eastern boundary of the reserve is
formed by the Piasnica 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

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

and depressions, which in addition served as
habitats for environmentally valuable vegetation.

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, Carni, 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 Piasnica 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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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
km?) 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

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

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

Pentru prima datd in Ucraina, o modelare SWAT a fost aplicata
intr-un bazin hidrografic pentru analiza contaminarii unui corp de
apa de suprafata, cu compusi cu azot si fosfor. Model a fost
aplicat intr-un bazin hidrografic mic, Holovesnya (suprafata de
30,4 km?), situat in zona forestierd a Ucrainei, in teritoriul statiei
de pentru studiul bilantului apei ,,Desna”. Modelul a rulat, la pas
de timp de o zi pentru anii 1985-1988, 2007, 2009, 2010, 2012.
Calibrarea si validarea in cadrul SWAT-CUP, au ardtat rezultate
bune pentru rauri (NS, R2> 0,6, PBIAS <4%), acceptabile pentru
azot si fosfor (NS> 0,6, RSR <0,6, PBIAS <43%). Curgerea si
evacuarea compusilor minerali cu azot si fosfor au estimat
dependenta de dilutia nutrientilor, iar cantitatea si practica
fertilizarii au fost evaluate pentru a oferi recomandari
managementul agricol.

Cresterea cantitdti de fingrasaminte determind reducerea
eficientei sale. Utilizarea separata a fertilizatorilor conduce la
reducerea cu 66% a indepartarii nitratilor.

Cuvinte-cheie: azot, fosfor, SWAT, ingrésdminte, eutrofizare

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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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 km? 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).
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Fig. 1: Topography (m a.s.l.) (A), 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 vyields 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.
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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 (R?), percentage of bias (PBIAS) and
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