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Abstract
The water pollution in areas with intensive agriculture is growing rapidly. Computer model is a tool which
can help in finding solutions for water pollution reduction and help in creation of catchment management plans.
In this research the SWAT model (Soil and Water Assessment Tool) was used to test the influence of introduction of permanent grasslands into the catchment on nitrate nitrogen load in surface water. Small catchment of
upper Zgłowiączka River in central Poland with intensive agriculture was chosen as a test site. Model was fed
with data about land use, soils, weather, elevation and management practices and calibrated and validated using
flow data and nitrate nitrogen loads data. Then 2 scenarios with land use change were tested. A part of arable
land was changed into permanent grasslands. The results show that permanent grasslands are effective in reducing nitrate nitrogen load. The load was reduced by 19% when permanent grasslands constituted 10% of arable
land and by 38% with permanent grasslands taking up 20% of arable land.
Key words: land use, modelling, nitrogen, permanent grasslands, SWAT, water pollution

INTRODUCTION
The problem of clean water will be one of the
biggest problems for mankind in the future. There are
many sources of water pollution and many substances
that influence water quality. It is quite easy to deal
with point sources of water pollution, but much harder
with diffuse ones. One of the most important diffuse
source of pollution is agriculture. Nitrogen from agriculture is transported into water and increasing its
eutrophication. In Poland 50−60 % of nitrogen flowing to the Baltic Sea originates from agriculture
[DUER et al. 2004]. Eutrophication manifests itself in
increased organic matter production, reduction of
light accessibility and oxygen shortage [FORSBERG
1991]. It is a dangerous process because it leads to
decrease in biodiversity.
According to the Water Framework Directive Poland is obliged to provide normative quality of all

water resources till 2015. There are many mitigation
strategies to prevent water pollution. Unfortunately it
is hard to measure the impact of management changes
on water pollution in larger scale. Field experiments
are expensive and possible to conduct in small scale.
According to LAURENT [2011] for research in catchment scale there is a need to use physical models for
evaluation of different solutions. Models can represent the variety of reactions between environmental
components. Modelling is used mostly for forecasting
of phenomena which are complicated and depending
on many different factors. In Polish conditions, as
reported by SKORBIŁOWICZ [2010], attempts to build
models to predict the concentration of minerals in the
water are rarely undertaken.
Agriculture contributes to an increase in the
amount of nutrients, pesticides and heavy metals in
environment. There are some ways to limit this influence and improve the state of ecosystems. One of the
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ways, considered as priority in contemporary world, is
sustainable development [KUKUŁA, KRASOWICZ
2007]. In Poland there is still no list of parameters
characterizing the sustainable agriculture. Various
authors define it in different ways, but there are some
factors presented in many studies. One of them is land
use. In intensive agriculture areas the scenery is monotonous while in sustainable agriculture there is not
only arable land but the landscape is diverse, with
parts of land used less intensively. As studies of various authors show [JANKOWSKA-HUFLEJT 2006; SAWICKI 2006; HARASIM 2009; MORACZEWSKI 2006]
the presence of permanent grasslands in catchment
has a great influence on the amount of biogens flowing to surface water. As JANKOWSKA-HUFLEJT [2007]
reports permanent grasslands are the best biological
filters from agricultural land use types.
This article describes an attempt to test the influence of land use diversification on nitrate nitrogen
loads in surface water. The tested change is to implement to the catchement permanent grassland replacing
part of arable land. It is assumed that increasing the
amount of permanent grasslands in the catchment will
decrease the nitrate nitrogen load in surface water.
MATERIAL AND METHODS
The research shown in this paper was conducted
in the small catchment in central Poland (Fig. 1). The
Zgłowiączka River is a left tributary of the Vistula
River and the tested part of catchment has an area
about 100 km2. Administratively the area is located in
Kujawsko-Pomorskie province and lies within the
four municipalities: Dobre, Osięciny, Bytoń and Topólka in the Radziejowski county. The area of catchment is characterized by very high quality of agricultural production space, due to high quality of soils.
The landscape of Zgłowiączka River catchment is

typical for intensive agriculture areas: almost forestless and arable land constitutes about 90% of catchment area. The average yearly sum of precipitation is
500 mm (with average 600 mm for Poland), of which
300 mm falls during the vegetation period. Potential
evapotranspiration in Zgłowiączka River catchment is
650 mm per year and in the vegetation period between
450–500 mm [ZŁONKIEWICZ et al. 2007]. Zgłowiączka upper basin has been recognized by the Regional
Waterboard Management as an area particularly exposed (nitrate vulnerable zones) to runoff pollution.
The Inspectorate of Environmental Protection conducts water quality measurements in the area. Measured concentration of nitrogen reaches 200 mg
NO3·dm–3 [ALABRUDZIŃSKA et al. 2009]. More detailed description of the catchment is presented by
BRZOZOWSKI et al. [2011].
As research tool the SWAT 2005 [NEITCH et al.
2005] was used. Discussed issue in the area with intensive agriculture was the first such application in
Poland [ŚMIETANKA et al. 2009]. SWAT is an abbreviation from Soil and Water Assesment Tool. It is a
model invented in Texas, USA in the early 90. It is a
combination of earlier existing tools working in
a river basin scale and was developed to quantify the
impact of land management practices. SWAT enables
to model processes in complex watersheds, with various land use, soils and management practices. It allows predicting the impact of different management
practices on water, sediment and crop yields in diverse areas with varying soil types, land use and management, and in the long term in a catchment scale.
The key features that distinguish this tool among others are, according to its developers: being a physical
model, the use of easily available data, computational
efficiency and predicting longterm effects [NEITSCH
et al. 2005].

Measurement station Samszyce
Catchment border
River with tributary

Fig. 1. Zgłowiączka catchment; source: own elaboration based on http://www.openstreetmap.org
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A commonly used approach in studies with computer models is to create a model that reflects the actual conditions, which is then used as a point of reference, in comparison with scenarios of change developed for the specified area. In this way many authors
work [LAURENT, RUELLAND 2011; LEE et al. 2010]
and this approach was also used in this study.
The SWAT model requires a large amount of input data. Their quality has a most significant effect on
the quality of the results. A diagram showing the required data and way of processing is shown in Figure
2. For the Digital Elevation Model (DEM) the image
from satellite radar mission called Shuttle Radar Topography Mission (SRTM) with an accuracy of 90m
was used. The soil map was created from a scanned
paper map in the scale of 1:100 000 created by IUNG
(Institute of Soil Science and Plant Cultivation),
which was vectorized, and then geometrically corrected. The detailed information about each soil type
was acquired from soil pits made by previous IMUZ
Bydgoszcz Branch in frames of the grant “Pilot Implementation of the Water Framework Directive and
Construction Tools for catchment management”, financed by the Norwegian Financial Mechanism.
SWAT requires using a land use map. Obtaining accurate information about every field is challenging on
such a scale. Therefore, to create a map for the modeling satellite image was used and enhanced with statistical data from field surveys. An image from Landsat,
May 2001, was used as considered to be well suited to
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distinguish between different types of land use [MIATKOWSKI et al. 2006]. Visual interpretation enabled to
distinguish forests, urban areas, grassland and arable
land. This was followed by a more detailed classification within the arable land, using statistical data form
surveys. It was assumed that the surveys represent
well the structure of crops throughout the studied area
(the surveyed farms constituted about 70 percent of
the total farm number in the study area). On this basis,
the extrapolation to the whole catchment area was
made. After satellite image processing, the areas were
selected to specified classes representing various
crops in such a way that they correspond to the surface area of statistical surveys. Result was a land use
map with arable land divided into various crops. The
model required also daily weather data, including
maximum and minimum temperatures and rainfall.
Data from the measuring station of the Institute of
Meteorology and Water Management in Kołuda were
used. Available data cover the period from 1 January,
1997 to 31 December, 2009. The gauging station is
located outside the river basin (about 30 km from its
border), but the proximity to the border area, while
maintaining very similar terrain allows the use of this
data. Based on consultation with the Agricultural Advisory Centre, local farmers and experts a set of management practices was developed for each plant
common in the area. Practices scheduled by date were
used in the model.

Fig. 2. SWAT model schema; source: own elaboration

Running the model with a set of required data
does not guarantee obtaining the correct results. The
SWAT model, like any tool of this type, requires calibration and validation. It is a process during which
selected parameters are modified in a given range, to

the point where the simulation results are close to the
measurement data. It is important to note that even
after calibration the model is only a simplification of
the real processes. For modeling of biological systems, it is difficult to speak of a single correct model
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-Sutcliffe [NASH, SUTCLIFFE 1970] coefficient was
used as a second evaluation method. The coefficient is
calculated as follow:
T

NS = 1 −

∑ (Q

− Qobserved t ) 2

∑ (Q

− Qobserved t ) 2

t =1
T
t =1

estimated t

estimated t

where:
NS – Nash-Sutcliffe coefficient,
t – time,
T – total time,
Qestimated t – estimated value,
Qobserved t – observed value.
Figure 3 shows the simulated and measured hydrograph. The grey line shows the modeled flow rates
and the black measured ones, bars refer to rainfall.
The chart includes a total period of calibration and
validation of the model. According to WANG [2011]
and MORIASI [2007] calibration results can be considered satisfactory if the NS values for validation are
above 0.5. The study gave NS coefficient values 0.59
for calibration and 0.51 for validation of flow rate,
and for nitrate nitrogen loads respectively – 0.81 and
0.78. The resulting model can therefore be used for
further analysis and testing of the change scenarios.

Precipitation, mm

Flow rate, m3·s–1

phenomena [VANHOOREN et al. 2003]. Therefore,
according to SOCHACKI [2009] calibration target
should not be to fit the model to reality but only to
reduce the inconsistency between the measurements
made in the field, and the simulation results. To calibrate and validate the model for the Zgłowiączka
catchment measurements from the period January 1,
2007 to December 31, 2009 were used for flow and
from 2001 to 2009 for nitrogen load. The calibration
period was from January 1, 2007 to December 31,
2008 for flow and from 2001 to 2008 for nitrate nitrogen loads, the rest of the period was used as a validation period. The calibration was carried out in two
stages. The first stage, hydrological, aims to correctness in terms of the quantity of water. Calibrated flow
rates are compared with the measured data. Daily data
were used. The flow rate is a variable that is most often used for the calibration of hydrological models
[MORIASI et al. 2007]. The second stage is calibration
in terms of water quality. It uses monthly measurements of nitrate nitrogen loads. For calibration purposes the program SWAT-CUP [ABBASPOUR 2011]
was used. It allows modifying the parameter values in
an automatic manner in the specified range. For evaluation of the results two methods were chosen. First
was visual comparison of hydrographs which, according to LEGATES and MCCABE [1999], is necessary for
a proper assessment of hydrograph. Also the Nash-

simulated
flow
measured
flow
precipitation

Fig. 3. Calibration and validation – flow rate; source: own study

Test catchment area is almost devoid of permanent grasslands. In order to simulate the presence in
the area of permanent grasslands the input layer containing land use map was modified. There were two

scenarios tested in which permanent grasslands took
respectively 10 and 20% of arable land. This means
that in first scenario 10% of arable land from basis
scenario (reality) was converted into grasslands. In
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1)

basis, real situation, almost none permanent
grasslands,
2)
10% of arable land converted into grasslands,
3)
20% of arable land converted into grasslands.

Nitrogen load, kg

the second scenario 20% of arable land form basis
scenario was converted into grasslands. The grasslands were put randomly in the catchment to distribute the effect of their presence in the whole catchment
and to avoid uneven impact. The results of the two
scenarios were compared with basis scenario (almost
none permanent grasslands). In conclusion there were
three scenarios:

Fig. 4. Calibration and validation – N-load; source: own study

Change is greater than in the scenario shown on Figure 5a.
a)
Nitrogen
in scenario
nitrogen
load load
[kg] in(kg)
scenario
with 10% of
peramanent
grasslands
with 10%
of permanent
grasslands

The diagrams in Figures 5a and 5b show respectively the changes in nitrate nitrogen load in the
Zgłowiączka River catchment outlet for two scenarios
– with 10 and 20% of permanent grasslands in the
catchment. The plots compare the load in the baseline
scenario (the current situation in the field) with the
changed scenario. The horizontal axis represent the
nitrate nitrogen load in the baseline scenario, and the
vertical – analysed one. For greater clarity there is
a line on the graph showing the possible “no change”
situation. Points lying below the line illustrate a situation in which there is less nitrogen in tested scenario
than in the base one, and the overlying – more nitrogen. This method allows a quick visual assessment of
the scenario and its impact on the presence of nutrients in the water. Results include a three-year period,
from January 2007 to December 2009.
The graph in Figure 5 shows that the presence of
10% of permanent grasslands in the catchment area
leads to a significant reduction the nitrate nitrogen
load in the stream. This is confirmed by studies of
other authors quoted earlier about the positive impact
of land use diversification on the state of water. Distinct changes are visible in almost whole range of
loads.
The Figure 5b shows the results in a scenario of
permanent grassland occupying 20% of the catchment. The results clearly indicate lowering nitrate
nitrogen loads as well for low as for high loads.
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Fig. 5. Changes in nitrate nitrogen load in the Zgłowiączka
River catchment for the scenarios of permanent grassland
share in the catchment: a) 10%, b) 20%; source: own study

Tested scenarios show the consequences of introduction permanent grasslands into the Zgłowiączka
River catchment. Similar as in many empirical studies
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in more local scales the presence of permanent grasslands has a positive influence on surface water quality. The bigger is the area covered with grasslands the
smaller amount of nitrogen in the Zgłowiączka River.
But the further growth of the permanent grasslands
area causes slower pollution reduction. So it is important to find the balance between land use diversity,
water pollution level and economical aspects.
In Table 1 the results of all three scenarios (basis
and two change scenarios) aggregated to a monthly
level are presented. It is clearly visible that permanent
grasslands are working effectively. They are particularly useful for medium loads. The reduction of load
can reach almost 20% when 10% of arable land is
turned into permanent grassland and almost 40%
when 20% of arable land is turned into permanent
grassland.
Table 1. Nitrate nitrogen load in tested scenarios (monthly
means from 3 years)

Month

January
February
March
April
May
June
July
August
September
October
November
December
Year

base scenario

212.95
678.79
1 509.78
243.26
5.17
6.90
53.31
90.92
29.66
0.38
2.40
18.34
257.60

N load, kg
10% of permanent grasslands
scenario
kg
188.48
540.66
1 217.85
205.04
5.01
6.11
40.13
67.51
21.19
0.36
2.42
16.35
210.63

20% of permanent grasslands
scenario
112.58
389.39
947.02
153.06
4.89
4.76
28.86
46.13
18.18
0.38
2.36
15.73
159.50

Source: own study.

The implementation of permanent grassland into
the Zgłowiączka River catchment has significant, positive impact. According to sustainable development
ideas increased biodiversity and diversity in land use
has favorable influence on water state. It is confirmed
in modeling approach also in the Zgłowiączka River
catchment. The actual situation with almost only arable land can be improved thanks to diversity in land
use. Permanent grasslands have a great influence on
water state. Its role is important because of the time
during which permanent grasslands have various
functions. The arable land is during some parts of the
year left without vegetation, when permanent grassland is always vegetated. It means that it can also
have an influence on nitrate nitrogen load in the winter, early spring and autumn. The difference in nitrate
nitrogen load could be caused both by higher amount
of nitrogen taken by plants and lower fertilization
needed by permanent grasslands.

One of the great advantages of modeling is a possibility to get the results quickly. It also gives
a chance to test different scenarios without its real
implementation, the cost of research is much smaller
than field measurements and it allows making analysis for future, concerning specific conditions. Of
course, in using the results of the model there is
a need to remember that this is only an imperfect representation of complex processes taking place in reality and not the reality itself. MOSTAGHIMI [1997]
points out the limitation of models – they have to be
calibrated and validated to local conditions, which
may hinder the generalization of results from one basin to other areas. In addition, the accuracy of the
modelling results is affected by quality of the input
data [WHITE, CHAUBEY 2005]. Diversity of terrain,
budget limitations and difficulties in access to the data
can cause uncertainty in model results [LENHART et
al. 2002]. But the experience of many authors shows
that it is possible to obtain satisfactory results which
may be guidelines for practice and serve in developing management plans for specific areas.
REFERENCES
ABBASPOUR K.C. 2011. SWAT-CUP: SWAT Calibration
and Uncertainty Programs. Eawag. Swiss Federal Institute of Aquatic Science and Technology. Duebendorf
pp. 93.
ALABRUDZIŃSKA E., CZEREBIEJ Z., GOSZCZYŃSKI J., SOLARCZYK A., WOJTCZAK H. 2009. Ocena jakości wód w latach 2004–2007 na obszarach szczególnie narażonych
na zanieczyszczenia azotem pochodzenia rolniczego na
terenie województwa kujawsko-pomorskiego [Evaluation of the quality of waters in 2004–2007 in areas
particularly exposed to nitrogen pollution from agricultural sources in Kujawsko-Pomorskie]. Bydgoszcz.
Inspekcja Ochrony Środowiska. Wojewódzki Inspektorat Ochrony Środowiska pp. 65.
BRZOZOWSKI J., MIATKOWSKI Z., ŚLIWIŃSKI D., SMARZYŃSKA K., ŚMIETANKA M. 2011. Application of SWAT
model to small agricultural catchment in Poland. Journal
of Water and Land Development. No. 15 p. 157–166.
CHAPLOT V., SALEH A., JAYNES D., ARNOLD J. 2004. Predicting water, sediment and NO-n loads under scenarios
of land-use and management practices in a flat watershed. Water, Air and Soil Pollution. Vol. 154 p. 271–
293.
DOMAGAŁA-SWIATKIEWICZ I. 2005. Wpływ działalności rolniczej na środowisko naturalne. W: Ochrona środowiska
naturalnego w XXI wieku – nowe wyzwania i zagrożenia [The impact of agricultural activities on the environment.]. Kraków. Wydaw. AR p. 57–71.
DRZEWIECKI W., MULARZ S., TWARDY S., KOPACZ M. 2008.
Próba kalibracji modelu RUSLE/SDR dla oceny ładunku zawiesiny wprowadzanego do Zbiornika Dobczyckiego ze zlewni bezpośredniej [Calibration of RUSLE/
SDR model for estimation of suspended matter load
supplied to The Dobczyce Reservoir from its immediate
catchment]. Archiwum Fotogrametrii, Kartografii i Teledetekcji. Vol. 18 p. 83–98.
DUER I., FOTYMA M., MADEJ A. 2004. Kodeks dobrej praktyki rolniczej [Code of good agricultural practice]. Warszawa. MRiRW, MŚ. ISBN 83-88010-58-1 pp. 96.

© PAN in Warsaw, 2014; © ITP in Falenty, 2014; J. Water Land Dev. No. 20 (IV–VI)

Unauthenticated
Download Date | 6/17/15 8:00 PM

The influence of permanent grasslands on nitrate nitrogen loads in modelling approach
FORSBERG C. 1991. Eutrophication of the Baltic Sea. The
Baltic Sea Environment. Baltic Univ. Programme.
HARASIM A. 2009. Rola trwałych użytków zielonych
w kształtowaniu zrównoważonego rozwoju gospodarstw
[The role of permanent grassland in shaping the sustainable development of farms]. Wieś Jutra. Nr 3 p. 21–23.
JANKOWSKA-HUFLEJT H. 2006. The function of permanent
grasslands in water resources protection. Journal of Water and Land Development. No. 10 p. 55–65.
JANKOWSKA-HUFLEJT H. 2007. Rolno-środowiskowe znaczenie trwałych użytków zielonych [Agricultural and
environmental role of the permanent grasslands]. Problemy Inżynierii Rolniczej. Nr 1(55). Cz. 2 p. 23–34.
KOWALEWSKI Z. 2003. Wpływ retencjonowania wód powierzchniowych na bilans wodny małych zlewni rolniczych [The effect of surface retention on the water balance of small agricultural catchments]. Woda-Środowisko-Obszary Wiejskie. Rozprawy naukowe i monografie. Nr 6. ISBN 83-88763-31-8 pp. 126.
KUKUŁA S., KRASOWICZ S. 2007. Główne problemy i uwarunkowania zrównoważonego rozwoju rolnictwa w Polsce [The main problems and conditions for sustainable
development of agriculture in Poland]. Problemy Inżynierii Rolniczej. Nr 1(55). Cz. 1 p. 5–15.
LAURENT F., RUELLAND D. 2011. Assessing impacts of alternative land use and agricultural practices on nitrate
pollution at the catchment scale. Journal of Hydrology.
Vol. 409 p. 440–450.
LEE M., PARK G., PARK M., PARK J., LEE J., KIM S. 2010.
Evaluation of non-point source pollution reduction by
applying best management practices using a SWAT
model and Quickbird high resolution satellite imagery.
Journal of Environmental Sciences China. Vol. 22. Iss.
6 p. 826–833.
LEGATES D., MCCABE G.J. 1999. Evaluating the use of
“goodness-of-fit” measures in hydrologic and hydroclimatic model validation. Water Resources Research.
Vol. 35 (1) p. 233–241.
MIATKOWSKI Z., LEWIŃSKI S., KOWALIK W., SOŁTYSIK A.,
TURBIAK J. 2006. Przydatność zdjęć satelitarnych Landsat TM do identyfikacji intensywnie odwodnionych siedlisk hydrogenicznych w rejonie KWB Bełchatów. Woda-Środowisko-Obszary Wiejskie. Rozprawy naukowe
i monografie. Nr 6. ISBN 838876358X pp. 80.
MORACZEWSKI R. 2006. Rola trwałych użytków zielonych
w Polsce w świetle ramowej dyrektywy wodnej. Wiadomości Melioracyjne i Łąkarskie. Nr 3 p. 110–111.
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. Transactions of the ASABE.
Vol. 50. Iss. 3 p. 885–900.
MOSTAGHIMI S., PARK S., COOKE R., WANG S. 1997. Assessment of management alternatives on a small agricultural watershed. Water Research. Vol. 31. Iss. 8
p. 1867–1878.
NASH J.E., SUTCLIFFE J.V. 1970. River flow forecasting
through conceptual models. Part I. A discussion of principles. Journal of Hydrology. Vol. 10. Iss. 3 p. 282–290.
NEITSCH S., ARNOLD J.G., KINIRY J.R., WILLIAMS J.R.,
KING K.W. 2005. Soil and Water Assesment Tool theo-

69

retical documentation. Texas. Texas Water Resources
Institute, College Station pp. 476.
PIETRZAK S., SAPEK A., MICHALSKI W., PERKA J., RYBKA
U. 1997. Bilans azotu w gospodarstwie rolnym jako
przedmiot edukacji rolniczej [The balance of nitrogen
on the farm as an object of agricultural education].
Zeszyty Edukacyjne. Nr 4 p. 57–61.
SAPEK A. 1999. Nitrogen balance and cycling in Polish agriculture. In: Nitrogen cycle and balance in Polish agriculture. Ed. A. Sapek. Falenty. Publ. IMUZ p. 7–24.
SAWICKI B. 2006. Rola paszowa, krajobrazowa oraz turystyczna trwałych użytków zielonych w Kozłowieckim
Parku Krajobrazowym [The role of fodder, landscape
and touristic on constant grasslands At the Kozłowiecki
Landscape Park]. Annales Universitatis Mariae CurieSkłodowska. Sectio E. Agricultura. 61 p. 361–367.
SKORBILOWICZ M. 2010. Czynniki i procesy kształtujące
obieg składników mineralnych w wodach rzecznych
zlewni górnej Narwi [Factors and processes determining
the circulation of minerals in river waters of upper
Narew river catchment]. Rozprawy Naukowe. Nr 197.
Białystok. Ofic. Wydaw. PBiał. pp. 197.
SOCHACKI A., PŁONKA L., MIKSCH K. 2009. Kilka refleksji
o wykorzystaniu modeli matematycznych w symulacji
procesów oczyszczania ścieków metoda osadu czynnego. W: Polska Inżynieria Środowiska pięć lat po wstąpieniu do Unii Europejskiej [Application of mathematical models to simulation of activated sludge wastewater
treatment – a few remarks. In: Polish Environmental Engineering five years after joining the European Union].
T. 1. Ed. J. Ozonek, M. Pawłowska. Monografie Komitetu Inżynierii Środowiska. Nr 58 p. 289–298.
ŚMIETANKA M., BRZOZOWSKI J., ŚLIWIŃSKI D., SMARZYŃSKA K., MIATKOWSKI Z., KALARUS M. 2009. Pilot implementation of WFD and creation of a tool for catchment management using SWAT: River Zglowiaczka
catchment, Poland. Frontiers of Earth Science in China.
Vol. 3. Iss. 2 p. 175–181.
ULLRICH A., VOLK M. 2009. Application of the soil and
water assessment tool (SWAT) to predict the impact of
alternative management practices on water quality and
quantity. Agricultural Water Management. Vol. 96. Iss.
8 p. 1207–1217.
VANHOOREN H., MEIRLAEN J., AMERLINCK Y., CLAEYS F.,
VANGHELUWE H., VANROLLEGHEM P. 2003. WEST:
modelling biological wastewater treatment. Journal of
Hydroinformatics. Vol. 5 p. 27–50.
WANG X., KANNAN N., SANTHI C., POTTER S.R., WILLIAMS
J.R., ARNOLD J.G. 2011. Integrating APEX output for
cultivated cropland with SWAT simulation for regional
modeling. Transactions of the ASABE. Vol. 54. Iss. 4 p.
1281–1298.
WHITE K.L., CHAUBEY I. 2005. Sensitivity analysis, calibration, and validations for a multisite and multivariable
SWAT model. Journal of the American Water Resources Association. Vol. 41. Iss. 5 p. 1077–1089.
ZŁONKIEWICZ M., ŁABĘDZKI L., GRUSZKA J. 2007. Program
nawodnień rolniczych w województwie kujawsko-pomorskim [Agricultural irrigation program in kujawskopomorskie voivodship]. Bydgoszcz. Gospodarstwo
Pomocnicze przy K-PZMiUW.

© PAN in Warsaw, 2014; © ITP in Falenty, 2014; J. Water Land Dev. No. 20 (IV–VI)

Unauthenticated
Download Date | 6/17/15 8:00 PM

70

M. ŚMIETANKA

Maria ŚMIETANKA
Wpływ trwałych użytków zielonych na ładunek azotu azotanowego w świetle badań modelowych
STRESZCZENIE
Słowa kluczowe: azot, modelowanie, SWAT, trwałe użytki zielone, użytkowanie ziemi
Zanieczyszczenie wody substancjami biogennymi pochodzenia rolniczego zwiększa się na obszarach intensywnie rolniczo użytkowanych. Wykorzystując model komputerowy, można wskazać skuteczne sposoby
zmniejszenia ilości biogenów spływających do wód. W niniejszych badaniach wykorzystano model SWAT do
oceny wpływu wprowadzenia trwałych użytków zielonych do zlewni na ładunek azotu w cieku. Badania przeprowadzono w małej zlewni rolniczej na Kujawach – górnej Zgłowiączki. W ramach badań symulowano wprowadzenie na obszar zlewni trwałych użytków zielonych zajmujących 10 i 20% powierzchni gruntów ornych.
W wyniku modelowania stwierdzono, że znacząco zmniejszył się ładunek azotu w cieku w punkcie zamykającym zlewnię. W warunkach 10-procentowego udziału trwałych użytków zielonych odnotowano zmniejszenie
ładunku od kilku procent do ponad 20. Gdy udział ten wynosił 20%, zmniejszenie to wyniosło od kilku procent
do ponad 40% ładunku wyjściowego.
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