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I. Preface 
 

Diffuse pollution is one of the most serious problems related to inland water 

issues. Although point sources are certainly important, many nitrogen and phosphorus 

compounds enter to the streams and rivers by the non-point of diffuse way 

(Vinceviciene, 2001). Moreover diffuse pollution are getting more important in 

Lithuania, since it is seeking to implement European Water Framework Directive. 

This directive is demanding to reach “good” condition for all water bodies by year 

2015. This is enormous task taking into account surface water problems that Lithuania 

is facing now. Moreover country’s economy as well as agriculture is rising after 

collapse in first years of independence, what is causing additional pressure on surface 

and ground water. Nowhere it is so obvious then in Lielupe River basin, which is the 

most polluted river basin in Lithuania. It has been always one of the most important 

areas for agriculture. Therefore diffuse pollution is responsible for the biggest part of 

nutrient load in this basin. 

 It is impossible to solve diffuse pollution problem in one or few ways 

(reducing effluents, building Water Treatment Stations) like point pollution. The latest 

knowledge and sustainable management practices should be applied at large scale. 

Planning, controlling and evaluating measures applied to large scale are highly 

complicated. New and modern tools as modeling techniques should be employed. 

This work is designated to be the first step for spatially based model 

development and application for Lielupe River basin. However much of vital spatial 

data is not available at the moment. Mainly for this reason many simplifications has 

been made. Therefore this tool could hardly be used for detailed planning or 

evaluation of diffuse pollution mitigation measures. Yet is could be useful for 

screening purposes.  
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 II. Literature review 
 

1. Definition and sources of diffuse pollution 
 

Diffuse Pollution comprises true non point source contamination and pollution 

arising from a multiplicity of dispersed, often individually minor, point sources 

(www.sepa.org.uk). However cumulative significance of diffuse pollution is large. 

Examples of true non point sources are sheet run off from fields or seepage of 

nutrients from soil into ground water (www.sepa.org.uk). Especially it is significant in 

Lielupe River basin, which encloses large areas of cultivated lands belonging to the 

most fertile lands of Lithuania (Vinceviciene, 2001). The main indicators, which 

characterize the diffuse pollution pressure, are land use, number of livestock, mature 

storage facilities and the use of fertilizers (EPA (LT) & EPA (SE) 2006). Diffuse 

pollution to river basin catchments comes from atmosphere pollution as well.  

Diffuse sources are conceptually different from point sources. If pollution 

from point sources could be eliminated just by building or renewing water treatment 

stations, pollution elimination from diffuse sources requires multiple approaches. The 

most effective solution is application of Best Management Practices. These practices 

relay on a range of measures from changes in house keeping and behavior, through 

source control, site control and regional control to reduce and alleviate diffuse 

pollution impacts (www.sepa.org.uk).  

Generally farming activities is the main source of diffuse pollution to inland 

waters in Europe, in particular nutrients such as nitrates and phosphates 

(www.euwfd.com). However it has different levels of influence depending on farm 

types (figure 1). Moreover diffuse pollution from agricultural sources is characterized 

by remarkable temporal and spatial variability, depending on the interplay of the 

effects of human driving forces with environmental variables (climate, soil and 

topography) (Giupponi, 2006). Diffuse source-derived phosphorus is estimated to 

contribute some 40-60% of the surface water nutrient budget, while diffuse source-

derived nitrogen more typically contributes some 70-80% of the nitrogen load to 

surface waters (DETR, 1998). Major portions of losses and discharges of total 

nitrogen and total phosphorous to the Baltic Sea originated from diffuse sources 
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(HELCOM, 2004). Diffuse sources compose: for nitrogen 484 090 t (out of 822 000 t) 

59% of all N total load (including background nutrient load) entering the Baltic Sea 

and for phosphorus 22 040 t (out of 41 200 t) 53% of all P total load (including 

background nutrient load) (HELCOM, 2004). More than half of the nutrient 

discharges in Europe now come from diffuse sources arising from farm fertilizers and 

manure (www.swenvo.org.uk).  

Another very important source of diffuse pollution (especially for nitrogen) is 

atmospheric deposition (Brown 2005). Yet others sources could be important as well 

(figure 2). 

 
Figure 1. Nutrient load differences depending on farm type (www.sepa.co.uk website) 
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Figure 2. Nutrient sources ranked in order of importance of their contribution to the national 

budget of  UK (DETR, 1998) 

 

Diffuse pollution is responsible for pollution with heavy metals, persistent 

organic compounds (as polycyclic aromatic hydrocarbons, organic phosphorus 

compounds and oil products) and organic matter (which is usually expressed as 

biochemical (or biological) oxygen demand BOD). However these pollutants usually 

are entering water bodies mainly from point sources. Except those cases when they 

are applied on large scale in large amounts (as pesticides) or occur because of 

feedback mechanisms (as heavy metals leakage because of acid rain) or because of 

dispersed uncontrolled industry remains (as abandoned mines). Discharges from 

abandoned mines can be thought of as diffuse or point source pollution as well, but 

for of the potential for widespread impacts and the uncertainties associated with 

predicting where and when they may occur they are treated as diffuse pollution 

(www.environmental-agency.gov.uk). 

Although main driving forces of diffuse pollution is agricultural activity, 

transport and power production (emissions of NOx for subsequent atmospheric 

deposition) industrial activities may generate diffuse pollution by oils and 

hydrocarbons, sediment, phosphorus, iron, acidifying pollutants through atmospheric 

emissions, and chemicals such as solvents as well (www.ciwem.org). Impervious 

surfaces are causing diffuse pollution during rainy periods by washing out dusts and 

chemicals from urban and industrial areas. If effluents are not trapped and directed to 

water treatment stations they are getting to the nearest water bodies.  
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2. Influence of diffuse pollution 
 

Diffuse water pollution can have significant effects on wildlife and our use of 

water, such as contamination of groundwater, surface water and drinking water 

supplies (www.swenvo.org.uk). It can also cause the smothering of fish spawning 

gravels, eutrophication, oxygen depletion and can be toxic to plant and animal life 

(www.swenvo.org.uk). Most common problem connected with diffuse pollution 

nutrient enrichment in surface waters. This makes different changes in water body’s 

ecology, which usually leads to eutrophication. Nutrient enrichment stimulates the 

growth of plants (algae and higher plants), ultimately leading to the degradation of 

entire ecosystems if not controlled in a satisfactory manner (DETR, 1998). High 

concentrations of nitrate in drinking water are also linked with public health issues 

(Galbiati, 2006).  

Diffuse pollution could cause soil loss as well. This happens, because of poor 

livestock, cultivation management traditions, and absence of buffer zones. Soil 

particles are pollutants themselves; however soil particles can have other chemicals 

adsorbed on them, particularly phosphates and pesticides (www.environmental-

agency.gov.uk). Diffuse pollution from pesticides can be a problem due to leaching, 

run-off, or allowing spray to drift over water (www.swenvo.org.uk/environment/). 

Spillage during the mixing up of pesticides can also lead to contamination 

(www.environmental-agency.gov.uk). Pesticides pollute surfaces and ground waters. 

Surface water environment could have made complete changes of water ecosystems 

from minor concentration of pesticides. They also could cause huge health problems 

in areas where ground water is polluted by pesticides.  

Diffuse pollution could cause microbiological contamination of bathing and 

drinking water. Throughout the world, drinking water is at risk from 

Cryptosporidium, Giardia, Campylobacter, etc (www.environmental-agency.gov.uk). 

The largest amount of microbiological contamination is entering water bodies from 

material washed from land grazed by livestock (OECD, 2005). 
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3. Reduction of diffuse pollution  
 

Reduction of diffuse pollution is complicated and hard task since diffuse 

pollution itself is quite complicated. It requires a lot efforts by multidisciplinary teams 

composed by agronomists, policy makers, hydrologists, ecologists, economists, etc. 

Firstly sources of diffuse pollution should be identified, evaluated and when most 

cost-effective solution should be chosen and applied at catchments scale. 

Different techniques is developed to reduce diffuse pollution, however they 

effectiveness depend from the case. Usually there is no single solution to tackle 

diffuse pollution problems. The most successful approach is called application of Best 

Management Practices, which is actually wide variety of measures. Following 

measures are suggested by http://www.sepa.org.uk website.  

 

� Planning Tools 

� Nutrient budgets; 

� Manure application plans;  

� Pesticide procedures; 

�  Contingency plans for accidents. 

 

� In field measures 

� Conservation tillage; 

� Grassing runoff-carrying depressions in field;  

� Crop residue mulches; 

� Field drainage maintenance;  

� Irrigation scheduling; 

� Locating access tracks for livestock and feedlots away from watercourses; 

� Grazing management; 

� Stocking densities. 

 

� River margins 

� Buffer zones;  

� Fencing off livestock; 

� River restoration. 
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� Built environment 

� Swales & retention ponds or wetlands;  

� Roof cover to exclude rainfall from dirty yard areas; 

� Biobeds for pesticides. 

 

This list encloses most known diffuse pollution reduction measures. Choice, of 

which measures to use, should be based on analysis of current situation, consideration 

of monetary limits and expected result. Diffuse pollution modeling could help to 

answer to many of main questions. 

 

4. Applications for diffuse pollution modeling 
 

Different methodologies have been applied for diffuse pollution modeling at 

river catchments. The simplest approach could be mass balance equations, which is 

used to calculate how big nutrient load for river basin is by using population, animal 

husbandry, land use and other data. This is simplistic approach since it doesn’t include 

spatial and temporal heterogeneity of the river basin. Moreover it gives general 

information about total nutrient load values, which could be only used for screening 

purposes. Few concrete management or policy decision could be evaluated.  

Another example of simple modeling approach is empirical based models for 

nutrient run-off and retention in freshwater. This is simple equation made from multi-

regression analysis by using monitoring data. Typical input data to such empirical 

models are yearly N and P loads, mean water flow, depth of the system and yearly 

residence time of the water body (Dorge, 2003). The usefulness of such models in the 

water administration is high as one can quickly make rough estimates of e.g. benefits 

gained from nature restoration projects using empirical models (Dorge, 2003). 

Multi-Criteria Analysis (MCA), which is usually applied with Geographical 

Informational Systems technologies (GIS) is another useful tool in the diffuse 

pollution modeling. Multi-Criteria Analysis (MCA) is a decision-making tool 

developed for complex problems (www.cifor.cgria.org). The identifying feature of 

MCA is allocating weights to assessment criteria in order to rank alternatives (Bonte, 

1998). MCA always apply some level of calculation. It could range from simple to 
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complex. Usually different thematic raster layers are overlaid by summing up of 

different scores, which were modified by assigning weights to different criteria. In 

diffuse pollution modeling MCA answers to questions such as, which areas are the 

most vulnerable to diffuse pollution, which areas are making the biggest influence to 

diffuse pollution, which environmental management alternatives are better, etc. 

GIS itself is one of the most useful tools for diffuse pollution modeling. 

Usually it is not possible to have realistic diffuse pollution modeling without GIS 

since diffuse sources are scattered and they location is very important for estimating 

they influence. A GIS is a computer system capable of spatially representing data on 

the land surface and linking additional data related to this spatial depiction, through 

tables and charts (Naranjo, 1997). Furthermore, GIS is used in the area of 

environmental modeling, by providing ease and accuracy in surface terrain 

representation, watershed delineation, precipitation, data compilation, non-point 

source pollutant loading calculation and other concepts related to environmental 

processes (Najanjo, 1997). Consequently, GIS has emerged as more than just a 

viewing interface; it is a powerful modeling tool which can help provide the 

knowledge necessary to make sound engineering and management decisions 

(http://www.crwr.utexas.edu). 

Dynamic models are widely used in diffuse pollution modeling. They could 

range from very simple to extremely complicated therefore they could handle almost 

any situation of diffuse pollution reflection. Generally watershed models are divided 

into two classes. It is empirically based lumped parameter models and physics-based 

distributed-parameter models. In the lumped parameter representation, a watershed is 

considered to be a single unit behaving in accordance to a completely empirical or 

quasi-empirical response function with little or no dependence to the analytic 

description of physical processes and spatial heterogeneity (Singh, 2006). On the 

other hand, the distributed parameter representation is based on the idea of treating the 

system as a discretized set of small homogeneous units that address the spatial 

heterogeneity with full reference to the analytic representation of physical processes 

that act on each unit (Singh, 2006). Usually models are something in between since it 

distributed parameter models requires too much computing capacity and lumped 

parameter model do not represent spatial heterogeneity. Therefore many models 

trying to make tradeoff between these two shortcomings. For instance the simplest 



 11 

way to overcome the lumped structure of a model is to subdivide a catchments into 

sub-catchments (Krysanova, 2005). Although these subdivided units may be not 

homogeneous they are represented better as if they would be modeled as one unit.  

Diffuse pollution model also are divided into empirical or physical-

mechanistic based models. Empirical models predominantly rely on the use of 

coefficients that have been developed from statistical relationships between the 

pollutant input and output, whereas the physical-mechanistic models rely on 

parameters or variables that explain the key processes affecting the transport of the 

pollutant from the source to the waterway, and may additionally consider in-stream 

processes (Dela-Cruz, 2003). Many empirical and physical-mechanistic models are 

optimized to work at small spatial scales and have been shown to be extremely useful 

for local catchment management (Dela-Cruz, 2003). The very few models that operate 

at larger spatial scales are based predominantly on the empirical modeling approach. 

In the book of “Watersheds modeling” 2006  Singh P. V. & Frevert K. D great 

variety of watershed model have been review and divided into classes. Classes and 

models reviewed by this book presented below.  

 

� Large-Scale Hybrid Watershed Modeling 

� Hydrologic Simulation Program-FORTRAN (HSPF);  

� Variable Infiltration Capacity [VIC] 3-Layer model. 

� Streamflow Models 

� The Gridded Surface/Subsurface Hydrologic Analysis (GSSHA) model; 

� USGS Modular Modeling System (MMS) – Precipitation-Runoff Modeling; 

System (PRMS); 

� The Xin’anjiang Model on Digital Basin Platform. 

� Streamflow and Water Quality Models 

� Physics-Based Watershed Model: WASH123D; 

� Flexible Integrated Watershed Modeling with MIKE SHE; 

� Better Assessment Science Integrating Point and Nonpoint Sources 

(BASINS); 

� MEFIDIS: A Physically Based, Spatially Distributed Runoff and Erosion 

Model for Extreme Rainfall Events; 
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� BAYMOD: Modeling Irrigated Catchments Using the Streamflow Integral 

Approach. 

� Urban Watershed Models 

� EPA Storm Water Management Model, SWMM5; 

� IDEAL: Integrated Design and Evaluation Assessment of Loadings Model; 

� SEDIMOT III Model. 

� Agricultural Watershed Models 

� The SPAW Model for Agricultural Field and Pond Hydrologic Simulation; 

� The APEX Model; 

� GAMES: The Guelph Model for Evaluating the Effects of Agricultural; 

Management Systems on Erosion and Sedimentation. 

� Planning and Management Models 

� Soil and Water Assessment Tool (SWAT) model; 

� RiverWare; 

� A Parsimonious Watershed Model; 

� MODSIM: River Basin Management Decision Support System; 

� Hydrological River Basin Environment Assessment Model (Hydro-BEAM); 

� State of Colorado’s Stream Simulation Model (StateMod). 

 

This is one of the best (according to author’s opinion) lists found in literature 

for inland water modeling. The most common and well developed models have been 

presented in it. 

 

5. Problems related to diffuse pollution modeling  
 

Lithuania had quite weak environmental protection during The Soviet Union 

times. There was no preparation of environmental specialists. In those years 

philosophy of socialism considered totally different approaches comparing to 

capitalism. Serious environmental problems were impossible in the Soviet Union 

according to the policy of the state. This philosophy and retardation in regard to of 

civil technologies and attitude influenced that environmental data was started to 

collect quite late and models applied by governmental agencies just quite recently. 
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Therefore data related problems and model application experience are the biggest 

problems in Lithuania. 

Generally, the most limiting factor for detailed diffuse modeling is to obtain 

reliable data for the diffuse loading (Dorge, 2003). This problem is quite common in 

Lithuania. There is no data on mineral fertilizer use in Lithuania at the meantime 

(EPA (LT) & EPA (SE), 2006). There is also no data about the livestock and poultry 

within boundaries of the rivers basin’s area (EPA (LT) & EPA (SE), 2006). There is 

also no data about farming methods employed in the area as well. Moreover it is 

difficult to identify all point source polluters and to quantify they influence.  

One more problem with diffuse modeling is model validation. Particularly 

problematic for diffuse pollution models is that space largely have to be substituted 

for time (Lane, 2005). This means basically that, because of time and money costs 

validation phase is usually reduced or skipped. Generally models are not to validated 

but to assessed conformity with statutory regulations (Lane, 2005). 

 

6. Data requirements for diffuse pollution modeling  
 

Data requirements are quite different depending on models and modeling 

scope and aim, however it could be distinguished main data need for diffuse pollution 

modeling. Without this data diffuse pollution modeling is usually impossible. Firstly it 

is elevation data. Usually it is obtain as DEM (Digital elevation model) raster layer. 

From this layer much of geomorphologic data could be derived as river networks, 

drainage areas, slopes, slope lengths and watershed area. Actually realistic diffuse 

pollution modeling is impossible without elevation data since it is base of diffuse 

pollution estimation. Other vital data is land use, rainfall, soil type. Land use data is 

important for nutrient leaching and retention estimation. It is even better if addition to 

this data fertilizes application data in studied regions exist as well. Rainfall 

influencing how much diffuse pollutant is washed out to water bodies. Other climate 

data (temperature, wind speeds, solar radiation) could be required by models as well. 

Soil type could be useful for calculating infiltration, ground water pollution, nutrient 

retention.  
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III. Aim and objectives of this work 
 

The aim of this work is to sift diffuse pollution problems and it’s mitigation 

measures in Lielupe River basin (part lying in Lithuanian territory) applying spatial 

modeling technique.  

 

Objectives of this work: 

 

• Review literature about diffuse pollution problems and it’s reduction 

measures; 

• Create and implement simplified spatial diffuse pollution model for 

Lielupe River basin; 

• Evaluate land cover and river quality parameters and their changes for 

Lielupe River basin;  

• Evaluate diffuse pollution with nutrients in Lielupe River basin using 

spatial modeling techniques; 

• Evaluate extent of diffuse pollution mitigation measures and their optimal 

spatial distribution employing spatial modeling.   
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IV. Research object and Methodology 
 

Diffuse pollution problem in Lielupe River basin have been chosen as a 

research object. It is one of the most important issues for inland waters in Lithuania.  

There are different approaches to diffuse pollution modeling as previously 

stated. However the biggest shortcomings related with data (which is not always 

available) influence model selection and modeling framework. In Lithuania much of 

needed data is still under preparation if at all collected (like livestock and poultry 

within boundaries of the river basin’s area or mineral fertilizers application rates). 

Therefore simplistic diffuse pollution modeling approach has been applied for Lielupe 

River basin. It has been implemented using Geographical Informational Systems 

(GIS) and Multi-Criteria Analysis (MCA) technologies.  

Approach is based of assumption that every part in river basin is giving a 

certain average amount of diffuse pollution depending on land use, accounting as 

kg/ha per year of nitrogen and phosphorus. Other factors (modifying factors or 

coefficients) are influencing leaching factor depending on their magnitude. Modifying 

coefficients are slope, precipitation, soil and distance to water body. Literature has 

been used to find leaching and modifying factor values. Principle of the model 

presented below (figure 3). 
 

 

Modeling has been performed using Geographical Informational Systems 

technologies. ESRI ArcGIS 9.1 and Arc Hydro version 1.1 Beta, software was used 

for this research. ArcGIS 9.1 is full-featured GIS software for visualizing, analyzing, 

creating, and managing data with a geographic component (www.esri.com). Arc 

Hydro is an ArcGIS-based system geared to support water resources applications (Arc 

Hydro Help). It consists of two key components Arc Hydro Data Model and Arc 

Hydro Tools. The Arc Hydro data model provides a basic database design for water 

resources (Arc Hydro Help).  The Arc Hydro Tools are a series of tools built on top of 

the Arc Hydro database that facilitates the analyses often performed in the water 

X 
Leaching 
from areas 

Land cover 
factor 

Slope 
coefficient 

Precipitation 
coefficient 

Soil 
coefficient 

Distance 
coefficient X X X = 

Figure 3. Principle of simplified diffuse pollution modeling 
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resources area (Arc Hydro Help). For calculation algorithms and file format 

transformations Matlab 6.5 software has been used. MS Office 2000 EXCEL software 

was used as well.  

Mainly raster data type has been used for modeling diffuse pollution and 

calculating nutrient leakage. Original dataset of DEM layer obtained was 5 meters 

resolution for cells. However, since calculations with such detail data are really 

complicated, it would take enormous amounts of time (original DEM raster layer was 

2,83Gb size), raster cells have been enlarged to 40 meters resolution for cells. This 

scale has been viewed as sufficient for quite detail representation on Lielupe river 

basin and also it is sufficient in regard to calculation time. Since other datasets (for 

soil, precipitation) having larger cells, enlarging raster cell gives just trivial 

inaccuracy. While enlarging raster cells center cell value has been taken to give value 

to large cell. 

Land cover as a leaching factor is the most important in the modeling, because 

it gives dimensional values, which after could be corrected using modifying factors. 

Therefore their selection is crucial to outcome of modeling. Since no research 

possibilities were available literature has been used extensively to find and select 

leaching values for different land cover classes. However before assigning leaching 

values land cover was reclassed into 7 classes in order to adapt selected leaching 

factor values. To artificial surfaces were reclassed 112, 131, 133, 121, 122, 132, 141, 

142 and 124 CORINE land cover classes, to arable land – 211 and 222, to pastures - 

231, to heterogeneous agricultural areas – 242 and 243, to forests and semi-natural 

areas – 312, 311, 313, 324 and 321, to wetlands – 412 and 411, to water bodies – 512 

(Appendix I). Only these land cover classes have been found in Lielupe River basin.  

In table 1 leaching factor values used in modeling are shown. 
 

Table 1. Land use dependant leaching values 
Kg/ha/year  Land cover class 

  N P 
Literature 
  

Arable land 28,67 0,248  Belous, 2003 
Artificial surfaces 1,48 0,047  Belous, 2003 
Forests and Semi-
natural areas 

1,96 0,023  Belous, 2003 

Heterogeneous 
Agricultural areas 

8,26 0,14  EPA (LT) & EPA (SE) 2006 
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Pastures 3,23 0,08  EPA (LT) & EPA (SE) 2006 
Water bodies 10 0,3  Belous, 2003 
Wetlands -100 0,1  Casey, 2001 
 

DEM data have been obtained from National Land Service under the Ministry 

of Agriculture. However initially it was received in Point Elevation Model (*.xyz 

files) that made it impossible to use in ArcGIS. Therefore program in Matlab has been 

written to transform these files to text files (*.txt files with structure usable in 

ArcGIS), which is possible to import in ArcGIS. When solid DEM layer has been 

created following procedures to create drainage line with Arc Hydro software was 

applied (description of operations have been taken from Arc Hydro help): 

 

� Fill sinks. The Fill Sinks function fills sinks in a grid.  If higher 

elevation cells surround a cell, the water is trapped in that cell and cannot 

flow.  The Fill Sinks function modifies the elevation value to eliminate these 

problems. 

� Flow direction. The Flow Direction takes a grid as input, and 

computes the corresponding flow direction grid. The values in the cells of the 

flow direction grid indicate the direction of the steepest descent from that cell. 

� Flow accumulation. The Flow Accumulation function takes as 

input a flow direction grid. It computes the associated flow accumulation grid 

that contains the accumulated number of cells upstream of a cell, for each cell 

in the input grid. 

� Stream definition. The Stream Definition function takes a flow 

accumulation grid as input and creates a Stream Grid for a user-defined 

threshold. Threshold in this case was chosen at 600 cells. This after translating 

drainage area gives 0,96 square kilometers. The resulting stream grid contains 

a value of "1" for all the cells in the input grid that have a value greater than 

the given threshold.  All other cells in the Stream Grid contain no data. 

� Stream segmentation. The Stream Segmentation function 

creates a grid of stream segments that have a unique identification.  Either a 

segment may be a head segment, or it may be defined as a segment between 

two segment junctions.   All the cells in a particular segment have the same 

grid code that is specific to that segment. 
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� Catchments grid delineation. The Catchment Grid 

Delineation function creates a grid in which each cell carries a value (grid 

code) indicating to which catchment the cell belongs.  The value corresponds 

to the value carried by the stream segment that drains that area, defined in the 

stream segment link grid. 

� Catchments polygon processing. The Catchment Polygon 

Processing function (Terrain Preprocessing menu) takes as input a catchment 

grid and converts it into a catchment polygon feature class. The adjacent cells 

in the grid that have the same grid code are combined into a single area, whose 

boundary is vectorized.  The single cell polygons and the "orphan" polygons 

generated as the artifacts of the vectorization process are dissolved 

automatically, so that at the end of the process there is just one polygon per 

catchment. 

� Drainage line processing. The Drainage Line Processing 

function converts the input Stream Link grid into a Drainage Line feature 

class.  Each line in the feature class carries the identifier of the catchment in 

which it resides. 

 

Output from following operation of flow direction, flow accumulation, stream 

definition, catchments polygons processing and drainage line processing have been 

used further in research.  

Other layers required by model have been obtained in following ways. Slope 

was calculated using DEM raster data with ArcGIS general functionality. 

Precipitation data has been taken from Baltic GIS portal (gis.ekoi.lt). The data are 

referred to as the ‘WorldClim’ database and also are available for download directly 

from http://www.worldclim.org. Surfaces in this data set have a 30-arc seconds spatial 

resolution; this is equivalent to about 0.86 km2 at the equator and less elsewhere and 

commonly referred to as ‘1-km’ resolution (Hijmans, 2005). The only preparation for 

precipitation data was to resample raster layer to smaller resolution raster (40 meters 

resolution raster cell) to comply with DEM. Nearest neighbor assignment resampling 

technique was used to increase raster resolution. Soil data have been taken from 

European Soil Database (ESDB) v2.0, Soil Geographical Database Of Eurasia At 

Scale 1:1,000,000 Version 4 beta (5). Dominant textures of the STU (Soil Typological 
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Units) have been used further in modeling. Data from vector format has been 

transformed to raster with resolution of 40 meters cell. Bigger calculations were 

needed to obtain distance to drainage line layer. For this flow direction and stream 

definition layers was used. In Matlab program has been written to calculate distance 

according to flow path to every cell center. Distances were calculated starting from 

river and adding distance values between cells centers (1 or 1.414 multiplied with cell 

resolution) following up by flow direction. All obtained data was also reprojected to 

GRS_1980_Transverse_Mercator projection coordinate system.  

Influence of modifying factors on leaching factor was taken from literature. 

Since during this research no laboratory works have been done and also no any 

database or reglamentation for these coefficients exists in Lithuania, coefficients were 

taken from literature that introduced some level of uncertainty.  

Slope factor influences leaching by increasing leaching on nutrients while it 

increases. There was a number of studies made on this subject, however one article 

have been picked since data, which was showed in this article was usable to make 

trends for slope influence to nutrient leaching. In this article wrote by Bae (2003) was 

showing trends for agricultural land (y = 0,0375x + 0,1127) as well as forest (y = 

0,04x + 0,035). As these tends were quite similar coefficient was simplified to 

following 1+(0,04*slope) allowing it to be applied on all land cover types and within 

this model framework.  

As for precipitation another article of Li (2006) have been used. In this article 

is showed that when the rain intensity increased, the nutrient concentrations increased 

slightly and then maintained in balance. Therefore, the rain intensity has a small 

influence on nutrient concentrations in runoff but a significant influence on the runoff 

flow (Li, 2006). It was assumed that leaching coefficients is representing average 

precipitation in areas whereas only higher or small precipitation could influence 

nutrient leaching. According to this precipitation coefficient was expressed as 

following: 

 

Precipitation coefficient = Precipitation in cell / Average precipitation for 

all area 
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Average precipitation for Lielupe River basin area was 627.4 mm per year. It 

was calculated from precipitation raster data. 

 

Soil data is expressed as dominant surface textural classes, which are made 

using clay and sand proportion. There are 5 textural classes in Lielupe River basin. It 

is Coarse (18% < clay and sand > 65%), Fine (35%<clay<60%), Medium (18% < clay 

< 35% and sand ≥ 15%), Medium fine (clay < 35% and sand  < 15%) and No mineral 

texture (Peat soils). They have been divided into groups of sand (coarse), medium 

(medium and medium fine) and clay (fine) to, which coefficients have been assigned 

(except peat soils, which got no coefficient value). Medium class includes mainly 

sandy and clay loams. Trends from Simmelsgaard (1998) article were used in constant 

calculation (figure 4). Constant have been calculated from trend equation. Medium 

class was the strongly dominant in Lielupe River basin therefore it was assigned as 1, 

because it was not modifying leaching factor. Sand and Clay account for far lesser 

part of area therefore they influence was calculated taking proportion with Medium 

class (table 2). For phosphorus different leaching coefficients were taken from book 

of Zenonas Kaunas (2004). These coefficient represented different phosphorus 

leaching characteristics from different environments. However all leaching 

coefficients influenced in final phosphorus leaching equation directly by increasing 

phosphorus leaching if they would be increased. For finding constants all leaching 

coefficients were summed, multiplied with total phosphate in different soils, result 

was averaged for minimum and maximum and the last proportion have been taken 

with medium soil type (table 3). 
 

Table 2. Soil coefficients for nitrogen leaching (calculated from Simmelsgaard (1998) data) 
Class Sand Medium Clay 

Textural classes Coarse Medium, Medium fine Fine 
Nitrogen leaching according to 

trend kg/ha per year 53,34901 25,24648 22,90354 

Constant 2,113 1 0,907 
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Figure 4. Trend for clay influence to nitrogen leaching (data have been taken from article of 
Simmelsgaard (1998)) 

 

Table 3 Soil coefficients for phosphorus leaching (data have been taken from book of Kaunas 
(2004)) 

Soil type 
Sand 
(Coarse) 

Medium 
(Medium, Medium fine) 

Clay 
(Fine) 

Peat 
(No mineral 

texture) 

Characteristic 

Min Max Min Max Min Max  
Mobile phosphate 80 200 200 300 300 400 640 

Total phosphate 800 1500 1500 3000 3000 3400 1600 

n1 0,02 0,02 0,0017 0,0017 0,0017 0,0017 0,015 

n2 0,8 0,8 0,26 0,26 0,26 0,26 0,32 

n3 0,0014 0,0014 0,0004 0,0004 0,0004 0,0004 0,0005 

n4 0,85 0,85 0,28 0,28 0,28 0,28 0,34 

Sum of coefficients 
(n1+n2+n3+n4) 

1,6714 1,6714 0,5421 0,5421 0,5421 0,5421 0,6755 

Sum multiplied with total 
phosphate 

1337,12 2507,1 813,15 1626,3 1626,3 1843,14 1080,8 

Average of Min. and Max.  1922,11  1219,725  1734,72 1080,8 

Proportion with Medium  1,576  1  1,422 0,886 
 

For distance coefficient slightly different approach have been taken. It was 

assumed that going further from river area influence to leaching of nutrients is 

decreasing. Also it was assumed that is proportion of some constant distance (till 

which influence is 1 or in other terms there is no influence) with real distance at the 
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place evaluated. Since leaching factor is already average for all basin area quite big 

distance should be chosen to emphasize only the most distant areas (most distant from 

drainage line by reducing leaching to them). Different distances have been chosen 

(40, 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 meters) for finding the 

most suitable. Leaching from each cell was used to calculate nutrient load from 

different catchments. Results were compared to modeling performed by 

Environmental Protection Agency of Lithuania in 2004. This modeling was performed 

with Mike Basin model of DHI Software Company. The most similar results were 

reached using 800 meters distance. Therefore this distance was used for further 

calculations. 

Below is presented detail model calculation framework for obtaining nutrient 

leaching values from every area in basin (figure 5). 
 

 

The last but not the least thing examined by this study was finding the way to 

reduce diffuse nutrient load in Lielupe River basin. The best mean, which could be 

examined with available data and within this modeling framework, is making 

wetlands and retention ponds. For nitrogen it was assumed that leaching of more than 

20 kg/ha/year was unacceptable in catchments (this value is arbitrary chosen by 

author of this study). Selected small sub-basins were the most polluted by diffuse 

pollution. Therefore diffuse pollution reduction measures first must be applied to 

these small catchments. In order to find the best places for wetlands (it is to transform 

places to wetlands), which would account to largest reduction in diffuse pollution 

following steps made. First, to all areas except build up and water bodies in land cover 

layer have been assigned wetland leaching factor. This then was subtracted from 

original leaching factor values in raster layer and reduction of nutrient leakage was 

found in every cell. Second areas that were on steeper slopes as 2% (since it is 

difficult to make stable wetlands on steep slopes) as well as outside selected 

catchments were also eliminated. The last step, program has been written in Matlab. 

X 

 
Leaching 
from areas 

Constant 
according 

to land 
cover type 

 
1+(0,04* 
*slope) 

Precipitation 
in cell/ 

/Average 
precipitation 

Constant 
depend on 

Soil 
texture 

800/ 
/distance  

if (coef<1, 
then coef=1) 

X X X = 

Figure 5.  Framework of calculation leaching values from cells 
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As an input data was used surplus of nitrogen in catchments (found by subtracting 

total amount diffuse nitrogen load from catchment by amount, which should be if 

average leaching in it would be 20 kg/ha/year), selected catchments raster data (where 

cell belonging to the same catchments have the same code) and the above-mentioned 

(difference) layer. The cells in difference layer were ranked according to they 

influence on diffuse pollution reduction and then starting from top rated subtracted 

from surplus of nitrogen in catchments till is reached less or equal to zero. These cells, 

which have been used in subtraction, were transformed to wetlands. Also another 

program was written in which number of wetland cells is catchments were counted 

and value from 1000 to zero have been calculated showing preference for wetland to 

be made in this areas (1000 is the biggest, 1 is the smallest). 

 

Preference = (1 – (Rank of wetland cell – 1)/Wetland cells in 

catchments)*1000 

 

Since output from modeling was quite dispersed cells expand and shrink 

operation has been used to find the more solid areas for wetlands. For expand 

operation number of cells used were 2 and for shrink 3. Shrink operation used more 

cells than expand in order to reduce or eliminate separate wetland cells. Areas, which 

were on steeper then 2 % slopes or build-up areas or water bodies, have need 

eliminated from results as well. 

Methods used by the author of this research in based on many assumptions and 

many coefficients is not verified by laboratory or yield work for Lielupe River basin. 

Moreover modeling approach is quite simplistic. However this simplistic approach 

could provide quite good comparative spatial analysis that gives valuable 

understanding about general patterns in Lielupe river basin. It also helps in finding 

places making significant influence of nutrient load to basin. 

Overall modeling framework is presented below (figure 6). 
  



 24 

 

 
Figure 6. General modeling framework 

Slope ↑ 
DEM raster layer. 

Distance to water body ↓ 
DEM raster layer. 

 

Soil properties ↕ 
Soil type map. Land cover ↕ 

CORINE land cover vector data. 

Precipitation ↑ 
Annual average precipitation 

raster. 

Modifying factors 

Diffuse pollution 
to river basin from 

cell 

Influence of the area 
for diffuse pollution 

into water bodies 

Catchments in Lielupe 
River basin 
Vector data 

Proposed places for 
wetlands to reduce 
diffuse pollution in 
Lielupe River basin 

Leaching factor 

 



 25 

V. Results and their analysis 
 

1. Land cover and its change analysis 
 

Land cover is one of the key parameter in the model therefore its analysis is 

one of the main part of this work. For general analysis reclassed CORINE 2000 land 

cover have been selected, for more specific, land cover change analysis, original 

CORINE 95 and CORINE 2000 land cover data were used.  

Through whole Lielupe River basin the most dominate land cover type is 

arable land. It accounts for more than 50 % from all area of Lielupe River basin 

(figure 7 and 8). It should be also added that 16 % of territory is covered by 

heterogeneous agricultural areas. Arable land is the one of the most important reasons 

why this basin having so many diffuse pollution problems. However it’s part greatly 

varies between Lielupe River sub-basins (figure 10). Small Tributaries of Lielupe sub-

basin is the most effected by agriculture. Nearly 64 % of all its territory is occupied by 

arable land. For example in Nemunelis sub-basin it is just little over 50 percent. Yet 

arable land is dominant land cover class in all sub-basins. Second biggest class is 

forests and semi-natural areas which occupying 2177 square kilometers of Lielupe 

River basin territory (figure 9), that make up 24 %. It has opposite patterns comparing 

to arable land. Forest and semi-natural areas account for more than 24% in Nemunelis 

sub-basin, while in Small Tributaries of Lielupe sub-basin little less than 16 percents. 

Pastures are adding their pressure to the river basin as well. They are occupying 397 

square kilometers respectively, that makes up 4 percents in all Lielupe River basin. 

For point pollution sources the most important is artificial surface land cover class. It 

makes up about 3 % in Lielupe River basin with little variation between sub-basins. 

Wetlands and water bodies occupies the smallest territory in the basin. They compose 

little more than 0,5 percent of all territory, however in Small Tributaries of Lielupe 

sub-basin their part is more than twice less. 
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Figure 7. Map of land cover classes in Lielupe River basin (CORINE 2000 land cover database) 
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Figure 8. Distribution of land cover classes in Lielupe River basin 
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Figure 10. Percentage of land cover classes in different Lielupe River sub-basins 
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For land cover change analysis CORINE 95 and CORINE 2000 data has been 

used. Vector layers of those two datasets were intersected and areas where land cover 

differed were extracted (Appendix III, figure 3). Results of this analysis were quite 

stunning since it strongly showed that natural or more natural land cover types was 

widely changed with anthropogenic (table 4). However it correspond with findings for 

all Lithuania territory published in report by Institute of Ecology of Vilnius University 

(Vaitkus, 2004). Almost all land cover class changes that makes more than 1,6 % of 

all land cover change is change to more anthropogenic land cover class. Especially 

large change was observed for pastures to non-irrigated arable land that accounts for 

more than 50 % of all land cover change. Non-irrigated arable land changed to 

pastures in more than 10129 ha in Lielupe River basin. Also considerably strong 

change was observed from all forest types to transitional woodland-shrub class. It 

accounts for nearly 32 % of all change in Lielupe River basin. 6316 ha of forests land 

cover changed to transitional woodland-shrub land cover class. Overall 87 % of all 

land cover changed to more anthropogenic land cover classes. 

Since only 1995 and 2000 year data was used it is difficult to say what 

situation is now. However if these observed trends stills continue in Lielupe River 

basin this means that diffuse pollution is increasing, because it is highly correlated 

with arable land cover class.  

 
Table 4. Land cover change in Lielupe River basin 

Land cover in 1995 Land cover in 2000 
Area of 

change in 
ha 

Percentage 
from 

all land cover 
change area 

Mineral extraction sites Water bodies 37,5 0,2 
Non-irrigated arable land Mineral extraction sites 27,7 0,1 
Non-irrigated arable land Pastures 260,0 1,3 

Non-irrigated arable land Complex cultivation 
patterns 1481,6 7,4 

Fruit trees and berry 
plantations Non-irrigated arable land 42,4 0,2 

Pastures Non-irrigated arable 
land 10129,4 50,9 

Pastures Complex cultivation 
patterns 853,9 4,3 

Complex cultivation patterns Mineral extraction sites 21,0 0,1 
Complex cultivation patterns Non-irrigated arable land 323,5 1,6 

Broad-leaved forest Mixed forest 47,7 0,2 
Broad-leaved forest Transitional woodland- 1664,5 8,4 
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shrub 
Coniferous forest Mixed forest 28,2 0,1 

Coniferous forest Transitional woodland-
shrub 730,3 3,7 

Mixed forest Broad-leaved forest 120,3 0,6 
Mixed forest Coniferous forest 27,7 0,1 

Mixed forest Transitional woodland-
shrub 3920,8 19,7 

Transitional woodland-shrub Broad-leaved forest 54,5 0,3 
Transitional woodland-shrub Mixed forest 43,1 0,2 
 

To analyze how does land cover change influencing river parameters of 

Lielupe River basin monitoring represented zones have been created and change of 

land cover was calculated in them. 

Monitoring represented zones were made in following steps. Firstly batch 

points were generated for each monitoring station and then sub-watersheds were 

delineated. After it buffer zones of 10 kilometers around each monitoring station were 

created. They have been clipped according to sub-watersheds to which monitoring 

stations belongs. Areas were reduced further by eliminating areas more than 1 

kilometer way from delineated drainage lines (Appendix III, figure 4).  Distance to 

drainage lines was calculated according flow path. Distance of 10 and 1 kilometer 

have been chosen using an assumption that closer areas influencing water quality 

more then distant and these distances emphasize the most important areas. Certainly 

this is quite simplistic approach since all areas outside monitoring represented zones 

are eliminated, however these arbitrary distances makes possible to extract the closest 

and the most critical areas. 

 Areas obtained after before mentioned operations (Appendix III, figure 4) 

were used to clip land cover layers. Results are presented in table 5. They show 

similar patterns as for all Lielupe River basin. For instance pastures change to non-

irrigated arable land and complex cultivation patterns classes constitute from more 

than 43 % from all land cover change within monitoring represented zones. In whole 

Lielupe River basin it is 55,2 %. It shows that pressures from arable land are 

increasing slower in monitoring represented zones then in whole Lielupe River basin. 

However of main group of land cover degradation forest change to transitional 

woodland-shrub class is slightly larger in monitoring represented zones 38,5 % 

comparing to 31,8 % in all Lielupe River basin.  
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Table 5. Land cover change in monitoring representation zones 

Land cover in year 1995 Land cover in year 2000 Area of 
change in ha 

Percentage 
from all land 
cover change 

Non-irrigated arable land Mineral extraction sites 8,7 0,6 
Non-irrigated arable land Complex cultivation patterns 145,1 10,0 

Non-irrigated arable land 

Land principally occupied by 
agriculture, 

with significant areas of 
natural vegetation 

15,9 1,1 

Fruit trees and berry 
plantations Non-irrigated arable land 34,6 2,4 

Pastures Non-irrigated arable land 543,8 37,4 
Pastures Complex cultivation patterns 92,2 6,3 

Complex cultivation 
patterns Non-irrigated arable land 15,8 1,1 

Land principally occupied 
by agriculture, 

with significant areas of 
natural vegetation 

Non-irrigated arable land 5,2 0,4 

Broad-leaved forest Mineral extraction sites 11,2 0,8 
Broad-leaved forest Mixed forest 14,6 1,0 

Broad-leaved forest Transitional woodland-
shrub 68,7 4,7 

Mixed forest Broad-leaved forest 10,8 0,7 

Mixed forest Transitional woodland-
shrub 480,3 33,0 

Transitional woodland-
shrub Mixed forest 4,6 0,3 

 

In both presented tables of land cover change (table 4 and table 5) rows with 

less then 0,1 % land cover influence to total land cover change was eliminated. 

2. Spatial and temporal analysis of hydro-chemical river 

parameters 

For analysis of hydro-chemical river parameters data for 2000 – 2006 year has 

been obtained from Lithuanian Environmental Protection Agency. Totally there are 21 

monitoring stations in Lielupe River basin (actually this was the case till year 2005, 

then monitoring program changed). Measuring in these stations is performed every 

month for most important parameters. Totally measured are 77 parameters. For years 

2001, 2002, 2003 and 2004 data exists for all monitoring stations. However for year 

2005 and 2006 data from Lithuanian Environmental Protection Agency was obtained 

just for 5 monitoring stations.  
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Status of rivers in Lielupe River basin have been assessed according to the 

main indicatory parameters, such as BOD7, Ntot, NH4-N, N03-N, PO4-P, O2 (EPA (LT) 

& EPA (SE), 2006) and water yield as well. 

One of the most important parameter in rivers for diffuse pollution is yield 

(table 5). Since it has negative correlations with some diffuse pollution indicating 

parameters, some of variations of these parameters could be explained. For instance, 

correlation between yield and Ntot is –0,2, NH4 - -0,2, N02 - - 0,16, Ptot - - 0,13, P04 - -

0,11. However correlation between yield and NO3 is slightly positive. It equals to 

0,07. Negative correlations could be explained that bigger precipitation and larger 

volumes of water is dispersing pollutants. Yet bigger precipitation is making more 

pollutants as well since more nutrients have been dissolved and removed b water.  

In the table 6 is seen that the most watery year is 2001 and the most dry is 

2006. It could be connected with climate variations. According to which in year 2006 

temperatures around the globe was the highest on record (Hansen, 2006). Reduction 

of water yield according to global warming could result in additional pressure on 

surface water quality, since most of the water parameters are negatively correlated 

with water yield. This could be quite important aspect to implementation of Water 

Framework Directive.  

 
Table 6. Yield averaged for different years in monitoring stations 

Yield m3/s 
No. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 2,90 1,268 0,987 1,641 -- -- 

85 Musa Below Kulpe 4,90 2,283 1,568 2,858 -- -- 

86 Musa Below Salociai 32,20 16,354 17,079 15,26 17,027 9,433 

87 Sidabra Below Joniskis 0,49 0,26 0,162 0,142 -- -- 

88 Sidabra On Latvian border 1,19 1,083 0,433 0,334 0,316 0,163 

89 Nemunelis Below Panemunis 2,93 1,414 2,82 2,973 -- -- 

90 Juodupe Below Juodupe 0,91 0,695 1,89 2,571 -- -- 

91 Laukupe Below Rokiskis 0,97 0,825 2,129 2,852 -- -- 

92 Tatula Above Birzai 1,44 0,758 1,038 1,765 2,691 0,445 

93 Tatula Below Birzai 2,26 1,094 1,524 2,528 -- -- 

94 Tatula Near Treconys 3,58 1,715 2,284 3,958 -- -- 

95 Levuo Above Kupiskis 1,09 0,723 0,717 2,228 -- 0,688 

96 Levuo Below Kupiskis 1,78 1,154 1,133 3,599 -- -- 

97 Levuo Above Pasvalys 5,62 3,453 2,978 4,843 -- -- 

98 Levuo In the mouth 5,85 3,683 3,151 5,135 -- -- 

99 Daugyvene In the mouth 2,71 0,637 0,528 0,652 0,010 0,154 

100 Kruoja In the mouth  1,12 -- 0,526 0,313 -- -- 

101 Obele Below Radviliskis 0,18 0,057 0,085 0,091 -- -- 

102 Obele In the mouth -- -- 0,413 0,156 -- -- 

103 Kulpe Below Siauliai 1,32 0,83 0,49 0,659 -- -- 
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104 Kulpe In the mouth 1,76 1,403 0,73 0,734 -- -- 

 

Dissolved oxygen is one of the most important hydro-chemical parameters, 

which is showing habitant suitability to different species. Dissolved oxygen is key 

parameter in dividing waters to cyprinid and salmonid water body classes. According 

to “Fish-based typology of lakes and rivers, ecological quality elements and status 

classification system” report prepared by Institute of Ecology of Vilnius University 

surface water have been divided into 5 ecological status classes complying with 

requirements of Water Framework Directive (table 7). These classes were chosen 

according to influence of parameter value to fish. Even though these concentrations 

are yet to be approved by Ministry of Environment, they are good means to evaluate 

water bodies. These quality guidelines are purely based on fish biology and risk 

assessment. The real quality guidelines (which should be approved this year) most 

likely would be politically influenced.  

 
Table 7. Water quality elements, suggested for water quality assessment and their range per 
ecological status class (Virbickas, 2007) 

Status Water 
Quality 

Elements High Good Moderate Poor Bad 

BOD7 < 2 2,0-3,0 3,1-4,0 4,1-5,0 > 5 
Ntot < 1,4 1,4-2,4 2,5-3,8 3,9-5,2 > 5,2 

NH4-N < 0,05 0,05-0,09 0,1-0,19 0,2-0,32 > 0,32 
NO3-N < 0,8 0,8-1,3 1,4-2,2 2,3-3,5 > 3,5 

Ptot < 0,07 0,07-0,11 0,12-0,2 0,21-0,4 > 0,4 
PO4 < 0,03 0,03-0,07 0,08-0,15 0,16-0,32 > 0,32 
O2 > 9,5 9,5-8 7,9-6,0 5,9-3,0 < 3 

 

In Lielupe River basin concentrations of dissolved oxygen less then Maximum 

Allowable Concentration (MAC) are observed in four monitoring stations. It is in 

Sidabra below Joniskis, Sidarba on Latvian border, Obele below Radviliskis, Kulpe 

below Siauliai (table 8). In same monitoring stations water ecological status is falling 

to “moderate” class.  “High” or “good” water quality incessantly is observed just in 

four monitoring stations. It is in Musa above Kulpe, Kruoja in the mouth, Obele in the 

mouth and Kulpe in the mouth. 81 % of monitoring stations during 2000-2006 years 

are falling below “good” water status at least once. Looking at the figure 11 

correlations between natural areas and higher dissolved oxygen values could be 

observed. However the lowest dissolved oxygen values are occurring in monitoring 
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stations below large towns as Siauliai, Radviliskis, Joniskis. There is significant 

negative correlation of –0,54 between BOD7 and dissolved oxygen. That indicates 

tight connection between organic matter and oxygen in water. 

 
Table 8. Annual mean of dissolved oxygen parameter in monitoring stations of Lielupe River 
basin 

O2 mg/L 
No. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 10,2 10 8,7 9,7 -- -- 
85 Musa Below Kulpe 8,9 9,3 7,5 9,1 -- -- 
86 Musa Below Salociai 7,1 7,8 8 7,5 7,8 7,6 
87 Sidabra Below Joniskis 7,3 6,8 5,6 7,3 -- -- 
88 Sidabra On Latvian border 8,7 8 5,8 8 6,6 4,3 
89 Nemunelis Below Panemunis 7,8 7,7 8,1 8 -- -- 
90 Juodupe Below Juodupe 7,3 7,2 7,7 6,9 -- -- 
91 Laukupe Below Rokiskis 6,4 7,2 8,6 7,4 -- -- 
92 Tatula Above Birzai 8,1 8,2 8,6 8,1 7,5 7,4 
93 Tatula Below Birzai 6 6,6 7,2 7,8 -- -- 
94 Tatula Near Treconys 7,5 7,4 8,4 7,5 -- -- 
95 Levuo Above Kupiskis 8,4 8,4 8,3 7,9 7,8 8,3 
96 Levuo Below Kupiskis 7,9 8,5 8,2 8 -- -- 
97 Levuo Above Pasvalys 7,4 7,8 7,8 7,2 -- -- 
98 Levuo In the mouth 7,6 7,8 8,5 7,9 -- -- 
99 Daugyvene In the mouth 10 10,2 8,8 9,3 8,3 7,3 
100 Kruoja In the mouth 9,9 10 9,6 9,3 -- -- 
101 Obele Below Radviliskis 4,7 5,1 3,9 5 -- -- 
102 Obele In the mouth 9,7 9,7 9,5 9 -- -- 
103 Kulpe Below Siauliai 5,5 7,4 6 8,3 -- -- 
104 Kulpe In the mouth 8,6 9,9 8,2 9,4 -- -- 

   MAC 6 
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Figure 11. Annual mean of dissolved oxygen parameter in monitoring stations of Lielupe River 
basin 
 

In regard to Biochemical Oxygen Demand (BOD7) situation is little bit 

different. In all 21 stations MAC is overrun at least once in period of year 2000 to 

2006 (table 9). In four monitoring stations parameter values is below “good” water 

status for all period. Those monitoring stations are in Kulpe and Obele rivers. 

Especially problematical are Kulpe below Siauliai and Obele below Radviliskis where 

values in some years are exceeding MAC more than six times. In five out 21 or 24 % 

of stations “good” water quality is maintained during all period. They are in 

Nemunelis below Panemunis, Tatula above Birzai, Tatula near Treconys, Levuo 

above Kupiskis, Levuo above Pasvalys, Kruoja in the mouth. Looking at figure 12 the 

main point source polluters are well seen. It is Siauliai, Radviliskis, Rokiskis, 

Joniskis, Pasvalys. 

 
Table 9. Annual mean of biochemical oxygen demand for seven days parameter in monitoring 
stations of Lielupe River basin 

BOD7 mgO2/L 
Nb. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 5 2,6 1,7 2 -- -- 
85 Musa Below Kulpe 4,5 2,7 2,4 3,3 -- -- 
86 Musa Below Salociai 2,8 3,8 3,8 3,5 3,3 3,3 
87 Sidabra Below Joniskis 2,3 3,1 2,4 4,1 -- -- 
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88 Sidabra On Latvian border 2,3 2,6 2,3 3,9 3,1 6,2 
89 Nemunelis Below Panemunis 2,1 1,8 2,4 2,4 -- -- 
90 Juodupe Below Juodupe 2,8 2,4 3,4 2,4 -- -- 
91 Laukupe Below Rokiskis 5,4 2,4 3,2 2,9 -- -- 
92 Tatula Above Birzai 1,9 1,8 2,4 1,7 1,6 1,7 
93 Tatula Below Birzai 4,1 3,7 2,9 2 -- -- 
94 Tatula Near Treconys 2,1 2,2 2,6 1,8 -- -- 
95 Levuo Above Kupiskis 2,5 2,6 2,8 2,2 1,8 2,3 
96 Levuo Below Kupiskis 3 3,6 3,9 3,4 -- -- 
97 Levuo Above Pasvalys 2,6 2,2 2,6 2 -- -- 
98 Levuo In the mouth 3,3 4 3,8 4,4 -- -- 
99 Daugyvene In the mouth 3,4 1,9 2,3 2,5 2,0 2,9 
100 Kruoja In the mouth 3 2 2,4 2,7 -- -- 
101 Obele Below Radviliskis 11,4 10,9 13 15,1 -- -- 
102 Obele In the mouth 4 3,8 3,1 3,7 -- -- 
103 Kulpe Below Siauliai 6,4 7,3 8,2 4,1 -- -- 
104 Kulpe In the mouth 4,8 4,4 3,7 3,3 -- -- 

 River Monitoring station MAC 2,3 
 

 
Figure 12. Annual mean of biochemical oxygen demand parameter in monitoring stations of 

Lielupe River basin 

 

General picture for total nitrogen looks quite blackly. Although MAC is 

exceeded just in two monitoring stations (Obele below Radviliskis and Kulpe below 

Siauliai) “good” water status haven’t been maintained continuously in any of 
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monitoring stations. Moreover in seven monitoring stations water quality incessantly 

was “bad” and in eight more it reached “bad” quality at least once in analyzed period. 

Just in three monitoring stations water quality at least once was in “good” status. 

Looking at figure 13 is well seen that the biggest problems exist in western part of 

Lielupe River Basin. Especially problematic rives are Sidabra, Kulpe and Obele. 

Looking at total nitrogen concentrations is hardly imaginable how Water Framework 

Directive targets could be reached since to reach it in some monitoring places 

concentration of total nitrogen should drop more than 14 times. 

 
Table 10. Annual mean of total nitrogen parameter in monitoring stations of Lielupe River basin 

Ntot mg/L 
No. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 5,667 3,763 5,888 7,25 -- -- 
85 Musa Below Kulpe 8,733 8,775 11,133 9,708 -- -- 
86 Musa Below Salociai 6,258 3,428 3,733 4,553 4,291 6,024 
87 Sidabra Below Joniskis 10,317 18,225 16,567 17,008 -- -- 
88 Sidabra On Latvian border 8,533 12,333 11,567 11,55 19,692 17,590 
89 Nemunelis Below Panemunis 2,542 1,716 2,433 1,968 -- -- 
90 Juodupe Below Juodupe 3,242 2,102 3,263 3,025 -- -- 
91 Laukupe Below Rokiskis 4,783 2,867 3,974 3,095 -- -- 
92 Tatula Above Birzai 5,667 2,935 3,772 5,294 4,010 4,995 
93 Tatula Below Birzai 6,958 4,555 4,193 5,5 -- -- 
94 Tatula Near Treconys 5,967 3,167 4,01 5,233 -- -- 
95 Levuo Above Kupiskis 2,425 2,234 1,497 2,653 2,373 1,277 
96 Levuo Below Kupiskis 3,267 3,386 2,883 4,042 -- -- 
97 Levuo Above Pasvalys 5,058 2,529 2,611 3,258 -- -- 
98 Levuo In the mouth 7,35 4,218 4,343 5,283 -- -- 
99 Daugyvene In the mouth 4,958 3,614 3,671 5,867 5,051 3,674 
100 Kruoja In the mouth 5,625 4,827 4,077 6,975 -- -- 
101 Obele Below Radviliskis 26 36,75 39,667 41,333 -- -- 
102 Obele In the mouth 7,533 6,56 6,982 8,967 -- -- 
103 Kulpe Below Siauliai 14,092 15,1 20,917 13,917 -- -- 
104 Kulpe In the mouth 12,475 11,067 16,142 11,2 -- -- 

   MAC 20 
 



 37 

 
Figure 13. Annual mean of total nitrogen parameter in monitoring stations of Lielupe River 
basin 
 
 

Ammonium parameter is not showing better trends than with total nitrogen 

(table 11). Just is one monitoring station (Musa above Kulpe) water quality status 

don’t fall below “good” for analyzed period of year 2000 to 2006. MAC is exceeded 

in 12 monitoring stations at least once in analyzed period. In five monitoring stations 

it has been exceed for all years. In figure 14 the same just clearer pattern could be 

observed as with total nitrogen parameter.  Sidabra, Kulpe and Obele rivers have 

several times higher ammonium concentrations that in other areas. This is no surprise, 

because total nitrogen and ammonium concentrations are highly correlated. R-squared 

value for correlation between those two parameters is 0,92 (figure 15).   

According to report made by Environmental Protection Agencies of Lithuania 

and Sweden in 2006 (EPA (LT) & EPA (SE), 2006) the biggest amount of BOD7 and 

NH4 in Lithuania are emitted from point sources rather from diffuse ones. Low flow 

periods increasing point source influence to water quality. Organic load (estimate by 

BOD7), ammonium total phosphorus are one of these pollutants, which according to 

general experience cause the biggest damage to water ecosystems (EPA (LT) & EPA 

(SE), 2006).  
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Table 11. Annual mean of ammonium parameter in monitoring stations of Lielupe River basin 
NH4-N mgN/L 

No. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 0,033 0,07 0,089 0,081 -- -- 
85 Musa Below Kulpe 1,218 1,38 3,043 1,371 -- -- 
86 Musa Below Salociai 0,233 0,166 0,342 0,164 0,137 0,184 
87 Sidabra Below Joniskis 0,994 10,796 9,424 6,703 -- -- 
88 Sidabra On Latvian border 0,178 5,143 4,739 1,826 10,341 12,291 
89 Nemunelis Below Panemunis 0,051 0,059 0,112 0,088 -- -- 
90 Juodupe Below Juodupe 0,109 0,12 0,653 0,11 -- -- 
91 Laukupe Below Rokiskis 0,765 0,148 0,191 0,091 -- -- 
92 Tatula Above Birzai 0,043 0,083 0,132 0,143 0,065 0,270 
93 Tatula Below Birzai 0,881 0,948 0,272 0,142 -- -- 
94 Tatula Near Treconys 0,089 0,097 0,186 0,123 -- -- 
95 Levuo Above Kupiskis 0,041 0,094 0,144 0,072 0,063 0,068 
96 Levuo Below Kupiskis 0,092 0,208 0,317 0,647 -- -- 
97 Levuo Above Pasvalys 0,043 0,132 0,141 0,053 -- -- 
98 Levuo In the mouth 0,264 0,376 0,445 1,444 -- -- 
99 Daugyvene In the mouth 0,038 0,101 0,086 0,055 0,119 0,117 
100 Kruoja In the mouth 0,056 0,1 0,382 0,108 -- -- 
101 Obele Below Radviliskis 17,333 27,392 32 28,333 -- -- 
102 Obele In the mouth 0,061 0,168 1,142 0,263 -- -- 
103 Kulpe Below Siauliai 7,358 6,863 12,908 6,052 -- -- 
104 Kulpe In the mouth 2,984 2,035 6,733 2,69 -- -- 

   MAC 0,39 

 
Figure 14. Annual mean of ammonium parameter in monitoring stations of Lielupe River basin 
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However far less correlation is between total nitrogen and nitrate 

concentrations, just little more than 0,17. In table 12 it is seen that none of monitoring 

stations maintain “good” water quality status. Most of them are in “poor” or “bad” 

water quality status. Just in tree places water reached “good” water status and just 

temporary. For figure 16 it can be seen that the largest concentrations of nitrogen 

occur in agricultural areas of Lielupe River basin. Monitoring stations, which lay in 

surroundings of more natural land cover, receiving lesser nitrate concentrations. Point 

sources as the biggest towns in basin are making little influence to nitrate 

concentration since below them nitrate concentration even lesser than in surrounding 

monitoring stations. Nitrate concentrations are pure indicator of agricultural activities. 

Overall nitrogen is the most significant pollutant from diffuse sources in Lithuania 

(EPA (LT) & EPA (SE), 2006). 

 
Table 12. Annual mean of nitrate parameter in monitoring stations of Lielupe River basin 

NO3-N mgN/L 
No. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 4,206 2,614 4,498 4,761 -- -- 
85 Musa Below Kulpe 5,192 5,533 5,821 4,342 -- -- 
86 Musa Below Salociai 5,053 2,618 2,685 3,778 3,328 4,737 
87 Sidabra Below Joniskis 6,874 3,773 3,649 6,297 -- -- 
88 Sidabra On Latvian border 6,781 4,598 4,762 6,792 5,752 3,431 
89 Nemunelis Below Panemunis 1,678 1,195 1,539 1,329 -- -- 
90 Juodupe Below Juodupe 2,145 1,578 1,967 2,039 -- -- 
91 Laukupe Below Rokiskis 2,708 2,155 2,947 2,343 -- -- 
92 Tatula Above Birzai 4,408 2,237 2,913 4,434 3,180 3,722 
93 Tatula Below Birzai 5,183 2,796 3,101 4,684 -- -- 

Figure 15. Correlation between total nitrogen and ammonium parameter  
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94 Tatula Near Treconys 4,792 2,353 2,807 4,313 -- -- 
95 Levuo Above Kupiskis 1,269 1,562 1,008 1,924 1,753 0,641 
96 Levuo Below Kupiskis 2,053 2,343 1,92 2,905 -- -- 
97 Levuo Above Pasvalys 3,701 1,896 1,833 2,44 -- -- 
98 Levuo In the mouth 5,742 3,162 3,221 2,89 -- -- 
99 Daugyvene In the mouth 3,222 2,312 2,677 3,419 3,027 2,163 
100 Kruoja In the mouth 4,197 3,016 2,798 4,323 -- -- 
101 Obele Below Radviliskis 2,277 2,059 1,145 1,899 -- -- 
102 Obele In the mouth 5,728 4,162 3,647 4,165 -- -- 
103 Kulpe Below Siauliai 2,317 3,983 2,197 3,933 -- -- 
104 Kulpe In the mouth 6,683 6,808 6,583 4,542 -- -- 

     
 

 
Figure 16. Annual mean of nitrate parameter in monitoring stations of Lielupe River basin 

 
Since phosphate and total phosphorus concentrations are highly correlated 

only phosphate concentrations have been chosen be presented in analysis. R-squared 

value for this correlation is 0,99 (figure 18).  Actually is quite difficult to understand 

why these two parameters are measured together in first place, because from 

phosphate concentration total phosphorus concentration could be easily calculated 

with simple linear equation.  This works and other way around. Correlation for water 

status concentrations between phosphates and total phosphorus equals to one. Their 

linear relationship could be described by following formula Ptot = 1,1484*PO4-P + 

0,0316.  
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From table 13 it is well seen that phosphate concentrations is also problematic 

parameter, because just one monitoring station comply with “good” water quality 

status requirement (Musa above Kulpe). 12 of monitoring stations have never, during 

analyzed period, reached “good” water quality status. Especially problematic areas are 

Kulpe, Obele, Sidabra rivers, Musa below Kulpe, Laukupe below Rokiskis, Levuo in 

the mouth. For instance in Sidabra below Joniskis in year 2002 MAC was exceeded 

more than 28 times, in Levuo in the mouth in year 2001 more than 25 times, in Kulpe 

below Siauliai in year 2003 more than 26 times. In figure 17 is clearly seen that the 

highest phosphate concentrations in caused by point pollution, because the highest 

values of phosphates are found just below big towns.  

 
Table 13. Annual mean of phosphate parameter in monitoring stations of Lielupe River Basin 

PO4-P mgP/L 
No. River Monitoring station 2001 2002 2003 2004 2005 2006 
84 Musa Above Kulpe 0,028 0,049 0,062 0,029 -- -- 
85 Musa Below Kulpe 0,365 0,544 0,546 0,319 -- -- 
86 Musa Below Salociai 0,538 0,184 0,211 0,093 0,138 0,081 
87 Sidabra Below Joniskis 0,602 2,244 0,548 0,596 -- -- 
88 Sidabra On Latvian border 0,478 1,718 0,487 0,443 1,113 1,881 
89 Nemunelis Below Panemunis 0,242 0,198 0,244 0,223 -- -- 
90 Juodupe Below Juodupe 0,123 0,28 0,36 0,247 -- -- 
91 Laukupe Below Rokiskis 1,68 0,992 0,868 0,633 -- -- 
92 Tatula Above Birzai 0,061 0,063 0,087 0,048 0,095 0,088 
93 Tatula Below Birzai 0,214 0,36 0,146 0,065 -- -- 
94 Tatula Near Treconys 0,035 0,077 0,086 0,039 -- -- 
95 Levuo Above Kupiskis 0,043 0,083 0,054 0,047 0,070 0,044 
96 Levuo Below Kupiskis 0,134 0,256 0,158 0,155 -- -- 
97 Levuo Above Pasvalys 0,054 0,157 0,177 0,071 -- -- 
98 Levuo In the mouth 2,008 1,578 1,165 0,708 -- -- 
99 Daugyvene In the mouth 0,066 0,072 0,045 0,046 0,121 0,063 
100 Kruoja In the mouth 0,06 0,063 0,095 0,08 -- -- 
101 Obele Below Radviliskis 0,663 1,322 1,267 1,337 -- -- 
102 Obele In the mouth 0,089 0,116 0,118 0,113 -- -- 
103 Kulpe Below Siauliai 1,255 1,135 2,148 0,665 -- -- 
104 Kulpe In the mouth 0,633 0,74 0,898 0,455 -- -- 

   MAC 0,08 
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Figure 17. Annual mean of phosphate parameter in monitoring stations of Lielupe River basin 
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Figure 18. Correlation between phosphate and total phosphorus concentrations 
 

From river hydro-chemical parameter analysis is quite clear that Lielupe River 

basin experiencing great diffuse as well as point pollution problems. To reach Water 

Framework Directive aims at the moment with proposed water quality guidelines 

seems enormous task, if possible at all. Building or renovated water treatment stations 
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in settlements could reduce some diffuse pollution, however nitrate problems, which 

come mainly from agricultural activities, should be also addressed with great concern.  

Diffuse pollution reduction measures should be applied to whole Lielupe River basin 

since nearly in all monitoring stations situation values of parameters falling below 

“good” water quality status.  

 

3. Analysis of data layers used for modeling 
 

The most crucial for modeling was to obtain quite good resolution DEM raster 

layer, which was unviable for Lielupe River basin when this work was initially started 

in 2005. However is April of 2007 National Land Service under Ministry of 

Agriculture (Republic of Lithuania) was finishing making of Point Elevation Model 

database, which files with some additional programming efforts could be transformed 

to Digital Elevation Model (DEM) files. Since original database obtained was 40 Gb 

many of time consuming operations has been done to create one solid DEM raster 

layer (Appendix III, figure 7), which would be usable in modeling. DEM was used in 

many other operations to find other important parameters such as slope, distance to 

water bodies, areas of catchments.  

 Generally Lielupe River basin is lowland river basin with average elevation of 

around 72 meters. In the most areas elevation is between 35 and 110 meters. However 

there are some places where it could reach as low as 10 meters or as high as 162 

meters (figure 19).  
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Figure 19. Elevation histogram for Lielupe river basin 

 

Using Arc Hydro tools sequence of operations has been performed over DEM 

layer. Sinks have been filled and flow direction, flow accumulation, stream definition, 

stream segmentation, catchments grid delineation, catchments polygon processing, 

and drainage line processing operations made as well. Final results of these operations 

were drainage line (Appendix III, figure 5) and areas of catchments (Appendix III, 

figure 6). Results from flow direction, stream definition and catchments grid 

delineation operation was also important, because they were used in distance to 

drainage line calculation. Results from catchments grid delineation was used in 

proposed wetland areas calculation too.  

Distance to drainage line (Appendix III, figure 9) according to flow path is one 

main parameter for diffuse pollution modeling. Actually it is one of four modifying 

factors in this research (figure 6). Distance has been calculated to every 40-meter 

resolution cell center.  

Average distance to drainage line in Lielupe River basin is 704 meters. In 

modeling framework above 800 meters distance has been chosen to as no affect 

constant. Actually areas with distance less than 800 meters are dominant in basin. 

Areas, with distance further than 800 meters, account just for little more than 36 
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percents from all Lielupe River basin territory. Looking to distance interval histogram 

(figure 20) is clear that distances further than 2000 kilometers is high unlikely. 

Therefore distance coefficients are usually varying just from 0,4 to 1. The minimum 

value it could reach is 0,177. Area of distance interval (40 meter intervals) values 

could be easily calculated using following formula below. Its R-squared value is equal 

to 0,9923. 

 

Area = -5E-09*distance3 + 6E-05*distance2 - 0,2746*distance + 369,23 
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Figure 20. Distance to drainage line histogram for Lielupe River basin 

 
 

Slope is second of modifying factors in the model, which is influencing 

leaching factor by constant equal to 1+0,04*slope. Slope has been calculated in 

percentages from DEM layer using typical ArcGIS, Spatial Analyst functionally. 

About 90 % of whole Lielupe River Basin is lying in slopes less than 2 % that makes 

it typical low land river basin (figure 21). This is also the reason for slow flow in 

rivers of this basin that makes them very sensitive to any kind of pollution. Especially 

low slope areas are occurring in the middle of Lielupe River basin (Appendix, figure 

8). Whereas in the East and West of the basins slopes getting more variable and 

higher as well.  
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In regards to soil, dominant surface textural class was chosen as parameter for 

modeling. For figure 22 and figure 10 in Appendix III is well seen that slit and sandy 

loam soils (medium and medium fine) are the most frequent in Lielupe River basin. 

They account for around 89 % from all basin territory.  Most of sandy soils (coarse) 

occur in Panevezys and Rokiskis districts. They constitute for more than 9% of 

Lielupe River basin soils. Sandy soil is one of the most influential factors for nutrient 

leaching. It could increase leaching for nitrogen more than 2 times and for phosphorus 

more than 1,5 time. Peat soils compose around 2 % of all Lielupe River basin. 
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Figure 21. Slopes histogram for Lielupe River basin 
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Figure 22. Soil dominant surface textural class in Lielupe River basin 
 

The last modifying factor used in modeling was precipitation. Since higher 

precipitation increasing nutrient leaching proportionally it is also one of the most 

important coefficients. However generally precipitation in Lielupe River basin varies 

little from 610 to 679 mm per year with average precipitation of 627,4 mm per year. 

Therefore modifying coefficient varies little too from 0,97 to 1,08 (formula of 

modifying coefficient is Precipitation in cell/Average precipitation in basin). From the 

figure 11 in Appendix III it is well seen that center part of Lielupe River basin is 

receiving the lowest precipitation rates while going to East and West corners 

precipitation gradually increases.  Central part of basin is lying in Central Lithuanian 

Lowland that is typically receiving low precipitation since humid air masses, which 

come from The Baltic Sea leaves their discharge on Zemaiciai Highland. Eastern part 

of the basin lying in Aukstaiciai Highland, which is receiving some of discharge from 

humid air masses as well, when they claim to these highlands. In figure 23 could be 

observed that most of precipitation is dispersed in 614 to 638 mm per year in interval, 

which is actually very low variation, showing that through all basin precipitation is 

nearly constant. 
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Figure 23. Precipitation histogram for Lielupe River basin 
 

In the last part of this analysis it is shown results from flow direction analysis. 

This although was not directly used in modeling been quite important data for 

distance according to flow path calculation. This also quite important data to some 

diffuse pollution reduction measures. For example, slope and flow direction data 

could be used for calculation of the best tillage direction to stop erosion and nutrient 

leaching as well. Unfortunately these measures were not examined in this work. 

However it is planned for near future while continuing this research.  
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Figure 24. Chart of flow direction for Lielupe River basin 
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There is no surprise that dominant flow direction in Lielupe River basin is 

North, since Lielupe River mouth is to North, near Ryga Gulf (figure 24). North 

direction slopes account for quarter of all territory. Direction to West and East 

account for 23 and 17 percents respectively. South direction constitute for 13 percents 

of Lielupe River basin territory. It is clearly minority in basin. However if some parts 

of basin like southern part of ridge in the middle of the basin (which is left from last 

stop of glacial in Lithuanian territory) it is dominant. Diagonal directions in basin are 

accounting from 4 to 7 percent of territory. From figure 12 in Appendix III could be 

seen that in western part of basin East slopes dominating and in eastern West. The 

border between these two parts is well distinguishable. It is where Musa River turns 

its direction to North. 

 

4. Analysis of modeling results 
 

All previously presented layers (except flow direction and DEM) have been 

used in the modeling according to framework presented in methodology. Modifying 

factors values have been taken from constants or calculated according to formulas and 

assigned to every cell in raster layer. Then layers have been multiplied and also 

multiplied with leaching factor layer. Results are presented in figure 13 (Appendix III) 

for nitrogen and figure 14 in Appendix III for phosphorus. The most problematical 

Lielupe River sub-basin is Small Tributaries of Lielupe (Appendix III, figure 2). 

Average leaching values for it are 13,38 kg/ha per year for nitrogen and 0,1271 kg/ha 

per year for phosphorus. For Musa sub-basin these values are 11,92 kg/ha per year for 

nitrogen and 0,1161 ka/ha per year for phosphorus. The Nemunelis sub-basin is in the 

best state comparing to other two. Its average leaching values are 8,94 kg/ha per year 

for nitrogen and 0,095 kg/ha per year for phosphorus. These results more or less 

correspond to results from hydro-chemical river parameters analysis. Results as well 

correspond to results for runoff from Graisupis Agricultural Monitoring Station 

located in Central Lithuania region where average leaching values were 12 kg/ha per 

year for nitrogen and 0,13 kg/ha per year for phosphorus (Vinceviciene, 2001). 

In regards to differences between districts (figure 25, figure 26 and Appendix 

III, figure 1) is well seen that in both average nitrogen and phosphorus leaching 

graphs patterns between districts are very similar. The most problematic district is 
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Pasvalys, which leaching values are 13,99 kg/ha per year for nitrogen and 0,1299 

kg/ha per year for phosphorus (Appendix II, table 1 and 2). Not too far from it is 

Radviliskis with leaching values of 13,68 kg/ha per year for nitrogen and 0,1298 

kg/ha per year for phosphorus. The lowest values are observed for Akmene district 

and Siauliai municipality. Akmene district has just very small corner in Lielupe River 

basin and large wetland is lying in it. For Siauliai municipality it is another case. 

Leaching values for artificial surfaces are quite small. Therefore these districts could 

look very fine, however actually the least problematic are Rokiskis and Kupiskis, 

which average leaching values are 8,49 N kg/ha per year, 0,0949 P kg/ha per year and 

8,57 N kg/ha per year, 0,0971 P kg/ha per year respectively.  

Average leaching values was calculated for delineated catchments. Results are 

presented in figure 15 and 16 of Appendix III. These results are important in selection 

of areas for which diffuse pollution reduction measures should be applied.     
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Figure 25. Average leaching values of nitrogen for district in Lielupe River basin 
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Figure 26. Average leaching values of phosphorus for district in Lielupe River basin 
 

To obtain distance coefficient nitrogen leaching values for catchments with 

different distance constants (40, 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 

meters) were calculated (figure 29 and table 3 in Appendix II) and compared to 

Environmental Protection Agency (Republic of Lithuania) modeling results with Mike 

Basin (AM, 2004). For leaching in cells and catchments 800 meters distance constant 

was used. It means that just leaching values in areas further than 800 meters from 

drainage line are altered.  

Results show (figure 27) that in most territories nitrogen leaching is the 

interval of 10 to 15 kg/ha per year. In this interval are 2507 square kilometers or about 

28 % of all Lielupe River Basin territory. Areas, with values higher than this interval, 

account for near 32 % of basin territory. These areas could be regarded, as the most 

problematic and diffuse pollution reduction measures firstly should be applied to 

them. In the latest report made by Environmental Protection Agencies of Lithuania 

and Sweden (EPA (LT) & EPA (SE), 2006) diffuse sources are designated as 

significant then loads of nitrogen are more than 15 kg/ha per year. 

In regard to phosphorus leaching the largest interval is from 0,1 to 0,13 kg/ha 

per year (figure 28). It covers about 1908 square kilometers or 21,5 percent of Lielupe 

River Basin territory. Areas with higher leaching values account for 39 percent of 

basin territory. 



 52 

0

500

1000

1500

2000

2500

3000

<=-5 -5-0 0-5 5-10 10-15 15-20 20-30 >30

Leaching of N kg/ha/year

A
re

a 
sq

ua
re

 k
m

.

 
Figure 27. Leaching of nitrogen for catchments in different intervals 
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Figure 28. Leaching of phosphorus for catchments in different intervals 
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Figure 29. Proportion between different intervals for different distance constants for nitrogen 

leaching 

 
In the most areas of Lielupe River basin dominant nutrient load values are 

similar to nutrient load values for intensive agricultural areas. However nearly one 

third of basin territory could be assigned to middle agricultural intensity or natural 

areas.  

5. Analysis of wetlands use as diffuse pollution reduction 

measures for Lielupe River basin 

 

It is quite well known that wetlands and retention pond are removing many 

kinds of pollutants from water. Nutrients as nitrogen and phosphorus are not 

exclusion. Therefore is this research that solution for reduction of diffuse pollution 

problem is being examined.  

During Soviet times, because of extensive melioration schemes, planned 

economy and intensive farming, most of wetlands have been destroyed, river channels 

straitened (about 70 % of Lithuanian rivers longer that 10 km. have been straitened 
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(Vinceviciene, 2001), which resulted in great disaster for many valuable habitants. 

Moreover quality of surface water has reduced dramatically as well as underground 

water. Therefore building some wetlands and retentions pond could improve not only 

surface and underground water, but also increase biodiversity, create valuable 

habitants. This is particular important in Lielupe River basin, which is the most 

problematic in Lithuania in regard to water quality. Also it is important, because of 

Water Framework Directive deadline is closing to reach “good water” status by year 

2015 for all national waters. Since point pollution could be mitigated and controlled 

by building water treatment stations, diffuse pollution (especially nitrates) should be 

tacked in more integrated way, like changing farming ways, making wetlands, 

building mature storages, etc. Yet, because of limitations of model chosen to this 

research and data limitations only wetland and retention pond building measure has 

been evaluated.  

Firstly output from diffuse pollution for nitrogen was used to find out 

catchments, which received more than 20 kg/ha per year nutrient leakages (figure 30). 

Select catchments account for 850,16 square kilometers out of 8948,1 that makes 

whole Lielupe River basin in Lithuanian territory. This is 9,5 % of Lielupe River 

basin. These 9,5 % present represents catchments the most polluted by diffuse 

pollution, which need the most urgent attention. Reduction of nutrient leakage in 

those catchments not only would improve water quality locally, but regionally as well. 

Also this could greatly influence biodiversity, since those places have been the most 

degraded during previous time. These places should be chosen for this reason that 

reduction measures taken would be the most cost effective in these areas. Significant 

and cost effective increase of water quality in natural areas is more difficult then in 

anthropogenic. For this reason modeling was performed just on selected catchments.  

Nutrient excess have been calculated for every of catchments and every cell in 

those catchments has been rated according to its ability to reduce nutrient leakage. 

The top once were selected for wetlands proposed areas. Selection was performed till 

nutrient excess (to be correct it was just for nitrogen and nutrient excess is total 

amount of nitrogen load from catchment minus total load of nitrogen for the same 

catchment when leaching is 20 kg/ha/year) become less than or equal to zero.  
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Number of selected catchments is 1351 out of total number of 5871 

catchments, which makes up 23 %. This is more then twice-bigger then area 

percentage showing that many small trivial catchments have been selected to analysis.  

 

 
Figure 30. Catchments selected for application of reduction measures (building wetlands) 

 

Results from modeling are following. Total area of cells selected for wetlands 

is 2903 ha (Appendix III, figure 17). However since these cells are quite dispersed 

number of operations has been performed to propose more solid areas. Proposed 

number of wetland sites is 769. Wetland sites, larger than 1 ha, number is 234. This 

shows that still many wetlands are quite small size and disperse. It is not so practical 

since building wetland involves many planning measures, which makes easier to 

focus on larger areas.  

Total area designated for wetlands, after expand and shrink operations, is 1597 

ha. Yet if account wetlands, which areas are larger than 1 ha, total area designated to 

wetlands reduces just very little to 1437 ha. Total amount of excess nutrients to be 

removed from selected catchments is 430,4 tones of nitrogen. 243,6 tones or 56,6 

percent would removed if to build all proposed wetlands. In comparison wetlands, 

which are larger than 1 ha would remove 213,65 tones or 49,6 percent of nitrogen. 
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Just 7 percent less however building 3,3 times less of wetlands. Therefore for further 

analysis just wetlands which areas are larger than 1 ha have been taken.  

In figure 31 is seen that Panevezys district is the top runner with 493,1 ha or 

0,8786 % of its territory proposed for wetlands (figure 32). In this district 56 sites 

have been selected for wetlands building (figure 34). Nitrogen load should be reduced 

by 77,4 tones yearly from this district if to build all wetlands (figure 33). Second goes 

Birzai district with 242,6 ha or 0,165 % of it’s territory. 36 sites selected in Birzai 

district.  Nitrogen load should be reduces by 35 tones by building wetlands. Actually 

looking at figure 31 and 33 districts could be divided into tree groups. First with the 

largest wetlands area and nitrogen removing values. Only Panevezys district could be 

assigned to this group. Second group with wetland area values varying from 121,1 to 

242,6 ha (19,5 to 35,8 tones of nitrogen removed). It includes all middle value 

districts: Rokiskis, Pasvalys, Joniskis, Pakruojas, Birzai. The third group includes the 

lowest value districts. Siauliai, Radviliskis, Kupiskis and Anyksciai could be assigned 

to this group. In Siauliai and Radviliskis areas for proposed wetlands are the lowest, 

6,9 and 9,3 ha respectively. Only 3 wetland sites are proposed in Siauliai district and 

just 6 in Radviliskis.  

 In regard to average wetland size in district similar patterns could be 

observed, however with less distinguishable groups. Still the first is Panevezys district 

where average wetlands size is 8,68 ha (figure 35). The last is Radviliskis district 

where average proposed wetland size is 1,33 ha.  
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Figure 31. Sum of areas proposed for wetland building in districts 
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Figure 32. Percentage of districts territory designated to wetlands 
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Figure 33. Nitrogen load reduction from diffuse sources in district of Lielupe River basin 
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Figure 34. Number of wetlands to be build in districts 
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Figure 35. Average wetland size in districts 
 
 

Comparing Lielupe River sub-basins (table 14) is seen that Musa sub-basin 

(Appendix I, figure 2) is the biggest and the largest proportion of proposed wetland 

sites is lying in this sub-basin. Total of 160 wetland sites is proposed is this area. They 

account to 1026 ha or 0,19 % Musa sub-basin territory. Small Tributaries of Lielupe 

and Nemunelis sub-basins are similar in regard all parameters presented in table 14. 

Their together account for 74 proposed wetlands sites, which would reduce nitrogen 

load by 59,1 tones.   

 
Table 14. Analysis of wetlands in Lielupe River sub-basins 

 
Number of 
proposed 
wetlands 

Area of wetlands 
ha 

Nitrogen load 
reduced in 

tones 

Percentage of 
sub-basin area 

Small Tributaries of 
Lielupe 39 211,81 28,24 0,12 

Musa sub-basin 160 1025,58 154,55 0,19 

Nemunelis su-bbasin 35 199,67 30,86 0,10 
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Although in this section presented values and maps are quite detail, however 

important data is missing. Like prices and ownership of land (private of 

governmental), historical places of wetlands, distribution of population, etc. Therefore 

this section is reflecting mainly general patterns than representing actual places where 

wetlands should be.  

6. Shortcomings of model 
 

Firstly it is based on many simplistic assumptions. For instance that water 

flows from one cell (in flow direction calculation with raster data) just to one of its 

neighboring cells (to one of eight), which is rarely the case. Or what distance, which 

influence nutrient load is more than 800 meters. This distance is largely arbitrary 

number chosen by author of this study. Also modifying factors used in model usually 

are constants or just simple linear equation, which is also great simplification. 

Moreover many really important datasets (like application of fertilizers, agricultural 

practices applied for areas, population density, etc) are missing. 

There are other important problems as well. For example, no research has been 

made in Lielupe River basin to obtain nutrient leaching and its modifying factors 

values. Therefore values from studies in other areas have been used assuming that 

they are the same as for Lielupe River basin. Other question is it any use of proposed 

wetland areas since in selection of them historical data (of places where were 

wetlands before melioration) was not considered. It is obvious that to restore wetland 

with valuable habitants is easier in those places there it was than on empty field. 

Moreover what would be side effects of building wetlands is not clear. Global 

warming is top environmental issues at the time. Building wetland would increase 

methane emissions, which is greenhouse gas. Therefore building or restoring wetlands 

could be not the best option. Also other cost related issues have not been analyzed 

(like land prices and prices of building wetlands). No any other diffuse pollution 

reduction measures have been analyzed as well. However the biggest shortcoming is 

that this model was not verified in any manner for Lielupe River basin. 

In future development of this reached is planned to several directions. Like 

creation of sophisticated spatial modeling framework, which would include key data 

and describe key processes in Lielupe River basin. Reviewing of leaching values used 

and modifying coefficients. Analyzing relationship between spatial objects and 
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phenomenon and the real water quality in rivers and implementation of this 

relationship to spatial model. Evaluation of different diffuse pollution measures for 

different scenarios according to cost effective terms. Include uncertainty factor to 

model by using Monte Carlo simulation. Calculation of most cost optimized diffuse 

pollution reduction measures for reaching Water Framework Directive targets within 

certain risk limit. Also to evaluate Basin Management Plans. To perform parallel 

modeling with models such as BASINS (Environmental Protection Agency of USA) 

to calibrate developed model.    
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VI. Conclusions 
 

 

1. According to literature more than half nutrient load entering water 

bodies in the Baltic Sea region originates from diffuse pollution sources. Therefore 

diffuse pollution issues are at the same importance level as point pollution, if not 

higher.  

2. It is difficult to use very advanced diffuse pollution models in 

Lithuania since important data (such as application rates of mineral fertilizes, 

livestock and poultry numbers within boundaries of the river basin area) is 

unavailable.  

3. With available data one of the best approach for diffuse pollution 

modeling is to use Multi-Criteria Analysis with Geographical Information Systems 

(GIS) technologies.  

4. Between year 1995 and year 2000 land cover changed in the 2,2 % of 

Lielupe River basin territory. 87 % of this change was to more anthropogenic land 

cover class that caused additional pressure on nutrient loads to the basin. 

5. In none of monitoring stations in Lielupe River basin water quality was 

in “good” ecological status of water quality for all main hydro-chemical parameters 

through period of year 2000 to year 2006. 

6. Main problems of diffuse pollution according to modeling results exist 

in Pasvalys and Radviliskis districts where average nutrient loads are 13,99 and 13,68 

kg/ha per year for nitrogen and 0,1298 and 0,1297 kg/ha per year for phosphorus 

respectively. 

7. For 32 % of Lielupe River basin territory nitrogen load to water bodies 

is higher than 15 kg/ha per year and from 9,5 % it is higher than 20 kg/ha per year. 

8. To remove nutrient excess and make load of nitrogen in all Lielupe 

River basin territory not more than 20 kg/ha per year around 2903 ha of wetlands 

should be constructed, which would remove 430,4 tones of nitrogen.  

9. Model, developed in this study, have certain shortcomings (important 

data missing, many simplifications), which should be eliminated by further studies.  
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Summary  

 

 

 

 

“Diffuse pollution modeling in Lielupe 

River basin” 
 

 

 

Svajunas Plunge 

 

 

 

Diffuse pollution problems are one of the most important inland water issues 

and it is getting more and more attention in Lithuanian as well, because of European 

policy measures, such as Water Framework Directive. In this work diffuse pollution 

problems and their reduction measures have been examined in Lielupe River basin. 

Change in land cover and hydro-chemical river parameters values for Lielupe River 

basin showed that basin is in difficult situation in regard to diffuse pollution and 

reaching “good” water quality status by year 2015 (requirement of Water Framework 

Directive). No improvement trends have been observer for period of year 2000-2006. 

With implemented simplified spatial diffuse pollution model problems in Lielupe 

River basin have been analyzed. Areas of concern were found accounted for 9,5 % 

whereas reduction of diffuse pollution in those territories would need 3,4 % of this 

territory to be converted to wetlands. This research is just preliminary step to 

application of more advanced spatial models.  
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Santrauka 

 

 

 

 

“Pasklidosios taršos modeliavimas Lielup÷s 

up÷s baseine” 
 

 

 

Svajūnas Plung÷ 

 

 

 

Pasklidosios taršos problemos yra vienos svarbiausių g÷lųjų vandenų 

problemų. Lietuvoje d÷mesys šioms problemos taip pat did÷ja, daugiausiai d÷l 

Bendrosios vandens direktyvos reikalavimų. Šiame darbe nagrin÷jamos pasklidosios 

taršos problemos bei jos sumažinimo priemon÷s Lielup÷s baseine. Žem÷s dangos ir 

hidrocheminių parametrų pokyčių analiz÷ parod÷, kad baseinas turi rimtų pasklidosios 

taršos problemų,. Tai gali labai apsunkinti “geros” vandens būkl÷s pasiekimą iki 2015 

metų (Bendrosios vandens direktyvos reikalavimas). Jokių didesnių teigiamų pokyčių 

nebuvo pasteb÷ta nagrin÷jant 2000 – 2006 metų periodą. Pasklidosios taršos 

problemos Lielup÷s baseine buvo analizuojamos naudojantis šiame darbe sukurtu 

supaprastintu erdviniu pasklidosios taršos modeliu. 9,5 % Lielup÷s baseino teritorijų 

buvo išskirtos kaip keliančios susirūpinimą. 3,4 % šių, išskirtų, teritorijų tur÷tų būti 

paverstos į šapžemes norint sumažinti apkrovimą maistmedžiag÷mis iki priimtino 

lygio. Šis darbas yra pirmas, įžanginis žingsnis sud÷tingesnių erdvinių modelių, skirtų 

pasklidosios taršos problemoms nagrin÷ti, pritaikyme.  
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Appendix I CORINE Land cover classification 

Class 1: Built up area 

• 111 Continuous urban fabric  

• 112 Discontinuous urban fabric  

• 121 Industrial or commercial units  

• 122 Road and rail networks and associated land  

• 123 Port areas  

• 124 Airports  

• 131 Mineral extraction sites  

• 132 Dump sites  

• 133 Construction sites  

• 141 Green urban areas  

• 142 Sport and leisure facilities  

Class 2: Agricultural area 

• 211 Non-irrigated arable land  

• 212 Permanently irrigated land  

• 213 Rice fields  

• 221 Vineyards  

• 222 Fruit trees and berry plantations  

• 223 Olive growes  

• 231 Pastures  

• 241 Annual crops associated with permanent crops  

• 242 Complex cultivation patterns  

• 243 Land principally occupied by agriculture, with significant areas of natural 

vegetation  

• 244 Agro-forestry areas  

Class 3: Forest and natural area 

• 311 Broad-leaved forest  

• 312 Coniferous forest  
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• 313 Mixed forest  

• 321 Natural grassland  

• 322 Moors and heathland  

• 323 Sclerophyllous vegetation  

• 324 Transitional woodland-shrub  

• 331 Beaches, dunes, and sand plains  

• 332 Bare rock  

• 333 Sparsely vegetated areas  

• 334 Burnt areas  

• 335 Glaciers and perpetual snow  

Class 4: Wetland, salt 

• 411 Inland marshes  

• 412 Peatbogs  

• 421 Salt marshes  

• 422 Salines  

• 423 Intertidal flats  

Class 5: Water 

• 511 Water courses 
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Appendix II Data produced by the study (tables) 
 
Table 1. Analysis of nitrogen leaching in Lielupe River basin districts 

District Name Area ha MIN MAX RANGE MEAN STD SUM 

Birzai d. 144006,9 -16 14,1692 30,1692 10,77663 2,42731 1551910 

Akmene d. 1178,72 0 5,67823 5,67823 1,60815 0,34741 1895,56 

Joniskis d. 112864,8 -16 8,65704 24,657 12,84219 2,55107 1449430 

Pakruojas d. 130458,9 -16 10,0812 26,0812 12,66725 2,25433 1652550 

Pasvalys d. 127956,6 -16 11,9623 27,9623 13,99231 2,38465 1790410 

Siauliai d. 66530,24 0 8,18879 8,18879 12,58756 2,2264 837455 

Rokiskis d. 93106,56 -16 43,6703 59,6703 8,486688 2,72262 790166 

Kupiskis d. 87858,4 -16 15,316 31,316 8,572313 2,42801 753148 

Siauliai m. 5448,48 -16 6,52277 22,5228 1,701413 1,55351 9270,11 

Panevezys d. 55294,56 -16 13,8365 29,8365 11,30219 3,41089 624949 

Radviliskis d. 38950,88 0 7,79852 7,79852 13,68231 2,25509 532939 

Panevezys m. 279,04 0 10,3555 10,3555 10,50144 2,60097 2930,32 

Anyksciai d. 15437,6 -16 11,2737 27,2737 11,75538 2,42451 181474 

 
 

Table 2. Analysis of phosphorus leaching in Lielupe River basin districts 
District Name Area ha MIN MAX RANGE MEAN STD SUM 

Birzai d. 144006,9 0 0,098668 0,098668 0,105836 0,0185 15241,2 

Akmene d. 1178,72 0 0,049118 0,049118 0,01762 0,00395 20,7689 

Joniskis d. 112864,8 0 0,074885 0,074885 0,125189 0,019028 14129,5 

Pakruojas d. 130458,9 0 0,087204 0,087204 0,120406 0,018798 15708 

Pasvalys d. 127956,6 0 0,077167 0,077167 0,129859 0,019108 16616,3 

Siauliai d. 66530,24 0 0,082891 0,082891 0,122206 0,019174 8130,38 

Rokiskis d. 93106,56 0 0,281709 0,281709 0,094884 0,018374 8834,36 

Kupiskis d. 87858,4 0 0,098801 0,098801 0,097114 0,017408 8532,32 

Siauliai m. 5448,48 0 0,056423 0,056423 0,06156 0,014101 335,408 

Panevezys d. 55294,56 0 0,089257 0,089257 0,100474 0,021623 5555,64 

Radviliskis d. 38950,88 0 0,067459 0,067459 0,129794 0,019277 5055,58 

Panevezys m. 279,04 0 0,066802 0,066802 0,095396 0,01932 26,6194 

Anyksciai d. 15437,6 0 0,072725 0,072725 0,120433 0,01877 1859,19 
 



 73 

Table 3. Areas in square kilometers belonging to different nitrogen leaching intervals according 
different distances used as distance constant 

Nitrogen leaching intervals Distance 
m. <= -5 -5 - 0 0 - 5 5 - 10 10 -15 15 - 20 20 -30 > 30 
40 23,63 109,75 8671,32 46,83 7,09 1,75 0,69 1,85 
100 46,55 85,91 8408,77 293,46 17,99 5,71 1,55 2,98 
200 64,88 63,43 6067,52 2365,34 253,35 27,01 16,36 5,05 
300 76,63 58,69 4577,04 3366,01 642,31 102,18 32,27 7,78 
400 87,62 52,28 3222,25 3529,49 1530,32 326,72 102,40 11,84 
500 89,63 60,44 2684,50 3173,60 2113,47 534,88 189,08 17,33 
600 99,36 60,05 2075,87 2676,22 2495,15 1081,33 345,30 29,63 
700 112,15 46,94 1812,15 2285,69 2676,36 1369,63 523,44 36,56 
800 129,05 34,73 1486,37 1891,59 2507,51 1963,53 789,31 60,84 
900 128,42 36,80 1339,58 1776,86 2259,97 2169,52 1063,81 87,96 
1000 130,00 44,96 1124,02 1634,66 2010,62 2273,30 1534,59 110,76 
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Appendix III Data produced by the study (Maps) 

 
Figure 1. Districts in Lielupe River basin 

 
Figure 2. Sub-basins in Lielupe River basin. 
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