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1 Introduction 

1.1 General 

The European funded project “Harmonised techniques and representative river basin data for 

assessment and use of uncertainty information in integrated water management 

(HarmoniRiB) “ worked for several years on uncertainty in data, models and procedures 

underlying decision made in Integrated Water Resources Management (IWRM). The present 

work is one of eight case studies demonstrating the research and development results. 

 

1.2 The Weisse Elster basin - A summary description 

1.2.1 Geographical area 

 
The Weisse Elster River Basin is located in the eastern part of the Saale watershed and 

covers an area of about 5,300 km² (Fig.1). The Saale river is one of the largest tributaries of 

the Elbe river. The Weisse Elster basin extends over four German states and flow through 

the length of around 248 km. The long-term mean discharge of the river is 25.61 m³/s for the 

period of 1980 to 2000. The catchment area is characterised by very different topographical 

features; from fertile loess plains, to the sand stone areas in the Thuringian Basin and the 

Vogtland Mountains. The 1:1,000,000 scale soil map of Germany (“BÜK-1000”) shows 26 

different soil types in the Weisse Elster catchment, most of which consists of high to very 

high silt contents with sandy lenses. Mean annual precipitation varies from less than 500 

mm/yr in the northwestern side to 1000 mm/yr in the south. Around 68% of the basin is 

agriculture, while forests and urban settlement constitute around 17% and 10%, respectively. 

The intensive agriculture in the loess and sandy loess regions and widespread soil erosion is 

considered to be responsible for high rate of nutrient leaching (N, P). Mean total N 

concentrations is more than 6 mg/l (twice the suggested limiting value of the WFD). High 

sulphate and heavy metal concentrations have been measured in several studies in the river 

(Müller et al., 1998). The Northern part of the basin is influenced by a lowering of the 

groundwater table through lignite-mining, which causes considerable problems for the 

hydrological simulations. 

 

1.2.2 Brief description of problems 
 
The Weiße Elster river system is characterised by high nitrogen and phosphorus 

concentrations. The 90-percentiles nitrogen concentrations range between 6.88 (headwater) 
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and 10.6 mg/l (outlet) and the corresponding phosphorus concentrations range between 0.14 

(headwater) and 0.35 mg/l (outlet). These concentrations are considerably higher than the 3 

mg/l (N) and 0.15 mg/l (P) in the German water quality class II standard (according to the 

LAWA). The main sources for nitrogen are diffuse sources from agricultural land use. 

Phosphorus originates from point as well as from diffuse sources. It is not yet clear how the 

reduction in high nutrient load can be achieved and which measures have the highest 

effectiveness, especially in the agricultural land use.  

1.3 Objectives 

One main objective of the case study is to investigate different management scenarios for 

the reduction of nutrient loads with special focus on nitrogen in the Weiße Elster catchment. 

These scenario analyses have to be assessed using appropriate modelling approaches. Due 

to considerable uncertainties associated with the hydrological nutrient transport and river 

water quality models, there is a need to quantify these uncertainties and generate a basis for 

the decision making process. Uncertainties in the modelling approach can be divided 

between input data uncertainties and model parameter uncertainties. Due to the time 

consuming aspect of a Bayesian approach in model uncertainty analysis, we concentrated 

on the following specific objectives in our case study: 

 Investigate the impact of systematic and random point rainfall measurement errors on 

the simulation of discharge and nitrogen yield with the complex spatially distributed 

nutrient transport model SWAT 

 Analyse how these rainfall measurement uncertainties change with increasing size of 

a catchment 

 Assess the impact of different agricultural management practices on the reduction of 

nitrogen yield for different baseline scenarios in the Weiße Elster catchment 

 Determine uncertainties of all WASP5 model parameters 

 Examine the importance of selected input data uncertainties in the river water quality 

model (WASP5) in the middle and lower part of the Weiße Elster river system  

 Assess the importance of different uncertainty sources in the WASP5 model and 

evaluate their importance on different river restoration measures with respect to 

nitrogen transport 

1.4 Relevance for Water Framework Directive Implementation 

The relevance of this case study is that of the implementation of the EU-Water Framework 

Directive (WFD). The directive states the goal that all waters in the EU should reach a good 
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status by 2015. In order to achieve this goal the member states need to set up river basin 

districts, each one having a management plan that includes a programme of measures which 

will achieve good status in the most cost-effective manner. This involves an evaluation of 

different policy measures, both with respect to the effects of nitrate reducing measures as 

well as its economic consequences, upon which the policy maker can base its decision. Of 

special relevance to the implementation of the WFD, the Weiße Elseter case study 

contributes to the assessment of uncertainties in model predictions and the decision making 

process. The Weiße Elster case study especially focuses on the impact of uncertain 

precipitation data on discharge and diffuse nitrogen load calculations and the influence of 

uncertain river morphology data on predicted river water quality constituents.  

 

1.5 Reading guide 

The Case Study report is divided in five chapters. Chapter 1 provides an introduction to the 

HarmoniRiB project. It also includes a summary description of the geographical area and the 

problems of the case study area and presents the objectives of the study and the relevance 

with the WFD. Chapter 2 presents a detailed description of the Weiße Elster basin including 

data availability and the associated uncertainty issues. It also provides an overview of the 

models used in the case study. Chapter 3 

describes the methodology of the modelling 

approach including the calibration and 

validation, the procedures used for 

uncertainty analysis and the scenario 

analysis. In the Chapter 4 the results of the 

scenario analysis and the associated 

uncertainty analysis is presented. The 

results are presented according to the two 

models SWAT and WASP5. Chapter 5 

gives a conclusion of the case study.  

 

2 The Weiße Elster Basin 

2.1 General overview 

2.1.1 General 

 
Figure 1: Overview of the Weisse Elster 
catchment
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The Weisse Elster river basin is a subcatchment of the Saale which is the second largest 

tributary of the Elbe River. The catchment area is about 5300 km² and is mainly situated in 

the German federal states of Sachsen (Saxony), Thüringen (Thuringia) and Sachsen-Anhalt 

(Saxony-Anhalt), with its source in the Erzgebirge (Ore Mountains) in  

 

Figure 2: Near-natural stretch of the Weisse Elster River 

 

Figure 3: Artificial stretch of the Weisse Elster River near Zitzschen 
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the Czech Republic. The river is 250 km long and has a mean discharge of 26 m³/s (gauging 

station Oberthau). Main tributaries are the Pleiße (7.9 m³/s), the Göltzsch (2.8 m³/s), the 

Weida (2.6 m³/s), and the Parthe (1.2 m³/s). The river channel structure is very diverse with 

near-natural stretches (see Figure 2) as well as concrete-lined segments (see Figure 3).  

 

Land use (see Figure 4) in the 

basin is dominated by 

agricultural activities (43% 

cropland, 16% pasture), 

especially in the lower part, and 

forest (21%), mainly in the upper 

part. The upper part of the basin 

is mountainous characterised by 

steep slopes and narrow valleys 

with hardly any floodplains and 

scarce groundwater resources. 

The geology is characterised by 

igneous and metamorphic rocks 

and consolidated tertiary rocks 

(sandstone). The lower part of 

the basin is situated in the 

lowlands and mainly consists of 

pleistocene coverage.  

The valleys are broader with 

extensive floodplains and there 

are substantial groundwater 

resources. However the 

groundwater has been impaired 

by mining activities. Precipitation  

varies between 500 mm in the 

northern part of the basin (lowlands) to 1000 mm in the southern part (mountains) with 

annual runoff varying approximately between 50 and 600 mm.  

The main field crops are grains and some root crops in the northern areas and forage crops 

in the southern areas. Livestock in the area consists mainly of cattle with some pigs and 

sheep. Settlements, industrial areas and infrastructure account for 16% of the land with 

 Figure 4: Land use in the Weisse Elster Catchment
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Leipzig and Halle being major cities located in the catchment. The area south west of Leipzig 

is characterized by active and reclaimed open pit mines. 

The river basin Weisse Elster extends in four German States – Saxony, Saxony-Anhalt, 

Thuringia and Bavaria. In these States it covers partly or totally 22 districts and 338 

municipalities (see Table 1). 

The German part of the catchment has 1,484,965 inhabitants (year 2002). which 

corresponds to a population density of 289 inhabitants/km². This is higher than the average 

density both in Germany (231 inhabitants/km²) and in the corresponding federal states - 

Saxony (236 inhabitants/km²), Saxony-Anhalt (125 inhabitants/km²) and Thuringia (148 

inhabitants/km²).  

The implementation of the Water Framework Directive for the river Weisse Elster is 

coordinated by the Working Group Saale. 

 

Table 1: Contribution of the German federal states to the area of the Weisse Elster 
Catchment 

 Saxony Saxony-Anhalt Thuringian Bavaria 

Area 2650 1204 1205 241 

No. districts 11 5 5 1 

No. municipalities 120 67 148 3 

 

2.1.2 Description of problems 

 

Water quantity and quality are closely related to the various economic activities in the river 

basin. Agriculture, urbanisation as well as open pit mining have contributed to the chemical 

and biological pollution of the Weisse Elster. Most of the Weisse Elster is classified as 

moderately polluted with some segments as critically polluted (classification according to 

German water quality standards). Main problems are nutrients (N & P) with high ammonium 

concentrations in some segments. Also, salt concentrations (esp. sulphate) are quite high 

due to open pit mining and other industrial activities. However, the sulphate loads are not 

considered to be ecologically relevant. It is not yet clear whether the discontinuation of 

mining activities and flooding of open pit mines will alter salt concentrations of the Weiße 

Elster. Although water quality has substantially improved in the last few years, a 

comprehensive remediation programme is necessary to meet the WFD targets. 

Table 2 gives an overview of nutrient concentrations in the Weisse Elster River and its major 

tributaries. For some of the water quality stations, time series of nitrate, ammonia and  
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Figure 5: Time series of nutrient concentrations in the Weisse Elster River 
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Table 2: 90-percentile of concentrations (2001) 

Monitoring station (river) Total N (mg/l) NH4-N (mg/l) NO3-N (mg/l) Total P (mg/l) PO4-P (mg/l)
Halle-Ammendorf (Weisse Elster) 10.60 1.65 8.39 0.35 0.13
Schkeuditz (Weisse Elster) 13.00 4.51 5.65 0.42 0.18
Herlosohnstraße (Parthe) 11.00 3.50 5.42 0.74 0.14
Boehlen (Pleisse) 11.00 0.75 6.10 0.43 0.07
Zitschen (Weisse Elster) 8.70 0.37 5.87 0.39 0.16
Zeitz (Weisse Elster) 10.60 0.51 8.73 0.30 0.17
Gera-Langenberg (Weisse Elster) 8.50 0.80 7.30 0.21 0.18
River confluence (Weida) 10.60 0.24 8.86 0.30 0.28
Wünschendorf (Weisse Elster) 6.95 0.54 7.01 0.20 0.18
River confluence (Goeltzsch) 7.60 1.71 5.11 0.30 0.25
Elsterberg (Weisse Elster) 7.80 0.29 6.28 0.19 0.12
Straßberg (Weisse Elster) 6.09 0.20 5.85 0.14 0.09
Bad Elster (Weisse Elster) 6.88 1.28 5.80 0.54 0.50
 

 

 phosphate concentrations are shown in Figure 5. Diffuse sources are estimated to have 

contributed to the overall nutrient load by 45% (nitrogen) and 61% (phosphourous). High 

NH4 and at the monitoring station Halle-Ammendorf and PO4 concentrations at monitoring 

station Bad Elster are caused by high sewage inputs from urban areas. Figure 6 shows 

estimates of the sources of diffuse pollution in the Weisse Elster catchment for phosphorous 

and nitrogen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Sources of diffuse pollution in the Weisse Elster catchment 
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Main water uses conflicting with water quality targets according to WFD are:  

1. agriculture vs. water quality: agriculture contributes to a great extent to diffuse 

pollution load. This load conflicts with ecosystem restoration and impairs drinking 

water quality. 

2. industrial and municipal discharge vs. water quality: other important reasons for the 

poor water quality of the Weisse Elster are point pollution from industrial and 

municipal effluents, considerable water abstraction for industrial use and flooding of 

mining lakes 

These two conflicts will be addressed in the Weiße Elster case study. 

2.2 Data availability overview  

Meteorological data 

Meteorological data are available from the German national meteorological service. There 

are about 60 precipitation and 11 climate stations in and around the Weisse Elster basin 

(Figure 7). Daily data are available for the most precipitation gauging stations, while six-

hourly or hourly data are available for the climate stations. Time series have been collected 

from 1990 to 2003. 

Figure 7: Precipitation gauging stations (left) and climate stations (right) situated in the Weisse Elster 
River basin 
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Discharge 

Daily water levels measurements 

are available for about 20 gauging 

stations in the Weisse Elster 

catchment. These stations are run 

by the environmental agencies of 

the federal states; several regional 

authorities run additional gauging 

stations. Time series of water level 

and discharge data have been 

collected from 1990 to 2002. 

Water quality 

There are about 20 water quality 

monitoring station networks in the 

Weisse Elster catchment. 

Measurements are taken 1 to 2 

times per month. An extensive 

number of physio-chemical 

properties are measured. 

However, the only biological data 

available are chlorophyll-a and 

pheophytin-a measurements, 

number of colonies of coliforms, 

and a biological classification as 

well as abundance of indicator organisms. Data is available from 1990 for only one station, 

and from 1996 for the other stations; the time series end in 2002. 

Extraction and discharge 

For the extraction and discharge to the river, mostly only permitted values are available, not 

the actual volumes or amounts extracted or discharged. 

Elevation 

A digital elevation model at 50 m resolution is available. 

Land use 

For the Weisse Elster basin there is a land use map derived from Landsat imagery at a 

spatial resolution of 30 m for 1989 and 1999 as well as a more detailed biotope map derived 

from aerial photography.  

 

Figure 8: Water quality monitoring stations in the 
Weisse Elster catchment 
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Soils  

Several soil maps are available in digital format, though at lower resolutions (1:1000000 and 

1: 200000). 

Socio - economic data  

The Weisse Elster basin is spread over 3 states. Basic socio-economic data is available from 

the Statistical Offices of every state and from the Federal Statistical Office Germany.  

 

Table 3: Selected management measures  

 

 

Type of source,  Measure Specification 

Point 

sources 
Sewage plants Improved treatment plants 

Increase the share of 

connected households 

 Improved sewage treatment for 

sewage plants size classes 1-3  

 Improved urban storm water 

treatment  

 Private waste 

water treatment 

Decentralized sewage 

treatment plants 

 In selected parts of the catchment 

Diffuse 
sources 

Reduction of N-fertilizer  Organic farming on 5%, 10%, 

20%,30% of total arable land 

 Reduction of so called integrated 

farming leads to a reduction of N-

Fertilizers by 5%  

 Minimum tillage   for total catchment area 

 Change of land use / 

permanent fallow 

 Change according to the economic 

scenarios based on the RAUMIS 

model  

 

Agricultural land 

use 

Buffer zones  20 m for total catchment area  

Weirs Removal   all weirs between Gera and 

Kleindalzig 

River 
morphology 

River system River restoration  implementation of the river 

restoration program of the state 

Sachsen Anhalt for the Weiße Elster 

river  

 Scenario: river restoration with an 

extended river flow length  
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2.3 Possible Measures 

The Weisse Elster case study will be addressing the problem of point and non-point source 

pollution with nutrients in the Weisse Elster catchment as these are very important factors 

influencing the ecological status of the surface waters.  

 

The objectives of the Weisse Elster case study are to identify measures that are suitable to 

stabilize and improve chemical and biological quality of the Weisse Elster river and assess 

the cost-effectiveness of the proposed measures considering uncertainties at different levels 

of the decision process. 

 

Out of a wide range of possible measures, several consistent programmes of measures will 

be selected and evaluated. In order to evaluate the effectiveness of a programme of 

measures, the expected changes in catchment characteristics or management practices will 

be simulated using hydrological models. These will be run with the new input data and the 

results will be compared to the baseline scenario (no changes catchment characteristics or 

management practice) and the threshold concentration for the good ecological status.  

 

2.4 Model use overview 

The Weiße Elster catchment has been selected for this study because it is characterised by 

an excellent data base ranging from more than 50 rain gauge stations and 11 discharge 

gauge stations (see also the Rode and Wenk (2006)). However, the catchment is strongly 

impacted by open pit mining activities and several reservoirs in headwaters of the catchment 

which cause problems for the calibration and validation of the non point source pollution 

model SWAT. Furthermore excellent data have been available on cross sections of the lower 

part of the main channel. Former studies on non point source pollution have been carried out 

especially in the Weida and Parthe subcatchments.  

The SWAT model has been used intensively in the 150 km² Parthe catchment. Currently 

parts of the Weiße Elster are used as pilot catchments for the implementation of WFD by 

environmental agencies including applications of several hydrological and nutrient transport 

models. However, for the present studies both selected models have been implemented for 

the first time in this catchment.  
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3 Modelling summary 

3.1 Purpose & conditions 

The purpose of the Weiße Elster River Basin case study is to assess uncertainty associated to 

i) the simulation of relevant nutrient constituents and their varying concentrations and loads 

due to selected management measures in the Weiße Elster river using a non point source 

pollution model and ii) the parameterisation and boundary conditions of a river water quality 

model. The catchment was divided in 108 subcatchments which were aggregated to 16 

subcatchments. These subcatchments have been identified after the criteria for the definition 

of water bodies to the guidelines according to the WFD. Uncertainties in point rainfall 

measurements according to the selection of wind induced correction factors have been 

intensively investigated in the entire catchment of the Weiße Elster River. Furthermore the 

effect of these uncertainties has been investigated in relation to the size of a given 

catchment to guide the model user in reducing this input data uncertainties. These analyses 

have been carried out with respect to discharge and nitrogen load. Furthermore boundary 

conditions as well as parameter uncertainties of the river water quality model WASP5 have 

been analysed and their impact on the assessment different management measures has 

been carried out. 

 

3.2 Model setup 

For the evaluation the effectiveness of measures to enhance water quality considering 

uncertainty, two models in the physical domain will be applied. In order to evaluate the 

effectiveness of measures, the integrated Soil and Water Assessment Tool (SWAT) which 

simulates the water balance and nitrogen transport and the Water Quality Analysis 

Simulation Program (WASP5) which simulates the hydrodynamic and in-stream 

transformation processes was selected. 

Rainfall Runoff Model (SWAT) 

For the water and nutrient transport modelling of the entire Weisse Elster basin, the Soil and 

Water Assessment Tool (SWAT) was used. SWAT is a deterministic continuous process-

based model coupling hydrological, biogeochemical and ecological processes at the river 

basin-scale (Arnold et al., 1994; Krysanova & Haberlandt, 2002). Several specific models 

components such as CREAMS, GLEAMS, EPIC, contributed to the development of SWAT. 

The model can be downloaded at http://www.brc.tamus.edu/swat/. The source code is also 

available, which enables user specific modifications due to local conditions. An example for 
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such a modified version is presented by Eckhardt et al. (2002), and Van Griensven (2002). 

For our studies, the version SWAT2000 (Neitsch et al., 2002) and the ArcView extension 

(version AVSWAT2000, Di Luzio et al., 2002) has been used. AVSWAT2000 is a user 

friendly tool designed to: (1) generate specific parameters from user specified GIS 

coverages; (2) create SWAT input data files; (3) establish agricultural and water 

management scenarios; (4) control and calibrate SWAT simulations; (5) extract and organize 

SWAT model output data for charting and display (Di Luzio et al., 2002). SWAT is an 

appropriate tool to investigate the complex chain of interrelated factors defining water flow 

and water use, nutrient outwash to surface water and leaching to groundwater in large 

heterogeneous river basins (Krysanova & Haberlandt, 2002). According to our stepwise 

approach, we have focused first on the simulation of the hydrological cycle and second on 

the transport of nitrogen. The simulated hydrological system consists of four control volumes: 

the soil surface, the root zone, the shallow aquifer and the deep aquifer. The soil column can 

be sub-divided up to ten layers according to the soil data-base. The water balance for the soil 

column includes precipitation, surface runoff, evapotranspiration, percolation and subsurface 

runoff. The water balance for the shallow aquifer includes groundwater recharge, capillary 

rise to the soil profile, lateral flow and percolation to the deep aquifer (Neitsch et al., 2002; 

Krysanova & Haberlandt, 2002).  

SWAT requires meteorological time series, terrain information, soil physical parameters as 

well as land use and vegetation parameters as inputs. The model produces spatially 

distributed information on the different runoff components as well as overall discharge at any 

point of the river as outputs. SWAT simulates nitrogen leaching from the unsaturated soil and 

nitrogen transport to the river system. Phosphorus losses are simulated due to soil erosion 

and overland flow (but not considered in the present study). The model allows simulating the 

impact of different agricultural management schemes eg.. crop rotations. The model runs on 

a daily time step and was implemented for the Weiße Elster basin with a size of 5300 km² 

(see 3.4).  

River Water Quality Model (WASP 5) 

The water quality model WASP5 (Water Quality Analysis Simulation Program) is a one- to 

three- dimensional numerical model and includes a deterministic approach to describe the 

hydrodynamics and the turnover of nutrients and chemicals in water column and sediments. 

It was developed at the U.S. Environmental Protection Agency (Ambrose et al 1993). The 

WASP5 modelling system consists of three stand-alone computer programs, that can be run 

in conjunction or separately: DYNHYD is a hydrodynamic model, which is based on the Saint 

Venant equations; EUTRO can be used to model oxygen depletion, eutrophication and 

nutrient enrichment in the river; and TOXI simulates the sediment transport and the fate of 



15 

toxic inorganic and organic chemicals. In this study a modified version of DYNHYD (Warwick 

1999) was used which allows the consideration of weirs. Also an extended version of  

 

 

EUTRO was applied (Shanahan and Alam 2001), which consists of nine model variables: 

biomass of phytoplankton (PHYT), biomass of periphyton (PERI), dissolved oxygen (DO), 

biochemical oxygen demand (CBOD), ammonia nitrogen (NH4), nitrate nitrogen (NO3), 

organic nitrogen (ON), phosphate (PO4) and organic phosphorus (OP). The complex system 

of these variables is described by several processes, such as growth and decay of the 

autographs, settling, reaeration, sediment oxygen demand, nitrification, denitrification and 

mineralization. In total up to 60 temperature coefficients and kinetic parameters are used. 

The main advantage of WASP5 compared to other water quality models is its flexibility as it 

Figure 9: Catchments of discharge gauging stations in the Weisse Elster River Basin used for 
SWAT-calibration 
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offers a possibility to build one-, two- or three-dimensional networks. Therefore complex 

aquatic systems subdivided into lateral, vertical and longitudinal segments can be modelled. 

Another advantage is the free available source code of WASP5, which makes it possible to 

implement new processes and components in the modelling system. 

The Weiße Elster River water quality model set up consists of 872 river cross sections. 

Uncertainty analysis based on the Monte Carlo approach was carried out for the calibrated 

model. Discharge and nutrient load input data was obtained from the water authorities and 

additional measurement campaigns. Point source data from sewage systems were directly 

used as inputs into the WASP5 model for the Weiße Elster river.  

3.3 Calibration / Validation 

3.3.1 Calibration and Validation of the SWAT-Model 

According to the hydrological characteristics of the Weisse Elster River basin the whole 

catchment is divided into 108 subcatchments in the SWAT-Model. With regard to the spatial 

distribution of discharge and water quality gauging stations and the definition of water bodies 

for the implementation of the WFD these 108 subcatchments are combined to 12 

hydrological calibration areas. A discharge gauge station is situated at each of these 

calibration areas (Figure 9). Hydrological model calibration and validation is carried out using 

time series from 1991 to 2000. After the determination of the sensitivity of the most important 

model parameters, the calibration was carried out manually. The calibration runs of the 

hydrological model were assessed by the visual comparison of the simulated 

Figure 10: Measured and simulated daily discharge of the Weisse Elster River at gauging 
station Zeitz during calibration period (hydrological years 1998-2000) 
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Figure 11: Measured and simulated daily discharge of the Weisse Elster River at gauging 
station Zeitz during validation period (hydrological years 1993-1994) 
 

and the observed hydrograph and objective criteria (e.g. Pearson's Product-Moment 

Correlation Coefficient, the coefficient of determination, the Nash & Sutcliffe coefficient of 

efficiency, yearly absolute volumetric error measures). They quantify the degree of 

agreement between the observed and simulated values.  

Correlation -based measures are oversensitive to extreme values and insensitive to additive 

and proportional differences between model predictions and observations. Because of these 

limitations the visual comparison of model predictions and observations is of great 

importance. An example of the results of the calibration and validation of the hydrological 

model is given at Figure 10 (calibration) and Figure 11 (validation) for gauging station Zeitz. 

 

The calibration of the hydrological model serves as basis for the calibration of the nitrogen 

model. Unfortunately, water quality measurements are not available at every discharge 

gauging station. Therefore there are less calibration data for nitrogen leaching and transport 

compared to for hydrological calibration (Figure 12). 

As the temporal resolution of the water quality measurements is relatively low, the nitrogen 

leaching and transport model is calibrated for yearly nitrogen load. An example of the results 

of the calibration and validation of the nitrogen model is given in Figure 13 for gauging station 

Gera-Langenberg. 
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Figure 12: SWAT model calibration areas for nitrogen load  

 

3.3.2 Calibration and Validation of the WASP 5-Model 

Study reach 

The middle part of the Weisse Elster River between Gera and Leipzig shows a high variability 

of morphological features, like sinuosity, width/depth-ratio and sediment properties. Hence, 

it was considered suitable for the analysis of the impact of river morphology on nutrient 

transformation and retention. The total length of the modelled river reach is 70.6 kilometers 

(Fig. 14), which is characterised by a low channel slope (< 2%) and a well defined 
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Figure 13: Observed and simulated yearly nitrogen load at gauging station Gera-
Langenberg 
 

meandering channels. The downstream section of Zeitz shows a high sinuosity and a low 

w/d-ratio, which corresponds to the stream types C and E (Rosgen, 1996). The river reach 

with unmodified natural morphology such as the section B with 8 kilometers length (Fig.14) is 

limited. The morphological features of the river are strongly influenced by human activities, 

especially in the surface mining and urban areas. A part of the river is completely 

channelized (Fig.14, reach A). This leads to very low sinuosity, the w/d-ratio is fixed at a 

value of 21, the river bed is concreted and sediments do not exist. Furthermore, the hydro- 

morphological conditions and the transformation processes are controlled by eight weirs.  

 

The annual mean discharge in the river is 15.3 m3/s at the upstream gauging station close to 

Gera and 16.2 m3/s at the outlet of the study reach. There are inflows from three small 

tributaries, four sewage plants. Water abstractions is about 0.7 m3/s. Nitrogen concentrations 

shows a decline during the last 12 years, which is due to the reduction of the point sources. 

However current concentrations are still high: total nitrogen concentrations vary between 4 

mg/l during summer and 12 mg/l in winter. Therefore the whole river section will probably not 

be able to comply with the requirements of the EU Water Framework Directive of mean 

annual concentration of less than 6 mg/l (BMU, 2005). 

 

 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0

1000

2000

3000

4000

5000

6000

7000

8000
 NGES observed
 NGES simulated

N
to

ta
l [

t/a
]



20 

 
Figure 14: Map of the Weiße Elster river catchment and the studied river section. 

 
Hydrological and water quality data 

The studied river section is well documented with respect to hydrological and morphological 

data: Flow data at 15 minutes interval is available from the discharge gauging stations in 

Gera, Zeitz and Kleindalzig (Fig. 14.). The river bed morphology is defined by 876 cross 

sections. 

Biweekly water quality monitoring data are available from water authorities. Complementary 

measurements of phytoplankton concentration, dissolved oxygen and N- and P-compounds 

were carried out, which include: (i) four longitudinal sampling campaigns (flow time related) 

for summer low flow conditions in July and August 2003 and 2004, (ii) one 24-hour-

measurement at the inlet and outlet of the reaches A and B for summer low flow conditions.  

For longitudinal sampling the flow velocities and residence times between the sampling 

stations were estimated by hydrodynamic modelling. Dissolved oxygen, pH and electrical 

conductivity were measured in-situ by WTW-probes. Ammonia (NH4
+), nitrate (NO3

-), total 

nitrogen (TNb) and soluble reactive phosphorus (SRP) were analysed by SFA (Segmented 

Flow Analysis). Total phosphorus (TP) was estimated by photometry and the chlorophyll-a of 

the phytoplankton by HPLC. Besides, the maximum biochemical oxygen demand (BODmax) 

and the carboneous biochemical oxygen demand (CBODmax) were determined by 

measurements of the dissolved oxygen in sample bottles. For the estimation of CBODmax, an 
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the nitrification-inhibitor Allyl-Thiourea (ATH) were used. Calibration of the river water quality 

model was based on the data from special flow time related measurement campaigns during 

the low flow periods.  

 
Model identification/calibration 

Frequentist and Bayesian techniques are the most common methods for model or parameter 

identification (Omlin & Reichert 1999). For highly parameterized water quality models 

Bayesian techniques are preferable. However a major disadvantage is their long 

computational time. Hence, in this study we used the much less time consuming frequentist 

analysis, which consists of two steps: (i) the identifiability of the parameters was assessed by 

sensitivity analysis and calculation of compensation measures (Reichert & Vanrolleghem, 

2001); (ii) the resulting eight most important parameters were used to calibrate the WASP5 

model with the automatic parameter estimation tool PEST (Doherty, 2004), which is based 

on the Gauss-Marquardt-Levenberg algorithm. All other parameters were defined using 

literature values. During the calibration process, PEST allows to quantify 95% parameter 

confidence limits based on the solution of the covariance-matrix. 

As a criteria to measure the model performance the Index of Agreement d (Willmott, 1982) 

and the Nash-Suttcliffe-criteria E (Nash & Suttcliffe, 1970) were used. The d includes values 

between 0 and 1, with values close to 1 indicating a good agreement of the model results to 

the measured data. The coefficient of efficiency (E) was selected because it is dimensionless 

and is easily interpreted. When the measured variable is simulated exactly by the model, E 

equals 1. If E < 0, the predictive precision of the model is lower than when the mean of the 

values measured is used. 

 
 
Table 3. Values of identified parameters, their 95%-confidence and literature values  

Parameter Identified 
value 

95% -
confidence 

Literature 
values Unit description 

k2R 0.21 ±0.054 0.01-0.8 (1) d-1 Endgogenous respiration rate of 
periphyton 

k2C 0.65 ±0.082 0.3-2.25 (1) d-1 Maximum growth rate of 
periphyton 

is1 212 ±34.6 200-500 (2) ly/d Light saturation intensity 

k1C 2.01 ±0.181 1.7-2.3 (2) d-1 Maximum growth rate of 
phytoplankton 

f2WC 0.001 ±0.088 - - Fraction of dead periphyton, that 
is recycled to the water column 

kD2max 0.189 ±0.09 0.05-0.80 (3) mg/(m2d) Benthic denitrification rate 
FNH4 91.9 ±22.8 18-750 (4) mg/(m2d) NH4 sediment exchange 
FPO4 -5.0 ±1.5 - mg/(m2d) PO4 sediment exchange 

Sources of literature values: Brown (2002) (1), WASP-manual(2), Birgand (2000) (3), Garban et al. (1995) 

(4) 
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The values of the identified parameters are in the range of literature values (Tab. 2). Their 

uncertainties are expressed by 95%-confidence intervals. The 95%-confidence intervals of 

the parameters respiration rate of the periphyton k2R, benthic denitrification rate kD2max and 

f2WC exceed a relative value of ±25 %. The growth rate of phytoplankton k1C and the growth 

rate of periphyton k2C show comparatively low uncertainties. 

The objective criteria d and E of the model variables show large differences (Table 4). Nitrate 

nitrogen is simulated in the calibration run with a d-value of 0.99 and an E-value of 0.89. In 

contrast, the fit of ammonia nitrogen is unsatisfactory. This is caused by low concentrations 

during the observed time periods, which amounts less than 0.03 mg/l. While simulated 

phytoplankton values show a good agreement with measured values, periphyton biomass 

shows larger errors. Due to the large variability of periphyton biomass the small number of 

periphyton measurements does not represent the mean value of a model segment. The large 

spatial variability of periphyton biomass is caused by the variation in the availability of light at 

the river bottom.  

 

Table 4. Index of Agreement (d) and Nash-Suttcliffe-Criteria (E) for the calibration runs  

Criteria Number 
of values 

n 

PHYT PERI DO CBOD NH4 NO3 ON PO4 OP 

d 14 (*8) 0.98 0.72* 0.99 0.99 0.87 0.99 0.97 0.98 0.95 

E 14 (*8) 0.86 -1.43* 0.43 0.86 0.30 0.89 0.17 0.61 0.60 

 
 
The autotrophic biomass, the oxygen and nutrient concentrations were calibrated with the 

data of two flow time related measurement campaigns carried out during summer low flow 

conditions. The quality of the model calibration differs between the model variables (Table 4): 

especially for the periphyton (PERI) the NS objective criterion of -1,43 indicates poor model 

results where most other variables have very high NS values of more than 0.90. Fig. 14 

shows the calibrated nitrate concentration for the selected river reach of the Weiße Elster for 

the 2nd September 2003 and 3rd August 2004. Measured and modeled nitrate-N 

concentration showed good agreements.  
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Figure 15: Measured and simulated concentrations of nitrate-N in the selected river reach of 
the Weiße Elster on 09/02/2003 and 08/03/2004 for the calibration runs. 
 
Model validation 

 

The calibrated model was validated for a half year period. The results are compared with the 

data of the monitoring programme conducted by the official water authorities. Different 

markers represent different monitoring stations. For nitrate nitrogen the modelling results are 

reasonable (Fig. 16), although measured values are slightly underestimated. Two outliers at 

the gauging station Zeitz are likely to result from analytical measurement errors. For 

ammonia there are larger deviations, which are mainly caused by temporal variability of the 

ammonia inputs by sewage plants. Measured phytoplankton concentrations are well 

represented by the measured values. Inorganic phosphorus is also slightly underestimated 

by the model. 

 
 

Figure 16: Comparison of modelled and measured values of NH4-N and NO3-N during the 
validation period 1st May to 30th October 2001; d: Index of Agreement, E: Nash-Suttcliffe-
criteria. 
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Furthermore the results show that two measured peaks of NO3-concentration are not 

reproduced by the model (Fig. 17). Reasons for this might be measurement errors or 

unknown nitrogen inputs from point sources not included in the model. For the other model 

variables, validation of the simulation results is slightly worse. Especially, the measured 

variation of ammonia is not well reproduced by the model. The modelled periphyton biomass 

is underestimated in spring and autumn due to the assumption that the grazing rate is 

constant. 

 
 

 

 

 

 

 

 

 
 
 
 
Figure 17: Model validation: Comparison of modelled and measured concentrations of 
nitrate nitrogen at sampling station “Zeitz” from May to November 2001. 

3.4 Effects of uncertainty  

The effects of uncertainty have been analysed for both the models SWAT and WASP5. 

Based on the previous knowledge, the most important model specific input data and model 

parameters have been selected for further analyses, since it was not possible to investigate 

all sources of uncertainty of the two models under investigation. The following section 

explains the general methodology of the performed uncertainty investigation and describes 

briefly previous knowledge on this issue related to the selected models.  

 

The SWAT model has already been tested in several German case studies ranging from the 

lower mountain range to lowland catchments (Krysanova and Haberlandt, 2002; Krysanova 

et al. 1998; Volk and Steinhard, 2005). Due to model complexity and the large amount of 

parameters, model calibration is time consuming and associated with considerable 

uncertainties (Eckardt & Arnold, 2001, Eckardt et al. 2003, compare also Van Griensven & 

Bauwens, 2003). Improvements and adjustments of the SWAT model to German land use 

and climate conditions have already been carried out by e.g. Eckhardt et al. (2002), 

Krysanova et al. (1998) and Volk and Steinhardt (in press).  

modelled
measured

05/01/01 06/01/01 07/01/01 08/01/01 09/01/01 10/01/01 11/01/01
0

2

4

6

8

10

N
O

3-
N

 [m
g/

l]

Nitrate-N



25 

Furthermore the SWAT model has already been applied to the Weisse Elster catchment by 

Volk and Steinhardt (in press) to evaluate the capability of the model to simulate the water 

balance on different catchment scales. There is also some previous knowledge available 

about parameter sensitivities of water balance components like total discharge, overland 

runoff or evapotranspiration. A combined parameter optimization-uncertainty analysis tool 

has also been developed to handle a large number of parameters in the SWAT model. 

Parameter uncertainties and prediction uncertainties were calculated and statistics such as 

% measured data in the 95PPU and R² gave a good measure of the strength of calibration 

results. The two case studies in Swiss catchment showed that calibration and validation 

results with narrow confidence limits could be achieved (Abbaspour, 2005).  

 

Previous studies on parameter uncertainty and the effect of boundary conditions on WASP5 

output variables showed that errors from the hydrodynamic modeling can propagate and 

accentuate in the water quality modeling. This study was conducted on a reach of a heavy 

modified river reach of the Saale River (Germany) (Lindenschmidt et al. 2005 a). The cross-

model uncertainty analysis based on Monte Carlo analyses showed that for certain water 

quality constituents, the contribution of uncertainty from the hydrodynamic parameters, which 

also describe the morphological characteristics of the river, can be quite significant. The 

uncertainty in the flow data, which is used as the input boundary conditions also has an 

effect on both the hydrodynamic and water quality variables. The variation of the former 

tended to increase with increased variation in the boundary conditions. The variation on the 

water quality constituents depends also on the concentration of the corresponding 

substances in the tributaries. Dilution effects by the tributary tended to decrease the variation 

in the water quality variables. When the concentrations in the tributaries were higher than in 

the main river, the output variations increased (Lindenschmidt et al. 2005 a).  

 

The variation in the weir discharge and roughness coefficients increased the variation in 

mean velocity upstream of the weir and water stage downstream of the weir. The variation in 

the boundary flows were buffered by the weirs. Differences in the variations in the water 

quality constituents between upstream and downstream gauging stations at a weir were not 

significant (see also Lindenschmidt et al. 2005 b). Due to the specific river morphological 

conditions of the lower Saale river, this findings can not be transferred to rivers with more 

natural river morphological conditions.  
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3.4.1 SWAT Uncertainty analysis 

After a literature review a preliminary assessment of input data of the SWAT model has been 

carried out with regard to their expected importance for nitrogen yield modelling. Due to the 

daily simulation time step of the SWAT model, calculations of phosphorus yield are 

associated with substantial uncertainties. Furthermore, model validation for total P yield 

simulations is limited since the event based high frequency sampling data base is inadequate 

for the entire Weisse Elster catchment. Therefore the detailed uncertainty analysis of the 

input data focuses on discharge and nitrogen yield calculations. 

From the technical point of view Monte Carlo based uncertainty analyses of input variables 

using the SWAT model is restricted to those variables which can easily be varied without 

changing the spatial model structure. The modification of the spatial model structure would 

involve a preprocessing for every model implementation, which can be extremely time 

consuming. Each pre-processing run for the Weisse Elster catchment will need several 

hours. Uncertainty analysis of input variables has therefore been restricted to time series 

data (e.g. meteorological data). Due to these technical restrictions, the input data uncertainty 

analyses for the SWAT model has been limited to precipitation input data (see Table 5).  

 

Since rainfall is the most important input for any precipitation runoff modelling, precipitation 

data have been chosen for uncertainty analysis. Furthermore relative rainfall data errors are 

large compared to other meteorological data. This is also true when standardised 

measurement procedures are used. Systematic measurement errors are the most important 

source of uncertainty and there has been intensive research on this topic. The most 

important problem for assessing systematic errors is the lack of information on systematic 

measurement errors of rain gauges, which can be expressed in precipitation shelter classes. 

These shelter classes are often unknown for a specific precipitation site; although the choice 

of a shelter class strongly determines the correction of the measured rainfall data (see Table 

6).  

 

In this uncertainty analysis study using SWAT we analysed selected effects of point rainfall 

measurement errors on discharge and nitrogen loads. Specific objectives were to 

investigated i) the effect of the selected shelter class expressed by the mean correction 

factor ii) the effect of random errors according to the selected correction factor and iii) the 

effect of these point measurement errors with increase in catchment size and hence, the 

number of rain gauges stations. The SWAT model always uses one rainfall gauging station 

as rainfall input for each subcatchment. In the present study no spatial interpolation of point 

measurements was carried out. Spatial autocorrelation as well as temporal autocorrelation of 

point rainfall data have not been considered. 
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Table 5 The sources of uncertainty for input data of the SWAT and WASP5 models  

 Model 
Component 

Type Parameter or variable Uncertainty generated 
from 

1 SWAT Boundary 
condition 

Precipitation Richter (1995) 
(WP 2 engine) 

2 WASP5 Boundary 
condition 

Periphyton biomass Expert judgement 
(UNCSIM) 

3 WASP5 Boundary 
condition 

Point sources inputs Expert judgement 

4 WASP5 River cross 
section 

Roughness coeffient  Literature, expert 
judgement 

 
 
The uncertainty of precipitation data has been evaluated by adding a random error to the 

measured time series respectively. Measured precipitation data have a systematic bias. This 

bias is site specific and depends on local wind exposure conditions. This point measurement 

error can be defined according to four different precipitation shelter classes according to their 

specific rainfall measurement correction factors after Richter (1995) (see Table 6). This 

systematic bias can be expressed as a mean correction value on a monthly or yearly basis. 

We added a randomly generated correction value to each uncorrected precipitation 

measurement value. The correction value is not constant and varies randomly in time. We 

analysed the uncertainties associated with this random variation defining a probability 

distribution function of the correction factor. This correction value can be defined as the 

relative error due to wind velocity and local disturbances of air flow. Willems (2001) set the 

standard deviation of the total point measurement error equal to the relative measurement 

error. Additional he considered errors resulting from the resolution of the rain gauge 

measurement. Willems (2001) assumed a normal error probability distribution. The resolution 

error was assumed to be small and is defined by a value of 0.1 mm (Willems, 2001). 

 

The true precipitation value can not be smaller than the uncorrected precipitation 

measurement value if we assume that reading errors in the rainfall gauge measurement and 

the resolution error can be ignored. Therefore we defined the standard deviation of the pdf of 

the point measurement error as 50% of mean measurement error, which is defined by the 

correction factor. The mean of the pdf of the point measurement error is defined by the 

correction factor. If we assume a normal distribution of the pdf more than 97% of the values 

are larger than the uncorrected precipitation value. With respect to resolution errors less than 

3% of the values are allowed to be smaller than the uncorrected measurement value. 

 



28 

We calculated the pdfs assuming a normal distribution and alternatively a Gumbel 

distribution. Since very little information of the correct distribution type is available in the 

literature we analysed this two distribution function types to investigate their impact on the 

randomly generated precipitation data. The Gumbel distribution allows the consideration of 

larger extreme values of the precipitation error compared to the normal distribution. The 

location of the Gumbel distribution is defined by the mean correction value and the scale is 

defined by 50% of the mean measurement error (see also definitions of the Data Uncertainty 

Engine (DUE) software). Using this definition of the Gumbel pdf, 99% of the randomly 

generated precipitation values are larger than the uncorrected measurement values. We 

randomly generated 200 rainfall time series for every precipitation gauging station in the 

Weiße Elster catchment using the Data Uncertainty Engine (DUE). The length of each time 

series is 30 years. The DUE can handle random errors in the measured data in a statistical 

framework considering a selected error probability distribution type. We used the mean 

correction values of annual precipitation of all four shelter classes a,b,c and d to investigate 

the systematic as well as a random precipitation error (see Table 6).  

 

Table 6: Mean correction (%) of the average monthly and annual precipitation total (1961/90) 
for precipitation gauging station locations in the Weisse Elster River Basin (according to 
Richter, 1995) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

a 31.6 33.5 26.9 18.3 12.5 10.4 10.8 10.5 12.6 15.5 21.8 26.5 18.2 

b 23.3 24.5 20.3 15.1 11.2  9.8 10.0  9.5 11.5 12.7 16.8 19.8 14.6 

c 17.3 17.9 15.5 12.7 10.1  8.8  9.1  8.5 10.2 11.0 13.3 15.0 12.0 

d 11.5 11.8 10.7 10.0  8.6  7.7  8.0  7.5  8.7  8.8  9.5 10.3 9.3 

a) free, not wind-sheltered sites 
b) slightly wind-sheltered sites 
c) moderate wind-sheltered sites 
d) strong wind-sheltered sites 
 

Simulation runs were carried out for the entire Weiße Elster catchment including several 

subcatchments with different catchment size according to the gauging stations shown in 

Figure 9. We investigated scaling effects of the point rainfall measurement uncertainties 

based on the analysis of simulated discharge and nitrogen load with the increase in 

catchment size and associated number of rainfall gauge stations. In the Weiße Elster 

catchment the mean density of rainfall gauging stations is one per 85 km².  
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3.4.2 WASP5 Uncertainty analysis 

 
The uncertainty analysis of model parameter of the WASP5 model and the investigation of 

input data uncertainties was carried out using a Monte-Carlo-Analysis. The comprehensive 

analysis on the parameter uncertainties was carried out using Monte-Carlo-Methods 

implemented in UNCSIM Model (Reichert 2004). This simulation study was carried out 

independently from the DUE software, because the preparation of the data sets had been 

carried out in a relatively early stage of the project. In the first step, all 39 model parameter of 

the uncalibrated model were varied inside the range of literature based values. A uniform 

distribution function and Latin Hypercube Sampling (McKay 1979) was applied and 5000 

model runs were carried out (Monte Carlo Analysis 1 (MOCA 1)). In the second step the 

parameters of the calibrated model were varied assuming a normal distribution with a 

standard deviation based on parameter confidence intervals estimated during the calibration 

process (Monte Carlo Analysis 2 (MOCA 2)). These Monte Carlo analyses allow calculating 

confidence limits for output variables which has to be distinguished form the method used by 

PEST calculating parameter confidence limits (see 3.3.2). PEST calculates parameter 

confidence limits based on the calculation of the covariance matrix and is based on the 

linearity assumption which was used to derive the equations for the parameter improvement 

implemented by the PEST optimisation iteration.  

In a third step the influence of DYNHYD parameters on the model output of EUTRO has 

been investigated. Roughness coefficients have been varied in a range of 10 percent of the 

calibrated value and 1100 model runs were carried out using random sampling. The effect of 

periphyton biomass was analysed due to 1000 Monte Carlo runs assuming a normal 

distribution of the input values. The same number of model runs have been carried out to 

analyse the effect of uncertain sewage plant input data.  

The standard deviation of the normal distribution is based on detailed data of a 

representative sewage plant of the city Zeitz. Standard deviation values range from 77% 

(ammonium) to 37.1 % (soluble phosphorus).  

 

3.5 Predictions  

3.5.1 SWAT scenario analysis 

The implemented and validated SWAT model provides a basis for the analysis of the status 

quo and management scenario for the reduction of nitrogen inputs in the Weiße Elster 

catchment. The following management measures have been analysed: 
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• Different shares of ecological farming on total arable land, scenarios amount to the 

shares of 5%, 10%, 20% and 30% of ecological farming  

• Land use distributions in 2010 according to the present agricultural policy (RAUMIS 

2010)  

• Land use distribution in 2010 according to a liberalisation of the agricultural market 

(RAUMIS-TLB) 

The RAUMIS 2010 and RAUMIS-TLB scenarios reflect baseline conditions under different 

agricultural policy conditions. The RAUMIS model is an agricultural market model which is 

able to consider the impact of the world market as well as the European agricultural market 

on the agricultural sector in Germany. RAUMIS allows calculating crop rotations, the share of 

arable land and pasture and associated crop yields as well as livestock in the county level 

(Gömann et al. 2003). Main differences of these scenarios compared to status quo are a 

moderate reduction of 9% (RAUMIS 2010) to an extreme reduction of 43% of agricultural 

land use (RAUMIS-TLB) in the Weiße Elster catchment. The land use data on the county 

level have been disaggregated on the 50 meter raster level of the original land use map 

according to potential crop yields of the arable land (Marks et al 2002). Potential crop yield 

was calculated according to the site characteristics soil, relief, water balance, climate and 

erosion risk. Agricultural areas with low potential crop yield are assumed to change to fallow. 

Only areas with a minimum size of 1 ha were considered. The new land use maps of the two 

baseline scenarios have been used as input for the SWAT scenarios simulation.  

Simulation of different shares of conventional and ecological farming on total agricultural land 

use in the catchment is based on randomly distributed land use changes. Ecological farming 

is represented in the SWAT model by modifying crop rotations and fertilizer application. 

SWAT simulates the changes in nitrogen loads according to the baseline and management 

scenarios for every of the 108 subcatchments in the Weiße Elster basin. The scenario 

analysis was carried out using time series data from 1976 – 2000 for the calculation of long 

term mean yearly nitrogen loads.  

3.5.2 WASP5 scenario analysis 

The effect of morphological features on the nitrogen concentration was analysed by 

sensitivity analyses. The Mannings coefficient (as a measure for river bottom roughness), the 

width/depth-ratio (w/d-ratio) and the sinuosity were sequentially varied by ±10%. The effect 

on the model output variables is expressed by the elasticity ε, which can be approximated by 
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where x0 and xi are the output variables before and after variation of parameter Θ by the 

value p (10%). The influence of the morphological parameters “Mannings n”, width/depth 

ratio and sinuosity on nitrogen concentrations were compared with the influence on other 

model variables like OP, PO4-P, O2, PHYT, PERI and CBSB. Elasticity ε of the selected 

morphological parameters was determined for each model variable.  

In a second step the effect of river restoration measures on the nitrogen concentration was 

analysed. Three different model scenarios were investigated: 

 

• Scenario-1 analyses measures of the river maintenance program of the water 

authorities on a 57.3 km river reach in the lower part of the Weiße Elster river. It 

consists of local extensions of river width, local increase of river bottom roughness, 

additional shadowing by riparian vegetation and the removal of one weir. 

• Scenario-2 assumes natural morphological conditions in all reaches of the river, 

which are not restricted by roads, railways or urban areas. These unrestricted 

reaches comprise 37.5 % of the study river section. Natural conditions were defined 

using morphological parameters of undisturbed reference sites. Natural sites were 

defined by a sinuosity value of 1.3 for river section upstream of Zeitz and 1.7 for river 

sections downstream of Zeitz. Reaches with modified river structure show lower 

values due to straightening of river meanders. Hence, this scenario leads to higher 

sinuosity in the study reaches and an increase of flow length of 16.4 %. The river 

cross sections in natural conditions is defined by a mean width of 32 m and a mean 

depth of 1.1 m for the upper part of the river section upstream of Zeitz. Downstream 

of Zeitz the mean width of 24 m and the mean depth 1.5 m was used. Mannings 

coefficient was taken as a 0.033 for the upper part and 0.035 for the lower pat of the 

river reach. 

• Scenario-3 is a hypothetical scenario, which assumes morphological reference 

conditions for the whole river section. Natural mean values of sinuosity, w/d-ratio and 

Mannings coefficient were defined according to scenario-2. Additionally, all weirs 

were removed from the hydrodynamic model and constant channel slopes were 

assumed for this river reaches. 
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4 Results 

4.1 Predictions and uncertainty analyses using the SWAT model 

4.1.1 Analyses of land use scenarios and agricultural management measures 

 
The yearly nitrogen loads from the scenario analyses for the time series from 1991- 2000 at 

the discharge gauging station Gera-Langenberg in the middle part of the Weiße Elster 

catchment is shown in Figure 18. The figure shows only small differences between the 

selected shares of ecological farming, the baseline scenario business as usual (RAUMIS 

2010) and the status quo. All scenarios lead only to a small reduction in the nitrogen load 

with an increase share of organic farming at total agricultural land. However, even a share of 

30% ecological farming does not reduce the nitrogen load substantially. Reduced nitrogen 

inputs due to ecological farming do not always lower nitrogen leaching from soil zone to the 

same extend compared with conventional farming. This can be explained by considerable 

lower crop yield and plant uptake of nitrogen. The baseline scenario regarding the 

liberalisation of the agricultural market (RAUMIS-TLB) leads to a considerable reduction of 

the nitrogen load in the Weiße Elster catchment. This is caused by a large reduction of 

arable land of 34% and pasture of 8.6% compared to the business as usual RAUMIS 2010 

scenario. Figure 19 shows the spatial distribution of the nitrogen reduction for both RAUMIS 

scenarios. For both scenarios, the area weighted (kg/ha/yr) reduction of the long term mean 

nitrogen load is expressed as deviations from the status-quo scenario. There are large 

differences between both scenarios and a large spatial variation of nitrogen load reduction in 

each scenario with a maximum of up to 21 kg/ha/a in two subcatchments after liberalisation 

of the agricultural market (RAUMIS-TLB). This is due to a large shift of arable land to pasture 

or fallow in connection with high nitrogen loads of the former arable land.  

The SWAT scenario for the different shares of ecological farming on the total agricultural 

land use shows large variation of nitrogen load reduction within the Weiße Elster catchment 

(Fig 20). 
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Figure 18: SWAT scenarios for nitrogen loads at the discharge gauging station Gera-

Langenberg, hydrological year 1991-2000 

 
Figure 19: Nitrogen load reduction for SWAT baseline scenarios compared with the status 
quo scenario 
 

Highest reduction of nitrogen loads can be observed in the upper part of the catchment. This 

reduction increases with an increase in ecological farming. In contrast, in most lowland 

subcatchments, ecological farming leads to a slight increase of nitrogen inputs in the river 
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system. It can be concluded that an overall increase of ecological farming does not ensure a 

reduction of nitrogen leaching form agricultural land. Site specific characteristics like 

meteorological conditions and soil types have to be taken into account. A more promising 

strategy seems to be an appropriate adjustment of the crop rotation at site specific locations. 

Of course this is also true for land use practises according to the principle of ecological 

farming.  

Reduction of Nitrogen Load
[kg(ha*a)]

-3 - -2.6

-2.5 - -1.7

-2 - -1.6

-1.5 - -1

-0.9 - -0.6

-0.5 - -0.1

0

0.1 - 1

1.1 - 2

2 - 4

2 - 4

4 - 8

ÖKO_05 ÖKO_10 ÖKO_20 ÖKO_30

 
 
Figure 20: Nitrogen load changes for SWAT ecological farming scenarios compared with the 
status quo scenario 
 
 

4.1.2 SWAT precipitation uncertainties 

Uncertainties in rainfall data and their impact on discharge and nitrogen loads were analysed 

with respect to systematic errors due to different types of precipitation shelter classes and 

due to random rainfall errors. Random errors have been defined according to normal and 

Gumbel error distribution functions. Special focus has been put on the impact of varying 

catchment size and station numbers on simulated discharge and nitrogen load.  

 

Systematic errors have been considered using correction factors ranging between 9.3 and 

18.2 %. The relative differences of mean values between the selected correction factors vary 

in relation to total discharge (Fig. 21). In the case of low discharge the differences between 

the selected correction factors can exceed approximately 100% of total discharge for the 

smallest catchment (Läwitz, 102 km²) with only one precipitation station. With increasing 

catchment size and number of precipitation stations these differences tend to decrease.  
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Figure 21: Mean simulated discharge using four different correction factors from 9.3 to 18.2 
% based on 200 randomly (Gumbel distribution) generated rainfall time series for the time 
period from 1990 to 2001 of discharge gauging stations Läwitz and Gera-Langenberg  
 
 
 
Simulated discharge at gauging station Gera-Langenberg with a catchment size of 2146 km² 

showed considerable lower differences between the selected correction factors especially 

during low flow conditions.  
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Figure 22: Standard deviations of simulated monthly discharge with correction factors of 9.3 
and 18.2% based on 200 randomly (Gumbel distribution) generated rainfall time series for 
the time period from 1990 to 2001 of discharge gauging stations Läwitz and Oberthau  
 
 
The effect of random errors on daily simulated discharge using 200 randomly generated time 

series with a rainfall correction factor of 9.3 and 18.2 % for the Läwitz catchment is shown in 

Fig. 22. The standard deviations of the error distribution of monthly discharge exceed values 

of 3 mm in the case of a low correction factor (9.3%) and values of 7 mm in the case of a 
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high correction factor (18.2%). These values correspond to monthly discharge error ranges 

of 20 mm (correction factor 9.3%) and 45 mm (correction factor 18.2%).  

This indicates that random precipitation error has a significant effect on the simulated 

discharge of the Läwitz catchment since measured monthly discharge ranges between 1 and 

90 mm. On an annual basis the effect of these random precipitation errors on total discharge 

calculations decrease because daily random precipitation errors tend to balance during 

longer time periods.  

The same is true for larger catchment sizes with a higher number of precipitation stations. 

This is also shown in Figure 22 for discharge gauging station Obertau. The corresponding 

catchment has an area of 4939 km² with 47 precipitation stations. Standard deviation of the 

simulated discharges based on the random rainfall error is small with less than 1 mm 

(monthly values). Again, the larger correction factor leads to larger simulated discharge 

errors.  

The effect of the error distribution function type is shown in Fig. 23 using the precipitation 

correction factor of 18.2 %. The Gumbel probability distribution type leads to larger standard 

deviation of the simulated monthly discharge values than the normal distribution. The 

deviations between the distribution types are larger during high flow periods compared to low 

flow periods.  
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Figure 23: Standard deviations of simulated monthly discharge with correction factors of 
18.2% with normal and Gumbel error distribution functions of rainfall time series for the time 
period from 1990 to 2001 of discharge gauging station Läwitz  
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The inaccuracies in simulated total nitrogen load related to systematic rainfall errors are 

shown in Fig. 24. Nitrogen loads are expressed as mean values of 200 model runs based on 

randomly generated rainfall time series for each correction factor. The computed nitrogen 

loads based on the four rainfall correction values show less significant variations compared 

with simulated discharge (Fig. 24). The monthly mean values of computed total nitrogen load 

strongly depend on the simulated discharge of the four selected rainfall correction factors. 

Computed nitrogen concentrations tend to compensate differences in simulated discharge 

between the four correction factors which leads to lower variations of simulated nitrogen 

loads. Standard deviations of total nitrogen monthly load due to random errors in rainfall data 

range between zero and 0.8 kg N / (ha*month) using a rainfall correction factor of 12.0% in 

the Läwitz catchment. The range of monthly nitrogen loads caused by random error of rainfall 

input depend on the selected correction factor and exceeded 4 kg N / (ha*a) using a rainfall 

correction factor of 9.3%. Systematic rainfall error lead to relative errors of up to 30% 

compared to the mean values as shown in Figure 24.  

The effect of randomly generated rainfall measurement errors on catchment discharge and 

total nitrogen load with respect to the catchment size is shown in Figure 25. Simulated errors 

are expressed as mean and maximum monthly error ranges in selected subcatchments of 

the Weiße Elster using a rainfall correction factor of 18.2 %. In this simulation study a 

1990 1992 1994 1996 1998 2000
0.0

2.5

5.0

7.5

10.0

12.5

15.0
Läwitz

To
ta

l N
itr

og
en

 L
oa

d 
[k

g/
(h

a*
m

on
th

)]  Mean (9,3 %)
 Mean (12,0 %)
 Mean (14,6 %)
 Mean (18,2 %)

 
Figure 24: Mean simulated nitrogen load using four different correction factors from 9.3 to 
18.2 % based on 200 randomly (Gumbel distribution) generated rainfall time series for the 
time period from 1990 to 2001 of discharge gauging stations Läwitz  
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Figure 25: Mean and maximum monthly error ranges of simulated discharge and nitrogen 
load in selcted subcatchments of the Weiße Elster using a rainfall correction factor of 18.2% 
and randomly generated rainfall time series (Gumbel distribution)  
 
 
Gumbel probability distribution function for the generation of random rainfall measurement 

errors was used. The maximum error range of discharge can exceed 46 mm per month in the 

smallest catchment with only one precipitation station. This value is high compared to 

maximum simulated monthly discharge of 92 mm (see Fig. 21). For the same catchment the 

mean of the error range of monthly discharge values is lower with 9.5 mm.  

With increasing catchment size the effect of random measurement errors on simulated 

discharge error ranges decreases rapidly. If more than 10 precipitation stations are included 

in the simulations study, which relates in our study to a catchment size of 1255 km², error 

range of monthly values are smaller than 4 mm. 
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In our investigation we did not explore the spatial representatives of a single precipitation 

gauge station of the given rain gauge network. This could be investigated if a much denser 

precipitation network would have been available, at least in a part of the Weiße Elster 

catchment (compare Willems, 2001, Refsgaard et al. 2006). If spatial correlation length scale 

is larger or in the same order of magnitude as the distance between stations, we are 

underestimating the precipitation uncertainty. Since we only considered point measurement 

errors the computed values express the minimum errors due to precipitation.  

 

The results of simulated nitrogen load are comparable to the discharge values. Significant 

error ranges due to random rainfall errors could only be computed in the case of small 

catchments and corresponding small number of precipitation stations. It has to be kept in 

mind that we always investigated an increase of precipitation gauge stations in connection 

with an associated increase in catchment size. If more than three precipitation stations are 

included in the simulation study, no considerable change of the error range of nitrogen loads 

could be observed. In these cases error ranges are lesser than 0.22 kg N /(ha*month) which 

is low compared to simulated total nitrogen loads. These nitrogen loads can exceed 4.3 kg 

N/(ha*month) in mesoscale catchments (gauging station Gera-Langenberg, 2146 km²). 

However, these small absolute error ranges of nitrogen loads may not only be explained with 

an insignificant influence of random precipitation error. Also the amount of mean area 

weighted precipitation and discharge decreases with increasing catchment size because of 

subsequent inclusion of the lowland areas with comparably low precipitation. The decrease 

of area weighted discharge with increasing catchment size leads also to a decrease of area 

weighted nitrogen load and hence to a decrease of absolute error ranges.  

 
We can conclude that systematic rainfall measurement errors can have considerable effect 

on simulated discharge as well as simulated nitrogen load. These errors can significantly be 

increased by additional random rainfall errors. However the effect of random errors rapidly 

decreases with an increase in number of precipitation stations. These findings suggest that 

random rainfall errors should be considered only if a small number of precipitation stations 

are used. The effect of systematic rainfall measurement errors on simulated nitrogen load is 

smaller compared to simulated discharge. This is also true for random rainfall errors. The 

importance of detailed information on shelter classes of precipitation gauge sites compared 

with the use of mean correction factors will decline with an increase in catchment size and 

associated increase of rainfall gauge stations. This suggests that a careful determination of 

the shelter class of precipitation station instead of the use of a mean wind correction factor is 

necessary only if a small number of precipitation stations (< 10) are included in the study. 

Since rainfall errors tend to compensate if a large number of precipitation stations is used, 
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the importance of detailed investigations of rainfall shelter classes and random rainfall errors 

will decline with the increase in catchment size and an associated increase of rain gauge 

stations.  

 

4.2 Predictions and uncertainty analyses using the WASP 5 model 

4.2.1 Impact of river restoration and river morphology on nitrogen retention 

The effect of the shape of the river cross section characterized by the sinuosity, the w/d-ratio 

and the Mannings coefficient on nitrogen concentrations was analysed by sensitivity 

analyses. The simulation study shows, that sinuosity has the strongest effect on all model 

variables (Figure 26). The influence of the w/d-ratio is lower and the effect of the Mannings 

coefficient is negligible. Furthermore, the elasticity of the model variables are varying: the 

effect of sinuosity is very strong for the components of autotrophic biomass (PHYT and 

PERI). This accounts for a rise in the residence time and an increase of settling surface for 

periphyton. For the inorganic nitrogen (NH4+, NO3) the elasticity is lower because it is 

affected by several divergent processes. The most significant processes are (i) that the 

assimilation of nitrogen increases with increase in autotrophic biomass and (ii) that nitrogen  

 

 

 
 
 

 

 

 

 

 

 

 

 
Figure 26. Elasiticity of the model variables at the lower boundary of modelled river section 
with respect to morphological features “Mannings n” as a measure for river bottom 
roughness, “width/depth-ratio” and “sinuosity”. 

 

retention by benthic denitrification increases with increase in sediment surface. The latter 

attributes to a larger sinuosity and, as well, a larger w/d-ratio. The elasticity of the inorganic 
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phosphorus are comparably higher. The main reason is that its concentrations are quite low. 

This results in a higher sensitivity in contrast to autotrophic growth. 

Three morphological scenarios were examined. They are characterised by deviating spatial 

intensities and combinations of restoration measures. Scenario-1 (municipal river 

maintenance program) has nearly no effect on the model variables (Figure 27). Scenario-2, 

which assumes river channel restoration for unrestricted reaches, shows larger changes of 

inorganic nitrogen concentration (NH4+, NO3) compared to scenario-1. Nitrogen 

concentrations decreased by 5.4 % at the end of the 70.6 km river section. This can be 

explained by an increase of the autotrophic biomass (PHYT and PERI) and enhanced 

retention due to benthic denitrification.  

Scenario-3 (hypothetical scenario) results in a decrease of inorganic nitrogen of 9.9 %, which 

is caused by an increase of the water-sediment interface. The removal of the weirs results in 

an increase of flow velocity and a corresponding decrease of residence time. This leads to a 

decrease of nitrogen turnover by about 3 % compared to the present state. 

The reduction of inorganic phosphorus (PO4) is more significant compared to nitrogen. This 

can mainly be attributed to the growth of phytoplankton and periphyton. As a result the 

organic phosphorus (OP) increases. The larger change of inorganic phosphorus in 

comparison to inorganic nitrogen can be explained by quite low concentrations (< 0.03 mg 

PO4/l) in the present state. Furthermore 90 % confidence limits were often larger than the 

predicted effect of the measure; this was especially true for the scenarios 1 and 2. Hence, 

the model could not be used to assess the effect of the scenarios in these cases. 

The assessment of these results it has to take into account that the baseline scenario covers 

a time period of two weeks of summer conditions. For winter periods the nutrient 

concentration changes would be smaller because of lower biomass of algae and lower 

denitrification rates. Hence, the mean annual changes probably would be smaller too. The 

effect of the most feasible measures, which are realized in Scenario-2, on the concentration 

of inorganic nitrogen is quite low. This corresponds to the results of former studies, which 

investigated the effect of river restoration measures on water quality constituents (e.g. Frey 

2001, Splett 2000). They showed that the impact of restoration measures on nutrient 

concentrations was low and sometimes even negative. In a small river high reduction of 

ammonia nitrogen was observed (Frey 2001), which can be attributed to an increase in 

stream width and bottom roughness due to the rehabilitation measure. Generally, the positive 

effects of rehabilitation measures on nutrient concentrations might be larger in small rivers 

compared to large rivers because of the larger w/d-ratio and a more intensive exchange 

between the water body and the hyporheic zone. 
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Figure 27: Percentage variation of the model variables at the outlet of the river section for 
three restoration scenarios. 

 

4.2.2 Parameter uncertainties 

Based on Monte Carlo analyses, parameter sensitivities on the output variables have been 

investigated for the uncalibrated (MOCA 1) and the calibrated model (MOCA 2). The results 

for MOCA 1 show, that all variables have extremely large confidence bounds with the 

exception of O2, PHYT and Nitrate (see Fig. 28). Using the calibrated model these 

confidence limits could be significantly reduced. However, ammonia, soluble phosphate 

(PO4) and periphyton biomass still have large 90 % confidence limits. Most important 

reasons for this are the large sensitivity of the parameters on these output variables, the low 

ammonia and orthophosphate concentrations during the simulation study, and their high 

sensitivity to changes of the autotrophic growth. Compared to the MOCA 1, the sensitivity 

analysis of the calibrated model shows a more symmetric behaviour of the confidence limits 

of the output variables, as the sensitive parameter values are normally distributed within a 

narrow range. In contrast, in the case of the uncalibrated model, the probability distribution of 

the output variable may have several maxima if it is influenced by several sensitive 

parameters. The confidence limits presented in Fig. 28 show the maximum uncertainties, 

because they are based on the output values at the end of the river reach.  
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Figure 28: Confidence limits of the WASP 5 output variables for the uncalibrated (MOCA 1) 
and the calibrated model (MOCA 2) 
 
 

4.3.2 Input data uncertainties 

The investigation of the uncertainties of the effect of Mannings coefficient on the WASP5 

output variables showed that largest effects could be observed for phytoplankton, ammonia 

and ortho-phosphate (see Table 7). The roughness coefficient influences the residence time 

of water in the river reach and hence the time of plankton growth within the system. This 

affects the amount of ammonia and phosphorus uptake by the algae. It can be concluded 

that Mannings roughness coefficient has a much lower effect on the output variables than 

kinetic parameters of the EUTRO submodel.  

The effect of uncertain inputs of periphyton biomass is also shown in Table 7. The standard 

deviation of the distribution function of the periphyton biomass is 54.8 % and was based on 

field study experiments. The largest effects were found for ammonia, ortho-phosphate and 

organic phosphorus. Smaller deviations were found for phytoplankton, because the relative 

high periphyton biomass led to phosphorus limitation. The influence on all other variables 

was only minor. Point source inputs from sewage plants affect the concentrations of 

inorganic nutrients while the autotrophic algae growth is affected only slightly. Compared to 

other variables, nitrate is highly affected by uncertainties in point source inputs (Table 7). 

However, in relation to the large standard deviation off the input loads, the uncertainties are  
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Table7: 90% confidence limits of WASP5 output variables for 3 Monte Carlo analyses as 
percentage deviations from the calibrated value  
 

Boundary 
condition 

PHYT PERI* O2 CBSB NH4-N NO3-N ON PO4-P OP 

Mannings n +5/-8 - ±2 +1/-2 +8/-7 +1/-2 +1/-2 +2/-4 +3/-6 

Periphyton 
biomass 

0/-2,2 ±48,5 ±0,5 ±0,3 +25/-22 ±3,6 ±2,2 +14/-9 +13/-14

Point 
sources 

±0,1 ±0,7 ±0,1 ±0,0 ±5,8 ±7,6 ±0,1 ±10,6 ±0,2 

Calibrated 
value  

28,0 27,7 9,9 9,2 0,05 3,96 1,21 0,05 0,10 

 

comparatively low which can be explained with overall small share of point source inputs at 

the total nitrogen load.  

 

It can be concluded that parameter uncertainties of the WASP5 river water quality model 

contribute to a larger extend to the overall model uncertainty than the investigated input data 

uncertainties. It has to be taken into account that uncertainties of non point source nutrient 

inputs have not been investigated. It can be expected that these uncertainties have a large 

impact on in-stream nutrient conversion because of their large share of the total nutrient load. 

In the Weiße Elster catchment this is particularly true for nitrogen. Since in-stream nitrate 

degradation is strongly influenced by the nitrate concentration level in the water column, high 

dependencies between non point source input load uncertainties and uncertainties at the 

outlet of the investigated river reaches can be expected.  

 

5 Evaluation of HarmoniRiB products 
 

The DUE software (WP2) was used for the generation of precipitation time series in this 

study. For every rain gauging station 200 realisations of precipitation time series were 

generated. These data were used to conduct the uncertainty analysis with the SWAT model. 

For the input data uncertainty analysis as well as the parameter uncertainty analysis of the 

WASP5 model Monte Carlo analysis analysis were carried out independently from the DUE 

software, because the preparation of the data sets had been carried out in a relatively early 

stage of the project. Model parameter uncertainty analysis has been carried out using 

another software (UNCSIM). Data from the Weiße Elster basin has been uploaded to the 
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HarmoniRiB database (WP6), but the DUE software has been used independently from the 

database and no use has been made of data retrieval from the HarmoniRib database. The 

uncertainty guidelines report (WP2) has been used for retrieving statistical properties and 

correlations on soil physical data.  

 

6 Conclusions 
With regard to the SWAT modelling study we can conclude that the investigated ecological 

farming scenarios did not ensure a reduction of nitrogen leaching from agricultural land within 

the Weiße Elster catchment. Only the scenario on liberalisation of the agricultural market led 

to a considerable reduction of nitrogen loads due to large reduction of agricultural land use of 

42.6%. Input data uncertainty analysis showed that systematic rainfall measurement errors 

can have considerable impact on simulated discharge as well as simulated nitrogen load. In 

small catchments with only one precipitation gauge station the selection of a wrong wind 

shelter class can lead to relative discharge errors of up to 100 % and relative nitrogen load 

errors of up to 30%. The importance of detailed information on wind shelter classes of 

precipitation gauge sites compared to the use of mean correction factors will decline with an 

increase in catchment size and associated increase of rainfall gauge stations. Point 

measurement rainfall errors tend to compensate if a large number of precipitation stations is 

used.  

We investigated these uncertainties by the use of mean yearly correction factors. The results 

of Richter (1995) show that monthly correction factors can be much larger especially in 

winter time in connection with snow induced errors. Furthermore the effect of precipitation 

errors will increase if daily discharge and nitrogen loads are calculated instead of monthly 

values in the present study. This may be important if nitrogen concentrations are of interest 

(water quality standards are often based on 90 percentiles of matter concentrations). 

Systematic precipitation errors can significantly be increased by additional random rainfall 

errors. However the impact of random point measurement errors rapidly decreases with an 

increase in number of precipitation stations. This suggests that a careful consideration of 

random point measurement precipitation errors is necessary only if a small number of 

precipitation stations (< 10) are included in the study. 

It has to be taken into account that we did not investigate the effect of additional spatial and 

temporal autocorrelation on precipitation uncertainties. Including these additional 

uncertainties would possibly increase total rainfall uncertainties. 

 

With regard to the river water quality modelling study it can be concluded that parameter 

uncertainties of the WASP5 river water quality model has a larger contribution to the overall 

model uncertainty compared to the investigated input data uncertainties. Parameter 
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uncertainties were high and sometimes larger than the effect of the investigated river 

restoration management scenarios; hence the effect of the investigated measure was too 

small to be assessed by the model. The analysis of input data uncertainties showed that the 

investigated input parameters and variables Mannings n, periphyton biomass and point 

source inputs have largest effect on NH4-N followed by PO4-P. The uncertainties of the 

boundary conditions had comparably low impact on nitrate concentrations. It has to be 

pointed out that uncertainties due to non point source nutrient inputs have not been 

investigated. It can be expected that these uncertainties have a large impact on in-stream 

nutrient conversion because of their large share of the total nutrient load. In the Weiße Elster 

catchment this is particularly true for nitrogen. Since in-stream nitrate degradation is strongly 

influenced by the nitrate concentration level in the water column, high dependencies between 

non point source input load uncertainties and uncertainties at the outlet of the investigated 

river reaches can be expected. 
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