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Abstract

The goal of the European Water Framework Directive (WFD) is to protect and enhance the status of aquatic and terrestrial
ecosystems. To reach this objective an integrated methodology for the implementation of the WFD is essential. The methodol-
ogy presented was developed within an interdisciplinary research project on the highly polluted 4th order Weilie Elster River
basin, a large subcatchment of the Saale basin (Germany), which is part of the UNESCO-IHP HELP program. The project
focuses on nutrient management in order to achieve a good ecological status of surface waters. The paper focuses on an inte-
grated modelling of nitrogen transport and comprises combined terrestrial and in-stream transport processes. The mitigation
of diffuse and point sources pollution is thereby essential to meet the environmental objectives. Land-use scenarios on both
organic farming systems and best management practices were analysed and compared with different strategies to reduce
point source. The results show that the possible reduction of nitrogen inputs from point sources is much lower compared to the
reduction of diffuse inputs from agricultural land use. The results on in-stream nitrogen transformation show that different
morphological factors influence the nitrogen retention considerably. The potential of management measures to reduce nitro-
gen loads by river restoration measures seems to be limited. This is caused by infrastructural facilities that restrict attaining
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a natural state of river morphology.
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Introduction

The European Water Framework Directive (WFD) states the
goal that all waters in the European Union should reach a good
status by 2015 (European Parliament, 2000). 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 program
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 nutrient reducing
measures as well as its economic consequences, upon which
policy makers can base their decisions. The overall objective
of the case study is to develop a decision support methodology
for the implementation of the Programmes of Measures (PoM)
according to the WFD with special focus on the impact analysis
including nutrient reduction (contribution to the environmental
objectives) and economic analysis (costs of the measure). The
methodological approach for decision support structures the
implementation of the PoM into six phases (see Fig. 1).

The paper concentrates on the impact analysis comprising
the evaluation of management scenarios to reduce nitrogen load-
ings using the Weille Elster catchment as a case study. The catch-

*  Revised paper. Originally presented at the symposium ‘HELP in
Action: Local Solutions to Global Water Problems — Lessons from
the South’ which was held at the Emperor’s Palace, Johannesburg,
South Africa from 4 to 9 November 2007.

* To whom all correspondence should be addressed.

@ +49 (0)391 8109650; fax: +49 (0)391 8109699;
e-mail: michael.rode@ufz.de

490

Characterisation of the RB +

Assessment of water bodies

Monitoring
program
o
[
=
[=X
©
S
=
>S5
o
S,
v 3
Exceptions/ °
Derogations o
5
Implementation of Program of
Measures
Figure 1

Structure of the Program of Measures (PoM) with steps
in the planning process (RB = river basin)

ment is part of the Elbe basin in Germany. The scenario analysis

is carried out using appropriate hydrological nutrient transport

and river water quality models. Specific objectives are to:

e Assess the impact of different agricultural management
practices on the reduction of nitrogen yield for different
baseline and management scenarios using the Soil Water
Assessment Tool (SWAT)

¢ Evaluate the importance of different river restoration meas-
ures with respect to nutrient transport and assess model
uncertainties using the WASPS river water quality model.
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Methods
Case study

Catchment characteristics

The Weille Elster River basin is a subcatchment of the Saale
River which is the second largest tributary of the Elbe River.
The catchment area is about 5 300 km? and is mainly situated in
the German States of Sachsen (Saxony), Thiiringen (Thuringia)
and Sachsen-Anhalt (Saxony-Anhalt). The river originates from
the Erzgebirge (Ore Mountains) in the Czech Republic, is 250
km long and has a mean discharge of 26 m*/s (gauging station
Oberthau). The river channel structure is very diverse with near-
natural stretches as well as concrete-lined segments.

The land use (Fig. 2) 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 ground-
water 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. Precipitation varies between
500 mm in the northern part of the basin (lowlands) to 1 000
mm in the southern part (mountains). The annual runoff varies
approximately between 50 and 600 mm.

Main field crops are grains and root crops in the northern
part of the catchment and forage crops in the southern more hilly
parts of the basin. Livestock in the area consists mainly of cattle.
Settlements, industrial areas, and infrastructure account for 16%
of the land use with Leipzig and Halle being major cities located
in the catchment. The area south-west of Leipzig is characterised
by active and reclaimed open pit mines. The implementation of
the WFD for the Weile Elster River is coordinated by the Saale
Basin Co-ordination Group which is formed by representatives
of the State ministries of environment (Thuringia, Saxony, and
Saxony — Anhalt, Bavaria and Lower Saxony).

Meteorological data were made available from the German
national meteorological service. There are about 60 precipitation
and 11 climate stations in and around the Weille Elster basin.
Daily data were made available for most of the precipitation
gauging stations, while six-hourly or hourly data were available
for the climate stations. Time series data were collected from
1990 to 2003. Daily water level measurements were made avail-
able for about 20 gauging stations in the Weil3e Elster catchment.
These stations are managed by the environmental agencies of
the Federal States. Time series of water level and discharge data
were used from 1990 to 2002. There are about 20 water quality
monitoring stations in the Weile Elster catchment. But meas-
urements were taken only 1 to 2 times per month. An extensive
number of physico-chemical properties were measured. Data of
water extraction and discharge to the river were mostly taken as
permitted values.

A digital elevation model was made available at 50 m resolu-
tion. Land use information was derived from Landsat imagery
at a spatial resolution of 30 m for 1989 and 1999. Furthermore a
detailed biotope map derived from aerial photography was used.
Several soil maps were made available in digital format with
spatial resolutions of 1:1 000 000 and 1: 200 000.

Description of problems

Water quantity and quality are closely related to the various eco-
nomic activities in the river basin. Agriculture, urbanisation as
well as open pit mining have contributed to the chemical and
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Figure 2
Land use in the Weil3e Elster Catchment

biological pollution of the Weille Elster River. Most of the Weifle

Elster River has been classified as moderately polluted with

some segments as critically polluted (classification according

to German water quality standards). Main problems are nutri-
ents (N & P) with high ammonium concentrations in some river
reaches. 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 activi-

ties and flooding of open-pit mines will alter salt concentrations

of the Weille Elster. Although water quality has substantially
improved in the last few years, a comprehensive remediation
programme is necessary to meet the WFD targets.

Nutrient concentrations in the Weile Elster River and its
major tributaries given as 90-percentile of concentrations (2001)
range between 6.1 and 13.0 mgN/€ and 0.14 and 0.74 mgP/(. Dif-
fuse sources have been estimated to have contributed to the over-
all nutrient load by 84% (nitrogen) and 65% (phosphorus). High
NH4 and PO4 concentrations at the lowland river reaches are
caused by high sewage inputs from urban areas. Main water uses
conflicting with water quality targets according to WFD are:

e 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.

e Industrial and municipal discharge vs. water quality: other
important reasons for the poor water quality of the Weille
Elster are point pollution from industrial and municipal
effluents, considerable water abstraction for industrial use
and flooding of mining lakes.
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Model set-up

The evaluation of management measures is carried out with
regard to improvement of water quality. Two models were
applied: 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 proc-
esses. Water and nitrogen transport of the entire Weille Elster
basin is simulated with the Soil and Water Assessment Tool
(SWAT). SWAT is a deterministic continuous process-based
model coupling hydrological, biogeochemical, and ecological
processes at the river basin-scale (Arnold et al., 1994; Krysanova
and Haberlandt, 2002). According to the stepwise approach the
simulation first focuses on the hydrological cycle and secondly
on the transport of nitrogen.

The Weille Elster catchment was divided into 108 subcatch-
ments based on the hydrological characteristics. SWAT model
calibration and validation was carried out using time series data
from 1991 to 2000. After parameter sensitivity evaluation, the
calibration was carried out manually using the most important
parameters. A detailed sensitivity analysis of the SWAT model
can be found in Van Griensven et al. (2002). The calibration runs
of the hydrological model were assessed by visual comparison
of the simulated and the observed hydrographs 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.

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
WASPS5 modelling system consists of three stand-alone com-
puter 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 toxic
inorganic and organic chemicals. In this study a modified ver-
sion 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 oxy-
gen demand (BOD), ammonia nitrogen (NH,), nitrate nitrogen
(NO,), organic nitrogen (ON), phosphate (PO,) and organic
phosphorus (OP). The complex system of these variables is
described by several processes, such as growth and decay of
the autographs, settling, re-aeration, sediment oxygen demand,
nitrification, denitrification and mineralisation. In total up to 59
temperature coefficients and kinetic parameters are used. Addi-
tional information on latest model modification can be found in
Wagenschein and Rode (2008). The main advantage of WASPS
compared to other water quality models is its flexibility as it
offers a possibility to build one-, two- or three-dimensional
networks. Complex aquatic systems can be subdivided into lat-
eral, vertical and longitudinal segments. Another advantage is
the freely available source code of WASP5, which makes it pos-
sible to implement additional processes and components in the
modelling system.
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The Weille 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 were 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 Weile Elster River. Frequentist
and Bayesian techniques are the most common methods for
model or parameter identification (Omlin and Reichert, 1999).
In this study frequentist analysis was used as much less time was
needed. It comprises two steps:

» Assessment of parameter identifiability by sensitivity analy-
sis and calculation of compensation measures (Reichert and
Vanrolleghem, 2001)

* Calibration of the WASPS model with the automatic param-
eter estimation tool PEST (Doherty, 2004) using the 8 most
important parameters (see also Wagenschein and Rode,
2008).

All other parameters were defined using literature values.
A detailed sensitivity analysis can be found in Wagenschein
(2006). During the calibration process, PEST allows quantifica-
tion of 95% parameter confidence limits based on the solution of
the covariance-matrix.

As criteria to measure the model performance the Index of
Agreement d (Willmott, 1982) and the Nash-Suttcliffe-criteria £
(Nash and Suttcliffe, 1970) were used. The d includes values of
between 0 and 1, with values close to 1 indicating a good agree-
ment 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 preci-
sion of the model is lower than when the mean of the values
measured is used.

Scenario analysis

The validated SWAT model provided the basis for the analysis of

the status quo and land-use management scenarios for the reduc-

tion of nitrogen inputs in the Weille Elster catchment. The fol-
lowing land-use management measures were analysed:

» Different shares of organic farming on total arable land, sce-
narios amount to the shares of 5%, 10%, 20%, and 30% of
organic farming

* Land-use distributions in 2010 according to the present agri-
cultural policy expectations (RAUMIS 2010; Gémann et al.,
2003)

* Land-use distribution in 2010 according to a liberalisation
of the agricultural market (RAUMIS-TLB; Gomann et al.,
2003).

Additionally the effect of three river restoration scenarios on the

nutrient concentration is investigated:

* River restoration 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 Weille 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.

* River restoration 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
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undisturbed reference sites. Natural sites were defined by
a sinuosity value of 1.3 for river section upstream of the
City 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 sce-
nario leads to higher sinuosity in the study reaches and an
increase of flow length of 16.4%. The river cross-sections in
natural conditions are 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 of 1.5 m was used. Mannings coef-
ficient was taken as 0.033 for the upper part and 0.035 for
the lower part of the river reach according to Pottgiesser and
Halle (2004).

* River restoration 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 these river reaches.

The land use 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 (Gémann et al., 2003). Main differ-
ences between these scenarios compared to status quo are a mod-
erate reduction of 9% (RAUMIS 2010) to an extreme reduction
of 43% of agricultural land use (RAUMIS-TLB) in the Weile
Elster catchment. The county level land use data have been dis-
aggregated on the 50 meter raster level of the original land use
map according to potential crop yields of the arable land (Marks
et al., 1992). Potential crop yield was calculated according to the
site characteristics, such as soil, relief, water balance,

climate and erosion risk. Agricultural areas with low 150

The effect of river morphology on the nitrogen retention
was analysed in a first step by sensitivity analyses with the
WASPS model. 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 €, which
can be approximated by:

g~£97 X X O _ x-x
A® x (1+p/100)0-0Ox, p/100x,
where:

x,and x, are the output variables before and after variation of
parameter © 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
organic phosphorus (OP), ortho phosphorus (PO,-P), oxygen
(0,), phytoplancton (PHYT), periphyton (PERI), and biological
oxygen demand (BOD). Elasticity ¢ of the selected morphologi-
cal parameters was determined for each model variable.

Results
Model calibration

Calibration of the SWAT model shows good results for most
of the discharge gauge stations with Nash and Sutcliffe values
between 0.5 and 0.8. Lowest values of efficiency for model cali-
bration are achieved in subcatchments with considerable impact
of open pit mining. Due to these limitations the visual com-
parison of model predictions and observations is important. An
example of the results of the hydrological model calibration is
given in Fig. 3 for gauging station Zeitz with a catchment size
of 2 476 km? and a Nash and Sutcliff coefficient of 0.7. Also
the visual inspection shows a good agreement of measured and
simulated discharge.

Discharge Zeitz (obs.)
Discharge Zeitz (sim.)

potential crop yield are assumed to convert to fallow. 140 4
Only areas with a minimum size of 1 ha were consid- 138:
ered. The new land use maps of the two baseline sce- 1104
narios have been used as input for the SWAT scenarios _ 100+
simulation. é :g:
Simulation of different shares of conventional S 70
and organic farming on total agricultural land use £ 60+
in the catchment is based on randomly distributed & 50+
changes in land use. Organic farming is represented ;8:
in the SWAT model by modifying crop rotations and 204
fertiliser application. SWAT simulates the changes in 10
nitrogen loads according to the baseline and manage- 0

ment scenarios for every of the 108 subcatchments in
the Weille Elster basin. The scenario analysis is car-
ried out using time series data from 1976-2000 for the
calculation of long-term mean yearly nitrogen loads.

T T T T T T T T
11/1/1997 3/1/1998 7/1/1998 11/1/1998 3/1/1999 7/1/1999 11/1/1999 3/1/2000 7/1/2000

Figure 3

Measured and simulated daily discharge of the WeilRe Elster River

at gauging station Zeitz (calibration mode)

TABLE 1
Index of Agreement (d) and Nash-Suttcliffe-Criteria (E) for the calibration runs
(after Wagenschein and Rode, 2008)

Criteria | Number of PHYT PERI DO CBOD NH, NO, ON PO, OP
values n

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

14 (*8) 0.86 -1.43% 0.43 0.86 0.30 0.89 0.17 0.61 0.60
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The calibration of the hydrological model serves as basis
for the calibration of the nitrogen model. The calibration results
for nitrogen loads of a 10-year period (1989-1998) are reason-
able with Nash and Sutcliffe values of 0.47 for gauging station
Lawitz (100 km?) and 0.48 for gauging station Gera-Langenberg
(2 167 km?). River water quality simulations carried out with
the WASPS model are shown in Table 1 for selected model vari-
ables. 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 con-
centrations during the observed time periods, which amounts
less than 0.03 mg/€. 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. Figure 4 shows
the calibrated chlorophyll-a concentrations for the selected river
reach of the Weille Elster for the 2nd September 2003 and 3rd
August 2004. Measured and simulated chlorophyll-a concentra-
tions show a good agreement.

The calibrated model was validated for a half-year period
in 2001. The results were compared with the data of the moni-
toring programme conducted by the official water authorities.
For nitrate nitrogen the modelling results are reasonable with
NS value of 0.56, although measured values are slightly under-
estimated. For ammonia there are larger deviations with a NS
value of 0.14, which are mainly caused by temporal variability
of the ammonia inputs by sewage plants. Measured phytoplank-
ton concentrations are well represented by the measured values.
Inorganic phosphorus is also slightly underestimated by the
model.

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 sta-
tion Gera-Langenberg in the middle part of the Weile Elster
catchment is shown in Fig. 5. The figure shows only small
differences between the selected shares of organic 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 increased share of organic farm-
ing at total agricultural land. However, even a share of 30%
organic farming does not reduce the nitrogen load substan-
tially. Reduced nitrogen inputs due to
organic farming do not always lower
nitrogen leaching from soil zone to the
same extend compared with conven-
tional 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 Weil3e Elster
catchment. This is caused by a large
reduction of arable land of 34% and
pasture of 8.6% compared to the busi-
ness as usual RAUMIS 2010 scenario.
For both scenarios, the area weighted
(kg/haea) reduction of the long-term
mean nitrogen load is expressed as
deviations from the status-quo sce-

OKO_05
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OKO_10

nario. There are large differences between both scenarios and
a large spatial variation of nitrogen load reduction in each sce-
nario with a maximum of 21 kg/haea 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 different shares of organic farming on
the total agricultural land use shows a large variation of nitro-
gen load reduction within the Weille Elster catchment.
Highest reduction of nitrogen loads can be observed in the
upper part of the catchment. This reduction increases with an
increase in organic farming. In contrast, in most lowland sub-
catchments, organic farming leads to a slight increase of nitro-
gen inputs in the river system (Fig. 6). It can be concluded that
an overall increase of organic farming does not ensure a reduc-
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Figure 4
Measured and simulated concentrations of nitrate-N in the
selected river reach of the Weil3e Elster (calibration mode)
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Figure 5
Nitrogen loads of SWAT scenarios at the discharge gauging
station Gera-Langenberg
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Figure 6
Nitrogen load changes of SWAT scenarios of organic farming compared with the
status quo scenario
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Percentage variation of WASP water quality variables at
the outlet of the river section for three restoration scenarios
(after Wagenschein and Rode, 2008)

tion of nitrogen leaching form agricultural land. Site specific
characteristics like local to regional climate conditions and soil
type distribution have to be taken into account. A more promis-
ing strategy seems to be an appropriate adjustment of the crop
rotation at site specific locations. Of course this is also true for
organic farming land-use practices.

Impact of river restoration and river morphology on
nitrogen retention

The effect of the shape of the river cross section characterised
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. 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 is varying:
the effect of sinuosity is very strong for the components of
autotrophic biomass. This accounts for a rise in the residence
time and an increase of settling surface for periphyton. For the
inorganic nitrogen the elasticity is lower because it is affected
by several divergent processes. The most significant processes
are that:
* The assimilation of nitrogen increases with increase in
autotrophic biomass
* Nitrogen retention by benthic denitrification increases with
increase in sediment surface. The elasticity of the inorganic
phosphorus is comparably higher. The main reason is that its
concentrations are quite low. This results in a higher sensi-
tivity in contrast to autotrophic growth.

Three morphological scenarios were examined. They are char-
acterised by deviating spatial intensities and combinations of
restoration measures. River restoration Scenario 1 (municipal
river maintenance program) has nearly no effect on the model
variables (Fig. 7). River restoration Scenario 2, which assumes
river channel restoration for unrestricted reaches, shows larger
changes of inorganic nitrogen concentration (NH4+, NO3) com-
pared to Scenario 1. Nitrogen concentrations decrease by 5.4%
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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.

River restoration 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 (PO,-P) is more sig-
nificant 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 PO,/C)
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. The assessment of
these results 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 denitrifi-
cation rates. Hence, the mean annual changes probably would
be smaller too. The effect of the most feasible measures on
the concentration of inorganic nitrogen, which are realised in
river restoration Scenario 2, is quite low. 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.

Conclusions

Within the HELP project a methodological approach for the
implementation of the program of measures of the European
WEFD was developed and the use of water quality models for
the impact assessment was demonstrated for the 4th order
Weifle Elster catchment in central Germany. From the model-
ling study using SWAT it can be concluded that the investi-
gated organic farming scenarios do not ensure a considerable
reduction of high nitrogen loading from agricultural land of
the studied catchment. Only the scenario on liberalisation of
the agricultural market leads to a considerable reduction of
nitrogen loads due to large reduction of agricultural land use
of 42.6%. The scenario analysis shows that sufficient reduc-
tions of nitrogen loads with respect to the ambitious goals of
the European WFD can only be achieved with a considerable
change of agricultural land use.

With regard to the river water quality modelling study it can
be concluded that the impact of the most feasible measures on
the concentration of inorganic nitrogen, which are realised in
the river restoration Scenario 2, is quite low. Little effect on the
yearly mean of inorganic phosphorus is also expected. The rea-
son for that is that the autotrophic assimilation is low and the
substance regimes between sediments and the water column are
on average balanced, since the seasonal dependence of fixation
through sorption or mobilisation by desorption or erosion is pre-
ponderant.

The parameter uncertainties are high and sometimes larger
than the effect of the investigated river restoration management
scenarios. The case study shows that easily applicable measures
for the reduction of diffuse nutrient (especially nitrogen) loads
may not be sufficient to reach the goal of a good water quality
status requested by European WFD.
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