Leibniz Institute of Freshwater Ecology and Inland Fisheries

in the Forschungsverbund Berlin e.V.

The model system

MONERIS

Version 2.0
User’'s Manual

by
Horst Behrendt

and
Markus Venohr
Ulrike Hirt
Jiirgen Hofmann
Dieter Opitz
Andreas Gericke

Leibniz Institute of Freshwater Ecology and Inland Fisheries
in the Forschungsverbund Berlin e.V., Miiggelseedamm 310, D-12587 Berlin, Germany

July 2007



Contents ;
Contents

DISCIAIIMET .ccciiinnneriiiinniccsisnricssssnnrecsssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 1

I. General model deSCriPtion ........cicccccveeiccsisnnicssssnnrecsssssessssssssscssssssessssssssssssssssssssssssssss 1

I.1 INErOAUCTION .ouuuveeiiiiivnricisisnnicssssnnrecsssnssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 1

1.2 SYSEEIM OVEIVIEW..uuurerieisssnrecssssnrecsssssssesssssasssssssssssssssssssassssssssssssssssssssssssssssssssssssssssssssssss 2

1.2.1 Basic structure for model appliCation..........c.eeecuieiciieeiiie ettt ree b 2

1.2.2  Temporal and spatial T€SOIULION .......cceiecuiiiiiieriieeieeeiee ettt ettt reesre e ebeesebeesnbeessbeesnseeennas 3

123 Emission method 0f MONERIS ..ot 3

[.2.3.1  POINt SOUICE @IMISSIONS ...euvieutieiiiiieitietieteete et st e st et et ettesbeesbeenbeebeeneesseeseeesbeenseeneeans 3

[.2.3.2  Diffuse SOUICE CMISSIONS. ....c..erutiriieriietietiete et eteertte et ettesttesbee bt ebeeeesseeseeesbeeneeeneeeas 4

I.3 REQUITEMENTS «.uueerrieiivnricisisnricssssnrecsssssssesssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 5

1.3.1 Personal TEQUITEIMENLS .....eevuvieiiieiiieeieeeiee st e st e et e steesteesebeesebeessseessbeessseessseessseessseensseessseenssens 5

1.3.2  Hardware and SOftware reqUITEIMENTS ..........cceeecuieriueeriieeriieeieesiteeereesteesreesaeessseesseessseesssesssnes 5

133 DAata TEQUITEIMENES ....vieiiieeiieeiieeiieeieeeiteeeteeeteesteeeteesbeeeseesseessseesnseeasseesnsaessseesnsessnseessessseens 6

1.3.3.1  Spatial iNPut dAtA .....c.ceecviiiiieiiie ettt st s e e st eebeesbeeenaee s 6

1.3.3.2 Data for calculating point SOUICE EMISSIONS ........eeecveerrreerrirerireeeriesreeesreesseeesseessseessseens 8

[.3.3.3 Monitoring data for SUrface Water..........ccccevuiiiiiiiiienieeeeeeecee e 9

1.3.3.4 Administrative and agricultural data............ccccooeeeiiiiiieeiie e e 9

1.4 Methodology and model deSCripPtion.....cccceeeeccccsnricssssnerccssssnsecssssnssecsssssssesssssssssssonsss 10

1.4.1 Water balance COMPULALION.........cccuieeriieriieiieeriie et et e ete et e ste e st e steessbeessaeessseessseensseessseenses 10

[.4.1.1 Runoff within the catchment area..............ccccceoeiviiiiiiniieeeeee e 10

1.4.1.1.1 Hierarchical subdivision of modelling units ...........c.ccceeeveeciiervieeecieenieeennennn 10

LA T L2 FIOW tIEE oottt sttt et ettt e eas 11

[.4.1.1.3 FIOW NEt-EQUALION  ..ievvieieiieiieeeiieeiteeiee et e eieesveesreesbeeenraesnseesnseesnsaesnseens 13

[.4.1.1.4 Runoff calibration  .........ccccooviiiiiiiiiececeeee e 14

[.4.1.2 Calculation of Water SUIface area..........ccoceerueeruiriiiiiiiieniceeete e 14

1.4.2 Quantification of NUITIENT EMISSIONS  ..eeviitiriiiiertiertiee ettt sttt ettt e st seee e seeeeeeneeens 16

[.4.2.1 Nutrient emissions from POINE SOUICTES .......ecueeruerruereirieriieniieteeteeeesteesteenreeeeeeeseee e 16

[.4.2.1.1Wastewater treatment PIants ...........ccccceeevieriiieriiieiieeniiesee e eieeereesveeeaee s 16

1.4.2.1.2 Direct industrial diSCharges .........cccceeveereiieriieeniiieiieeciie et 17



ii Contents
[.4.2.2 Nutrient emissions from diffuse SOUICES ..........cccueveriiriiriiniiniiieieieicee e 18

1.4.2.2.1 Nitrogen surplus and Phosphorus-Accumulation............ccccceoeroeinieneeneennnnns 18

1.4.2.2.2 Nutrient emissions via atmospheric depoSition..........ccceeeeeeereerrieeesiresrreennenns 19

1.4.2.2.3 Nutrient emissions via surface runoff...........ccccccooiviniiiininininncees 19

1.4.2.2.4 Nutrient emissions via Water ErOSION .........ccuevuerueruiririeeerrenienienieeeneeeenennes 22

1.4.2.2.5 Nutrient emissions via tile drainage............cceceeeeerieniienienienneie e 24

1.4.2.2.6 Nutrient emissions via grouNAWaLeT............cceeeevrerrreerireesireesireesireeereesseesnseens 27

1.4.2.2.7 Nutrient emissions from paved urban areas............ccecceeeeeeecreeerieeeireesrreennennn 31

[.4.2.2.8 RIVET 10AS.....ceiiiiiiiiiiiiiciecere e 36

1.4.2.2.9 Retention in SUIfACE WALETS .......cccevvivieriieiieieieieniieie et 36

| B MONERIS MOde] STUCLULE....ccerueerreersrenssnessanessnessanesssesssnsssssssansssssssassssssssasssssssssssssses 39
I.5.1 The EXCEL structure of MONERIS ........ccooiiiiiiiiiiieecenie ettt 39

1.5.2  Preparing the Basicinfo-WOorkSheet .........ccccoviiiiiiiiiiiiiiieciieeece e 40

153 Preparing the Periodical-Data-WorkbooK............ccceeeiieiiiiiiieiieeniiecieeciee e 45

[.5.4  The MONERIS USEr INEITACE  ....eoviiiieiiiiiiiiiniiieecceceee et 47

L5.4.1 Getting Started  ......... oo 47

[.5.4.2 The MONERIS user interface ......... .ot 48

1.5.4.3 The MONERIS navigation-bar ......... ccccieriiiriieiiieniiecreesiee e 50

[.5.4.4 The MONERIS Main MENU  .....ouitiiiiiiiiiiiieieieieienteee ettt s eeenens 54

1.5.4.4.1 The MONERIS Model SEtUP  ....oovitiiiiiiiiieeiie et 54

1.5.4.4.2 The MONERIS scenario manager ......... ..cccccocemvemeerennuesreeneeneeneeneeens 56

1.5.4.4.3 The MONERIS 1esults ........ciimiiiiiiiiieenieceeeeee e 66

1.5.4.5 Closing MONERIS ... it ettt s re e e s e e sab e e ssaeenneas 77

L.6 REFEIEICES ..uueeenrennrenrininnntenseensnensnnssnenssnesssnsssssssanssssesssnsssssssssssssssssssssssssassssnssssssssns 78
1.7 APPENUICES ccceerunniiensisrnricsssssniessssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 82
Appendix A: List Of tabIeS .....cc.oviiiiiiiiiiiiicicieeceeeee e 82

Appendix B: List Of fIGUIES....c.coiiiiiiiiieieieeesetceeee ettt 84

Appendix C: Table of data reqUITEMENLS ........ccceoeruiriiiiiieieierenieere ettt 86

Appendix D: Abbreviations and ACTONYIMS .......ccccoiruerieieieieneniiniene ettt eeeeenens 91

Appendix E: Abbreviations used in MONERIS...........cccoooiiiiiiiiiniieeeeeeeeeee e 94



Contents iii

1T Application of MONERIS within the Danube river basin .........cccceeeccnneeccccvnnnccnens 100
II.1 Characterization of catchment area ..........eecveeeiieecnseeinseecssnecssneecssnnecssseecssnees 100
IL1.T  Spatial iNPUL data.....ccceeeiieeeieeiieecie ettt e e e et e e seaeestbeessaeessseesssaensseessseennses 100
II.1.2  Data for calculating point SOUICE EMISSIONS .......cc.eerueerreerierreerierienteenteeteeteeeesteesteeeeeaeseeeneee 101
II.1.3  Monitoring data fOr SUITACE WALET ..........ccccvieriieriieiiierie ettt sae e sbeeesbeeseaeeeanas 101
II.1.4  Administrative and agricultural data ..............ooceiieiiiiiinii e 102
0 0 S T o OSSPSR 102
Map II.1 Administrative boundaries in the Danube River Basin ..........cccccoeeeveeviienciieniiennenns 103

Map I1.2 Elevation and main river network in the Danube River Basin ............cccoeevvevvvennenns 104

Map I1.3 Slope in the Danube River Basin ..........cccecvviiiiiiiiienieeriiecie et 105

Map I1.4 Catchments and analytical units in the Danube River Basin ..........ccccccvevevienirennnnns 106

Map I1.5 Land cover in 2000 within the Danube River Basin..........cccccevveerieeniiencieenieeieens 107

Map I1.6 Soil texture in the Danube River Basin.........cccceovvieiiieniieniieiieccie e 108

Map I1.7 Soil erosion estimates on arable land in the Danube River Basin ............ccccccvveeueenee 109

Map I1.8 Hydrogeology in the Danube River Basin.........c..cooceeviiiiiiiniiniiniiiiecieceeeen 110

Map I1.9 Long-term precipitation in the Danube River Basin (1951-2004).........ccccceevvvennnene 111

Map I1.10 Long-term runoff in the Danube River Basin (1931-1970)........cccceevvveviienvrennenns 112

Map II.11 Long-term tot. atm. N deposition in the Danube River Basin (1980-2000) ............ 113

Map I1.12 Population density and city size in the Danube River Basin............ccceeeuvevvvennenns 114

Map I1.13 Waste water treatment plants in the Danube River Basin .........cccccoevvvevciieniiennnnns 115

Map II.14 Monitoring stations in the Danube River Basin ..........ccccevvveeiiieriieniieniienieeeeens 116

II.2 References 117
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Disclaimer

Production of this document has been funded wholly or in part by the Leibniz Institute for
Freshwater Ecology and Inland Fisheries (IGB). Mention of trade names or commercial prod-
ucts does not constitute endorsement or recommendation for use by the IGB. The MOdelling
Nutrient Emissions in Rlver Systems (MONERIS) described in this manual is applied at the
user’s own risk. Neither the IGB nor the system authors can assume responsibility for system
operation, output, interpretation, or use.

. General model description

1.1 Introduction

MONERIS is a multipurpose environmental model system for use by regional, state (e.g.
Umweltbundesamt) and local agencies in performing watershed- and water-quality-based
studies. It was developed at IGB to address three objectives:

e To identify source of nutrient emissions on a regional basis
e To analyze transport and retention of nutrients in river systems
e To provide a framework for examining management alternatives

Because many states and local agencies are moving toward a watershed-based approach
within the Water Framework Directive of the European Union (WFD), the MONERIS system
is configured to support environmental and ecological studies in a watershed context. The
system is designed to be flexible and can support analysis at a variety of scales.

The Geographical Information System (GIS)-oriented Model MONERIS (Modelling Nutrient
Emissions in River Systems) was developed to estimate nutrient inputs by point and various
diffuse sources into rivers with catchments larger than 50 km?. MONERIS was also conceived
as a system for identifying reduction needs to meet applicable water quality standards (target
concentrations) by using different scenario options. The computation of target concentrations
requires a watershed-based approach that integrates both point and diffuse sources. MON-
ERIS can support this type of watershed-based point and diffuse source analysis for nutrients.
Analysts can efficiently run a variety of different management options. With many of the nec-
essary components together in one system, the analysis time is significantly reduced, a greater
variety of questions can be answered, and data and management needs can be more efficiently
identified. Users are encouraged to provide the MONERIS working group at IGB with com-
ments and recommendations for further development.
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1.2 System Overview

.2.1 Basic structure for model application

The model MONERIS (MOdelling Nutrient Emissions in RlIver Systems) is an empiric
conceptional model, which allows the quantification of nutrients emissions via various point
and diffuse pathways into river basins (BEHRENDT et al., 2000; 2002a; 2002 b). It was devel-
oped in the research group of the Leibniz-Institute of Freshwater Ecology and Inland Fisher-
ies (IGB Berlin). The basis for the model are data on runoff and water quality for the studied
river catchments and a Geographical Information System (GIS) integrating digital maps as
well as extensive statistical information for different administrative levels. The application of
MONERIS allows a regionally differentiated quantification of nutrient emissions into river
systems which can be shown in GIS generated maps.

Since 2007 MONERIS has a new model surface based on VBA — programming. Furthermore,
a scenario manager was developed, which has the capability to calculate the effect of meas-
ures on the nutrient input into river systems for different pathways and for different spatial
bases. During the last years MONERIS
was applied for many European river

Nutrient balance of the
agricultural area

systems (e.g. Axios, Elbe, Danube,

Daugava, Po, Rhine and Vistula, Odra; Nutrient surplus in the topsoil
see BEHRENDT et al., 1999; 2003a; &
2003b; SCHREIBER et al., 2005; utrient leaching
BEHRENDT & DANNOWSKI, 2005) and

the total area of Germany (BEHRENDT et
al., 2000) as well as currently in river
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China.
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waters are caused by the sum of differ- Nutrient emissions into the river systems
ent pathways, which are realised by : : : :

. Nutrient retention and losses in the river systems
separate flow components (see Fig-
ure 1.2.1). The distinction of these indi- Nutrient load in the rivers

vidual components is necessary because
both the concentrations of materials and _
the processes are at least clearly distin-
guished from one another. Conse- Figure 1.2.1: Pathways and processes in MONERIS
quently, seven pathways are considered
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within the MONERIS model:

» point sources (discharges from municipal waste water treatment plants and direct indus-
trial discharges)

inputs into surface waters via atmospheric deposition

inputs into surface waters via groundwater

inputs into surface waters via tile drainage

inputs into surface waters via paved urban areas

inputs into surface waters by erosion

YV VV V V V

inputs into surface waters via surface runoff (only dissolved nutrients)

Furthermore, the retention in rivers, divided in main rivers and tributaries is calculated and
enables a comparison of the input calculations with the observed river loads.

1.2.2 Temporal and spatial resolution

Basis of the spatial resolution are analytical units (which are sub-catchments in a river basin).
Originally the spatial discretization of catchment areas was designed for sub-catchments >
500 km?. Mathematically it is possible to run the model on a spatial resolution of 1 km?, but
due to the needs of calibration a minimum level of 50 km? could be realized at present. The
temporal discretization could be yearly or monthly, depending on the conceptual formulation
of the problem. The integration of a monthly discretization is currently progressing.

1.2.3 Emission method of MONERIS

Based on the analytical units (see Chapter 1.4.1.1.1), the flow direction (flow tree, see chapter
1.4.1.1.2) for every analytical unit is defined on the base of hydrological data and topology of
the river system. Subsequently, the runoff from each analytical unit (chapter 1.4.1.1.4) can be
proceeded on the basis of further hydrological data (e.g. precipitation data) and observed run-
off. On the base of these results the waterbalance for the different pathways of the analytical
units can be calculated with the model MONERIS.

1.2.3.1 Point source emissions

Point source emissions originate from municipal waste water treatment plants (WWTP) and
direct discharges from industrial plants. For Germany, the regional based estimation of nutri-
ent discharges from WWTP is based on the area-based GIS inventories for 1999. Since this
inventory does not cover all treatment plants, the discharges from smaller treatment plants
were determined on the basis of district based state information on outflow nutrients. For
these, an almost equal division on the urban areas was employed and the specific inputs of the
smaller treatment plants were multiplied by the area of the catchment. These values were then
added to the treatment plant inventory. The advantage of this inventory is that the reference to
the geographical position of the WWTPs is given.
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The direct discharges from industrial plants for the period 1998 to 2000 were calculated on
the basis of the results of the studies of ROSENWINKEL & HIPPEN (1997) for 1995. In addition,
it was assumed that the discharges in individual catchments in 1999 changed in the same
manner as those via municipal waste water treatment plants. Based on the data of the “DATEN-
FORSCHUNGSZENTRUM” OF THE STATISTICAL STATE OFFICES (2007), where data of e.g. the
nutrient inputs of all WWTPs are listed, these data could be obtained for all communities in
Germany for 2004. So, the total amount of inputs of WWTPs is now possible to calculate. For
other countries a database should be made available from the local authorities.

1.2.3.2 Diffuse source emissions

The inputs via diffuse sources occur via five pathways:

> Atmospheric deposition on the water surface area: The basis for the estimation of direct

inputs into freshwaters by atmospheric deposition is the knowledge of the water surface
area of a basin which is connected to the river system (chapter 1.4.1.2) and the annual
deposition rates.

» Erosion runoff: The sediment and nutrient input via erosion is calculated only for these
areas, which are relevant for the soil loss into rivers. The erosion module was validated
with the suspended load and with the particular phosphorous load of the rivers.

» Surface runoft: The surface runoff is calculated on the base of the surface runoff (Chap-
ter 1.4.1.1), percentage of arable land, grassland and open areas with defined concentra-
tions of nutrients in the surface runoff for these land uses.

> Paved urban areas: Inputs via paved urban areas are calculated under consideration of

the regional differences in the sewage system as well as the degree of storage capacities
of the mixed sewage systems.

> Tile drainages: The proportion of drained areas is determined on the base of digitalised
drained areas for representative areas, soil type and soil water conditions. Nutrient in-
puts into rivers are calculated on the base of the values for summer and winter drainage
discharge and the nutrient balance of the agricultural area.

> Base flow/Interflow: Nutrient inputs via base flow are calculated on the base of the nu-

trient balance of the agricultural area and the nitrogen concentration in the groundwater
with aid of a retention function depending on hydrogeological conditions, seepage rate
and the nutrient balance under consideration of the spacious retention times in the
catchment area.

Additionally, a method is developed to quantify the nutrient retention in the surface water
depending on the hydraulic load and the specific runoff of the river system (BEHRENDT et al.,
2000) and modified by VENOHR 2006. Hence, a quantification of the nutrient load is possible
on the basis of the nutrient inputs into rivers and consequently, a direct comparison with the
calculated load of the discharge measurements and the nutrient concentration of the gauges.
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1.3 Requirements

1.3.1 Personal requirements

For the optimal application of MONERIS the user should be aware of the considerable per-
sonal requirements. The valuation of the MONERIS results presumes a broad user’s knowl-
edge of the context and the interactions of physical, chemical and biological processes in river
systems. In particular the user should have profound knowledge of standard software applica-
tions (e.g. Microsoft EXCEL 2003) and the ability to assess the input data due to their usabil-
ity and reliability. Finally one should be able to formulate the objectives of a given problem in
such a way that it fits with the functionality of the MONERS model system. Each application
needs a careful consideration, if the expectations of the obtained simulation results are appro-
priate with regard to the available input data and the particular features of the simulated river
system. The reliability of the model results depends on the quality of input data as well as the
methodic approaches which were chosen to acquire and describe the relevant processes in the
specific river system.

MONERIS Version 2.0 is designed for different user levels. According to the individual ob-
jective and prerequisites it enables people to work with MONERIS as

> VIEWER (selection, combination and application of predefined scenarios as well as
viewing and exporting the application results without the possibility of changing the
formulas)

> MODELLER (access to all options of the VIEWER environment, possibility of loading
new data, modification of scenario thresholds, modification of used parameters that will
be indicated in the surface )

» MODIFIER (access to all options of the VIEWER and MODELLER environment, pos-
sibility to modify used equations, possibility to change and save modified values as
standard)

The present version of the manual focuses on the VIEWER level mainly.

1.3.2 Hardware and software requirements

During the conception and designing of MONERIS special attention was paid to the extensive
application by using the widespread software of Microsoft-Office. Hence MONERIS has no
software of its own but can be applied by using MS-EXCEL and can be operated on IBM-
compatible personal computers (PCs) equipped with the software, random access memory
(RAM), virtual memory, and hard disk space presented in Table 1.3.1.
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Table 1.3.1: MONERIS Hardware and Software Requirements

Hardware / Software Preferred Requirements

Processor 1.6 GHz

Virtual memory space 1GB

Random access memory (RAM) 1024 MB RAM

Operating system WINDOWS 2000, XP

ARC View 3.2

ARC GIS 9.0

Spreadsheet software MS-Office EXCEL 2003 is an indispensable
requirement since MONERIS 2.0 does not
run with EXCEL 2000 or later versions

1.3.3 Data requirements

This chapter provides a general overview of the required input data. A detailed description of
the data requirements of MONERIS is given in chapter 1.7, appendix C.

1.3.3.1 Spatial input data

For the application of MONERIS the following data are needed as geo-referenced datasets
that could be integrated into a GIS. Since MONERIS is able to compute not only small sized
(e.g. river Stor in North Germany, catchment size of 1,135 km?) but even large sized river
basins (e.g. Danube river basin with a catchment size of 800,000 km?) the efforts of data
searches depend on the chosen scale and the desired resolution. For GIS presentation of these
data and the calculation results a uniform projection has to be chosen, e.g. in Central Europe
the projection Lambert Equal Area Azimuthal projection with the central meridian 20° E and
the latitude of reference 55° N.

> The river network is needed to calculate the water surface area (WSA). Maps like
CORINE are not sufficient. The necessary information can be taken from various
sources such as digitized topographical maps. For general overviews the Environmental
Research Systems Institute (ESRI) “Digital Chart of the World” (1:1 Million,
1991/1992) is advisable.

> For the delineation of the investigation area with catchment boundaries and its subdi-
vision into sub-catchments (= analytical units in MONERIS) it is necessary that the
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runoff of all analytical units can be aggregated in the framework of a flow tree with a
definite flow direction. The size of the analytical areas can be determined according to
the objective of research and the data availability. If official catchment boundaries are
not available the boundaries can be generated from the digital elevation model (e.g.
SRTM-DEM data) by using "Arc Hydro Tools™ from ARC GIS. The generation of the
catchment boundaries can also be executed according to the position of the river moni-
toring stations. Therefore the geographical location of the monitoring stations in the
river network as well as the location on the left or right river-bank are essential informa-
tion.

> The digital elevation model (SRTM-DEM) from the United States Geological Survey
(USGS) has a resolution of 3 arcsec (about 90 m x 90 m) and can be used for the de-
lineation of the catchment borders and to give an overview of the relief in the river ba-
sin. The pathway of erosion requires input data with a spatial resolution of 100 m x 100
m, while for the estimation of the water surface area a grid of 1 km x 1km is necessary
(chapter 1.4.1.2).

> For land use classification, data from CORINE Land Cover (CLC) (European Envi-
ronment Agency (EEA 1995) with a resolution of 100 m x 100 m can be used. The
original classes of CORINE Land Cover (CLC) have to be aggregated for calculation to
several classes as shown in chapter 1.7, appendix C, Table C.3. If the information on
land use for the investigation area is missing from CORINE, additional information on
land cover can be taken from the USGS (United States Geological Survey, GLCC - Ver-
sion 2, 1997) (Map2.5) and can be used to identify land use classes according to
CORINE land cover. The spatial resolution of the USGS land cover map is
1000 m x 1000 m (based on 1-km AVHRR data spanning April 1992 through March
1993).

> Physico-chemical soil parameters can be derived from a digital Soil Map e.g. the soil
map of the World (DSMW, FAO 1997) based on the FAO/UNESCO Soil Map of the
World. The original scale of 1:5 000 000 can be used in terms of physico-chemical pa-
rameters such as soil texture (fen, bog, sand, silt, clay) drainage class as well as clay and
nitrogen content in the upper soil layer. The data input for erosion can be provided by
digital maps such as from the National Institute of Public Health and the Environment
(RIVM) (1995) based on the Universal Soil Loss Equation (USLE) with a resolution of
1 km.

> A hydrogeological map is necessary for the differentiation of consolidated and uncon-
solidated rock regions as well as the depth of groundwater table (near and remote
groundwater resources) within the river catchment area.

> The hydrometeorological input data can be obtained from interpolated distribution of
precipitation data (monthly values of one arc/degree) available from the Global Precipi-
tation Climatology Centre (GPCC). Maps of mean annual precipitation and mean an-
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nual runoff as well as the data for summer and winter periods can be derived from these
data.

> Data on atmospheric deposition of nitrogen oxides and ammonium with a resolution of
50 km for the years 1989-2004 can be received from the results of the Co-operative
Programme for Monitoring and Evaluation of the Long-Range Transmission of Air Pol-
lutants in Europe (EMEP) coordinated by the Chemical Coordinating Centre (CCC)
(Norwegian Institute for Air Research, NILU) and are needed for calculating the total
nitrogen deposition in the investigated area.

> The digital maps of the administrative areas (districts, regions, and countries) in the
river Basin are an essential information to derive population information and N-surplus.

» Concerning the population data absolute numbers are required for each analytical unit.
In addition, a further map of population density can be created from the LandScan 2000
Global Population Database developed by Oak Ridge National Laboratory (ORNL).
The LandScan data set is a worldwide population database compiled on a 30" X 30"
latitude/longitude grid. Census counts (at sub-national level) were apportioned to each
grid cell based on likelihood coefficients which are based on proximity to roads, slope,
land cover, night time lights, and other data sets. The LandScan files are available via
the internet in ESRI (Environmental Research Systems Institute) grid format.

1.3.3.2 Data for calculating point source emissions

For the emission from point sources the inventory of industrial discharges should include the
most relevant types of industry: food-, chemical-, pulp and paper-, fertilizer-, mining-, iron
and steel-, metal surface treatment-, textile-, leather industry and large agricultural plants.
Further a digital map with the location of waste water treatment plants (WWTP) and indus-
trial dischargers based on available inventories is needed. Also the portion of people con-
nected to sewers and WWTP has to be implemented to the data base. Typical values included
in the emission inventory of municipal discharges alongside the information regarding name
of discharger, geographical location, river basin and main river are:

» raw water load (TPE)

> current treatment

> current capacity of WWTP (TPE)

> volume of wastewater discharge (m3/a)

> total load discharged into receiving waters (t/a)

» Plant capacity as inhabitant equivalents
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1.3.3.3 Monitoring data for surface water

The water quality database should comprise fortnightly and monthly values of concentration
and daily or weekly discharge starting from the source of the river downstream to the outlet.
Investigated nutrients for the calculations are Ammonia (NH,), Nitrite as Nitrogen (NOy),
Nitrate as Nitrogen (NOs), Phosphates (PO,), Total Phosphorus (TP). Data on temperature is
needed for nitrogen retention.

If the discharge was measured at another than a water quality station, some size proportional
correction is necessary. To calculate the discharge at the water quality station the flow at the
discharge monitoring station is multiplied with a conversion factor, which has to be deter-
mined from the relationship of the catchment areas of water quality monitoring and discharge
monitoring stations (chapter 1.4.1.1.2).

1.3.3.4 Administrative and agricultural data

Administrative data have to be collected at the municipality or district level. Data on popula-
tion, cultivation and livestock numbers for municipalities or districts should be available in
tabular form. Administrative boundaries are needed to aggregate data on population and its
proportions as follows:

- population connected to wastewater treatment plants (WWTP) and sewers
- population connected to sewers only

- population without connection to sewers.
Furthermore information on shares of combined and separate sewer systems is needed.

The derivation of the top soil nutrient surplus on agricultural areas at a district level is esti-
mated according to the OECD methodology (OECD, 1997) and based on the statistical data.
Information on tile drainage can be made available from different sources. For those regions
where such information was missing, the percentage of tile drained areas can be estimated on
the basis of the FAO soil map and figures given in this database on drainage capacity for the
different soils. For more details see chapter 1.4.2.2.5.
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1.4 Methodology and model description
.41 Water balance computation
1.4.1.1 Runoff within the catchment area

1.4.1.1.1 Hierarchical subdivision of modeling units

The subdivision of the river basin starts with the “analytical unit (AU)” as the smallest
modelling unit of the MONERIS approach. The aggregation of all analytical units will finally
lead to the river basin district (RBD) in the sense of the Water Framework Directive (WFD).
As demanded by the Water Framework Directive 2000/60 EC (WFD, Art. 3.1; see EUROPEAN
CoMMISSION 2000) the Member States shall identify the individual river basins lying within
their national territory and, for the purposes of the Directive, shall assign them to individual
river basin districts. Therefore it is necessary to connect the MONERIS approach to the WFD
requirements to build up a hierarchical system of the river network within a given river basin.
This bottom-up structuring has to consider the definitions of sub-basin and river basin given
by WFD articles as follows:

Analytical unit (AU): the smallest modelling unit within the MONERIS system
Catchment (CAT): sum of analytical units
Sub-unit (SU): proportion of an administrative unit (e.g. country) in a given sub-basin

Sub-basin (SB): the area of land from which all surface runoff flows through a series of
streams, rivers and, possibly, lakes to a particular point in a water course (normally a lake or a
river confluence, WFD, Article 2, 1.4)

River basin (RB): the area of land from which all surface runoff flows through a sequence of

streams, rivers and, possibly, lakes into the sea at a single river mouth, estuary or delta.
(WFD, Article 2, 1.3)
River basin district (RBD): the area of land and sea, made up of one or more neighbouring

river basins together with their associated groundwaters and coastal waters, which is
identified under Article 3 (1) as the main unit for management of river basins (WFD Article
2,1.5)

Small river basins may be combined with larger river basins or joined with neighbouring sub-
basins to form individual river basin districts where appropriate. Coastal waters shall be
identified and assigned to the nearest or most appropriate river basin district. The presented
structuring of the river basin is shown in Figure 4.1.
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Figure I.4.1: Schematical subdivision of different modelling units.

a = Analytical Units (AU) b = catchment of AU’s ¢ = Sub-unit (SU)

d = Sub-basin (SB) e = River basin (RB) f = River basin district (RBD)

1.4.1.1.2 Flow tree

Basis of the emission and retention calculation are analytical units distinguished for an e.g.
river systems or administrative borders. For these analytical units a flow tree has to be
defined, which defines the flow direction for every analytical unit. So every catchment has to
be allocated to the next downriver laying catchment.

The flow tree is designed on base of adequate Maps of the analytical units and the river
system. To allocate the analytical units, new fields (From Id, To ID, Split ID, Comments)
have to be added to the dbase-table of the analytical units dataset. Whereas the From_ID field
defines an ID for the analytical unit, the To ID refers to the downriver laying analytical unit,
to which the defined analytical unit discharges. A lower From_ID should always dewater to a
higher To ID as the ID is also used as a sorting criteria (I.4.2). Thus the outflow of a certain
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river basin is characterised by the highest ID of the basin. In general it is recommendable to
start the allocation process in the furthermost analytical unit with regard to the outflow of the

river basin.

osplit 1D | Comments
1 3 a
2 ] a
3 o a

Figure 1.4.2: GIS based FNE generation

If an analytical unit dewaters into two different downriver laying analytical units (e.g. through
a canal or a bifurcation) a Split_ID has to be set (Figure 1.4.3). In Figure 1.4.3 for example, an
analytical unit (yellow) dewaters through a canal to another analytical unit (green) as well as

to a downriver laying analytical unit. In this case, a Split ID has to be set:

d
D4

From_ID | To_ID | Split_ID | Comments
L N Elbe-Weser-
26 28 66 Canal

Figure 1.4.3: Splitting of the River course
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In some cases additional information are necessary to set the Split ID, concerning e.g. the
flow direction of the canal.

If an Analytical unit dewaters into the ocean an eye-catching ID (e.g. 99999) has to be set as
To_ID. It is recommendable to comment the ID by using the comments field of the table (e.g.
“Coast Elbe”).

Special difficulties exist when the course of a river is identical (besides possible differences
caused by digitising) with the course of the border between two different analytical units, e.g.
because of country borders (Fig. 1.4.4). In this case, the river has to be allocated to one of both
areas completely.

It is relevant to use the same procedure for the FNE (Flow-Net-Equation) and WSA (water
surface area) allocation.

Figure 1.4.4: Border Rivers

1.4.1.1.3 Flow-Net-Equation

The Flow-Net-Equation (FNE) is the conversion of the flow tree information in formula for
the usage in MONERIS. It describes the topology of the riversystem.

So for every analytical unit the following information are generated:

> ID of the respective analytical unit,
> the ID into which it dewaters,
> the catchment area of the respective analytical unit and

> the catchment area of all analytical units, which contribute to the runoff of the
respective analytical unit

A first evaluation of the results of the FNE can be carried out by using the BasicInfo
worksheet. Therefore the catchment areas, which were specified with the data of the
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monitoring stations have to be compared with the catchment areas (without splitting) of the
monitoring stations generated by the FNE. In general a high degree of compliance between
the specified and generated catchment areas of the monitoring stations is desirable. Although
a deviation up to the factor “2” could be acceptable, for example if the gauge station captures
only a part of the discharges of the catchment area (this could be the case if the station is
located at one of the tributary river).

However, it is recommendable to control the FNE of the gauging stations with deviations >1.5
to improve the performance of the runoff calibration process. Potential discrepancies can be
caused due to an erroneous allocation of the analytical units in the course of the data
preparation for the FNE or due to a faulty allocation of the monitoring stations.

.41.1.4 Runoff calibration

To run MONERIS, (annual) values for the runoff for every analytical unit are indispensable.
If no other model results for the runoff are available, a procedure for the runoff calibration
developed at the IGB conducted by N/ETP runoff balance can be used.

To calibrate the runoff, beneath the FNE, information about annual precipitation, mean
evapotranspiration and discharge at the gauge stations are necessary. Firstly, the mean runoff
is calculated with averaged values (which is used e.g. for scenario calculations). To derive the
annual runoff, annual values for precipitation and the discharge at the gauge stations were
used. Because of mean values for evapotranspiration, factors were used to adopt the mean
evapotranspiration to annual values.

1.4.1.2 Calculation of water surface area

The area of all surface waters within a catchment has to be quantified for the calculation of
the nutrient retention in the rivers and lakes and for the calculation of the atmospheric
deposition on the water surface.

The water surface area is generally available in the landuse data set in GIS. But there is one
disadvantage, usually only the lake surface and rivers with high widths have aerial
information, while smaller rivers are stored as linear elements, where only the river length can
be obtained.

Therefore an approach was developed by VENOHR et al. (2005) for the estimation of the mean
river width of main rivers and tributaries. The river width is calculated as dependent on the
total catchment area, specific runoff and mean slope of the catchment (Equation 1.4.1).

Ky, 1rIB2 Knir1.1riB3 lkMRl.TRIB4
" Au

RW i 1rm = Kaamr wis * Araucau " rau, A (Eq.1.4.1)
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with RWyr tris = calculated mean river width (m)
ATy au = total catchment area (TAu) and analytical unit (Au) (km?)
Oriuu = gpecific runoff of the total catchment (T Au) and analytical
unit (Au) (1/(s'’km?))
Sy, = mean slope of the analytical unit (Au) (%)
kur TrRIB = modell coefficient (-)

For the calibration and validation approx. 500 river systems with different
hydromorphological characteristics in Europe were taken. The calibration was performed on
the base of river width measurements as well as on the river width given in detailed river
maps.

The surface area of the rivers is added to the water surface of the lakes, differentiated for main
and tributaries (Equation 1.4.2). The river length of tributaries was determined for every
analytical unit on base of the difference of all river lengths in the map and the lengths of the
main river.

So the total area of the water surface of an analytical unit is:

WSA =RW -FL + A
RWoge 1 MR,TRIB MR,TRIB T ALake (Eq. 1.4.2)

with  WSArw= calculated area of the surface waters differentiated in main and tributary river (m?)
RW = river width of main rivers (MR) and tributary rivers (TRIB) (m)
FL = River length main rivers (MR) and tributary rivers (TRIB) (m)

ALake = surface area of lakes in main rivers (MR) and tributary rivers (TRIB) (m?)

The calculated total area of the surface waters was verified with statistical data of german
counties.

For the calculation of the surface water area it is important to consider, that with an increasing
scale of the maps the generalisation is increasing as well, so that small rivers and meanders
are missing. Thus the real area of the surface water is underestimated. Therefore the river
lengths in maps with different scales were compared and scale factors for main rivers (Syz)
and tributary rivers (Szg;z) were deduced. For the comparison different maps in the scale of
1:25.000, 1:100.000, 1:250.000 and 1:1.000.000 is used. Data were available for 87 german
catchment areas. It was assumed, that all rivers in the real lengths are given in the scale of
1:25.000.

With consideration to the scale factor the following equation for the calculation of the water
surface area is conducted (Equation 1.4.3)

WSA =S -RW -FL + A
RWy s MR,TRIB MR,TRIB MR,TRIB T ASEE (Eq. 14.3)
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Table 1.4.1: Scale factor for different maps divided in main rivers (MR) and tributary rivers (TRIB)

Scale factor

map

Scale STRIB Smr
DTK25 25000 1,00 1,00
UBA1000 100000 1,83 1,11

UBA-OSU1000 100000 2,10 1,11

DLM250 250000 323 1,11
1000000
DLM1000 2,99 1,13
(250000)
BART1000 1000000 8,40 1,18
DCW1000 1000000 6,28 1,17
1.4.2 Quantification of nutrient emissions
1.4.2.1 Nutrient emissions from point sources

1.4.2.1.1 Wastewater treatment plants

The basis for the estimation of the phosphorus and nitrogen inputs from municipal
wastewater treatment plants (WWTPs) is the determination of the necessary entry parameters
(see chapter 1.7, annex C). The individual nutrient inputs from municipal wastewater
treatment plants (WWTPs) are based on a GIS-supported inventory (e.g. list of individual
WWTP with allocation to the analytical unit). It comprises the information as given in chapter
[.5.3 (Table I.5.18 and 1.5.19).

The annual quantity of treated runoff from WWTP is separated into industrial and commercial
wastewater (QCOM), external water (QEX) and total wastewater (QTOT).

The population connected to a WWTP can be estimated depending on the size of the WWTP
according to the sewage statistics for the rivers. The loads from wastewater treatment plants
are calculated as the product of the mean nutrient concentration and the mean annual
discharge.
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EWW, =86.4-365-0,,, -(CWW,) (Eq. 1.4.4)
with EWWy = nitrogen emission from wastewater treatment plants (t/yr)

Qww = water discharge of the wastewater treatment plant (m?/s)

CWWy = concentration of nitrogen in wastewater (mg/1)
EWW, =86.4-365-0,,, - CWW, (Eq. 1.4.5)
with EWW5 = phosphorus emission from wastewater treatment plants (t/yr)

CWWrp = concentration of total phosphorus in wastewater (mg/I)

The N and P emissions of a WWTP can be estimated based on different methods for each
plant depending on the data available. For all WWTPs the emissions can be estimated on the
basis of inhabitant-specific nutrient emissions and the treatment efficiency for different types
of wastewater treatment (see Table 1.4.2).

Table 1.4.2: N removal performance for various types of treatment plants

Plant type N removal (%)
Wastewater pond (unaerated) 50
Wastewater pond (aerated) 30
Activated sludge plant 30
Mechanical treatment 10
Submerged trickling filter/Percolating filter 25
Treatment using plants 45
Nitrification 45
Denitrification 75

If detailed data for the emissions from municipal wastewater treatment plants are not
available, than the emissions for the population connected to the unknown WWTPs have to be

calculated.
EWW, =86.4-365-IN .,y - EIN, - RR,, (Eq. 1.4.6)
with INcon = connected inhabitants
EINy = inhabitant-specific nitrogen output (g N/(inh.-day))
RRy = nitrogen removal rate ( %)
EWW, =86.4-365-INy - EIN, - RR, (Eq. 1.4.7)
with  INcon = connected inhabitants
EINp = inhabitant-specific phosphorus output (g N/(inh.-day))
RRp = phosphorus removal rate (%)

1.4.2.1.2 Direct industrial discharges

Available data on direct industrial inputs have to be identified separately and will not be
considered for scenario calculations.
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1.4.2.2 Nutrient emissions from diffuse sources

1.4.2.2.1 Nitrogen surplus and Phorphorus-Accumulation

The soil surface balance calculates the difference between the total quantity of nutrient
inputs entering the soil and the quantity of nutrient outputs leaving the soil of the agricultural
area annually. The calculation of the soil surface balance is a modified version of the so-
called “gross balance” which provides information about the complete surplus (deficit) of
nutrients into the soil, water and air from an agricultural system. Different approaches exist
for the calculation of the nutrient balances on national and international level. The
calculations are based on the agricultural statistics and nutrient equivalents for livestock and
crops. The estimate of the annual total quantity of nutrients inputs for the soil surface
nitrogen and phosphorus balances, includes the addition of statistical data (e.g. inorganic or
chemical nitrogen and phosphorus fertilizer, livestock manure nutrient production etc.). The
estimate of the annual total quantity of nutrient outputs, or nutrient uptake, for the soil
surface nutrient balance additionally includes the quantity of harvested and forage crops.

Based upon these parameters and the coefficients of nitrogen fixation and specific N and P
uptake the nutrient surplus in the agricultural area can be estimated by the following
equations:

> Nutrient Input Fertilisers + Net Input of Manure + Other Nutrient Inputs

» Nutrient Output Total Harvested Crops + Total Forage

> Nutrient Surplus = Nutrient Outputs — Nutrient Inputs

> Nutrient Surplus per Nutrient Balance(tonnes of nutrient) divided by the Total

Hectare Agricultural Land Area of Agricultural Land (hectares)

Because these balances can be calculated only for reference years on base of the agricultural
statistics, the results have to be transferred to a yearly result:

NS., = NS, NSeer (Eq. 1.4.8)
NS cry
with NS¢y = calculated Nitrogen surplus per year per AU (kg/(ha-yr))
NSp = detailed N-surplus for a reference year (kg/(ha-yr))
NS¢ = longterm time series with N-surplus for countries
(counties for Germany) (kg/(ha-yr))
NScey = countrywide N_surplus of the calculated year (kg/(ha-yr))
NScry = countrywide N_surplus of the reference year (kg/(ha-yr))

Nutrient balances of the agricultural area on a district level can be obtained from the OECD
methodology (OECD, 1997) based on the statistical data (FAO, 2007). National calculations
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are obtainable for example for Germany from the Federal Agricultural Research Centre
(LANGE et al, 2006) or the University of Gie3en (BACH et al., 2003).

1.4.2.2.2 Nutrient emissions via atmospheric deposition

Input data for the estimation of direct inputs into freshwaters by atmospheric deposition are:
> the area of all surface waters within a basin connected to the river system
> the P-deposition rate and N-deposition rate

The method to calculate the water surface area is described in chapter 1.4.1.

For Europe, the deposition values for nitrogen, the results of the EMEP program, are available
as grid maps with a cell size of 50 km as NOx-N and NH4-N deposition in kg N/(ha-yr). Other
data, e.g. national data with a better resolution are also available, e.g. for Germany (GAUGER
et al., 20006).

The deposition data have to be overlaid with the catchment boundaries for the estimation of
the mean NOx-N and NH4-N deposition within the catchments.

Total P-deposition rate - depending on land use of the concerned area - may be between 0.3
and 3.0 kg P/(ha-yr). On the base of statistical data analysis (BEHRENDT et al., 2002) a mean
value of 0.37 kg P/(ha-yr) is used for European catchments. For other countries the value can
be changed on base of statistical data.

The nutrient inputs via atmospheric deposition are calculated from the product of the area-
specific deposition and the mean area of surface waters in a catchment.

EAD, , = 4, -DEP, , (Eq.1.4.9)

with EADyp = nutrient emissions via atmospheric deposition (t/yr)
DEPyp = area-specific deposition (t/(km?-yr))

1.4.2.2.3 Nutrient emissions via surface runoff

The inputs of dissolved nutrients by surface runoff were determined according to the scheme
presented in Figure 1.4.5.
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Figure 1.4.5: Nutrient emissions via surface runoff

The surface runoff is calculated with an approach developed by CARL & BEHRENDT (2003),
which  describes the surface runoff as function of the total runoff.
The results of this conceptual time series model are comparable with the results of the
hydrological models SWAT and DIFGA applied for the case study catchments within the
daNUbs-project (ZESSNER et al., 2003).

The function is given in the following equation (1.4.10):

Qro = 0.0426 - q 5 (Eq. 1.4.10)
with qro = specific surface runoff (1/(km?-s))
dc = average yearly specific runoff (1/(km?s))

The average yearly specific runoff qg is calculated for each analytical unit as the quotient
between the measured runoff (Q) and the area of the analytical unit. For the analytical units
the surface runoff is calculated from specific long-term total runoff for the catchments by
overlay of the catchment boundaries with the specific long term runoff. The total surface
runoff within a catchment can be calculated from the product of the specific surface runoff
with the total area. But it has to be considered that paved urban areas cause surface runoff,
too. Therefore the surface runoff from natural areas within the catchment is:

Oro =86.4-365-q1, - Arse — Ours (Eq. 14.11)
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with  Qgo = surface runoff from non-paved areas (m>/s)
Agzg = catchment area (km?)
Qurs = surface runoff of urban areas (m?/s)

The estimation of nutrient inputs via surface runoff considers only the dissolved nutrient
components transported with the surface runoff into river systems. The nutrient concentration
in surface runoff of every analytical unit can be estimated as area-weighted mean of the
concentrations in the surface runoff of the different land use categories and requires the
division of the agricultural areas into arable land and grassland. For the area-weighted
concentrations of nitrogen and phosphorus in surface runoft, the following is valid:

CROARN‘P 'AAR + CROGRASNVP 'AGRAS + CROFORN‘P 'AFOR + CROOPNVP 'AOP

Cros = At Asps + Ao + A
AR T Agras T Aror t Aop
(Eq. 1.4.12)
with  Croy, = nutrient concentration in surface runoff (mg/1)
Aar = area of arable land (km?)
AGras = grassland area (km?)
Aror = area of forest (km?)
Aop = open area (km?)
Croary p = nutrient concentration in surface runoff from arable land (mg/1)
CroGRrasy p = nutrient concentration in surface runoff from grassland (mg/1)
CroFory p = nutrient concentration in surface runoff from forest (mg/l)
Croopy p = nutrient concentration in surface runoff from open land (mg/1)
The nutrient input via surface runoff to the river system is therefore:
EROy , =Crpy Qo -86.4-365 (Eq.14.13)

with EROyp =..nutrient input via surface runoff (t/yr)

For the calculation of the emissions by surface runoff the nutrient concentrations given in
Table 1.4.3 are used for all analytical units (BEHRENDT et al., 2000).

Table 1.4.3: Nutrient concentrations in surface runoff for arable land, grassland and open areas

Use Nitrogen Phosphorus
[g/m? N] [g/m?® P]
Arable land 0.3+NDEP/NJ 0.8
Grassland Npep/Nj 0.2
Forest Npep/Nj 0.035
Open land Npep/Nj 0.035
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1.4.2.2.4 Nutrient emissions via water erosion

The estimation of nutrient emissions from soil erosion is shown in Figure 1.4.6 with

consideration of sediment inputs and the nutrient enrichment ratio.

For the calculation of soil erosion different maps of potential soil losses can be used,
depending on the availability of such maps. For larger river basins in Europe the potential soil
loss map PESERA is available from JRC. But IGB has established also an own potential soil
loss map based on the NASA-SRTM DEM, CORINE landcover and the European Soil map
of the European Soil Bureau.

To be able to calculate long-term average on-site soil erosion according to USLE based on
soil losses, the sediment delivery ratio (SDR) of a catchment must be determined (WALLING,
1983; 1996). For the modelling of sediment input potentials of running waters, a GIS based
system was developed which allows the calculation of the area of a catchment to which
running water sediment inputs contribute. For that, a high-resolution digital data-set (river-
network, land-use, soil and elevation data) was used. Up to now, this is only possible for some
catchments, so a modification was required so that the data could be applied to other
catchments. For this, the relationship between the SDR and particular catchment
characteristics or parameters from the available low-resolution digital database was sought.
Using a non-linear multiple regression, beside slope the proportion of arable land is typically
identified as the parameter which has the greatest influence on the sediment delivery ratio
(SDR).

Soil utrient Content|| Digital Ele- Corine Soil Loss
Ma of Suspended | |vation Model| | Landcover Map
P Solids l l l
Slope Arable Land Soil Loss
(SL) (AAL) (SOL)

¥ ¥

Sediment Delivery Ratio

0.3 15
SDR =0.012- (SL-0.25) - AaL
Nutrient Content Enrichment Ratio Sediment Input
of Top Soil (ER) SED = SOL - SDR

v

Nutrient Input via Erosion
[tN/a], [tP/a]

Figure 1.4.6: Nutrient emissions via erosion
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The sediment delivery ratio for the sub-catchments is determined according to Equation 1.4.14
(BEHRENDT et al., 2000):

SDR =0.012-(SL., —0.25)"* - 4, (Eq. 1.4.14)
with SDR = sediment delivery ratio (%)

SLca = mean slope from USGS-DEM (%)

Aar = area of arable land from CLC (%)

The sediment input due to erosion for the river basins is then calculated according to
Equation 1.4.15:

SED = SOL - SDR (Eq. 1.4.15)
with SED = sediment input (t/a)
SOL = soil loss (t/a)

For the calibration of the SDR model for use over long time-periods, it is necessary to use a
weighting factor for two periods in consideration of the great variability of transport of
suspended particulates over time. This weighting factor is calculated from the relationship of
the number of heavy rain event days (according to ROGLER & SCHWERDTMANN,1981) in the
two periods considered to the number in the total period.

The P-content of surface soils in the two study periods was calculated on the basis of annual
P-surplus and its cumulative values for each German state for the period 1955 to 1996. The
starting value for the surface-soil P-content in the mid fifties is based on the information of
WERNER et al. (1991). The spatial differentiation of the starting value is based on the clay
content of the various soil types of the general soil map. The particular P-content of arable
soils for the two study periods is based on the previous P-accumulation in the individual states
and the spatially differentiated background content. For the calculation of N-emissions via
erosion, information on N-content of arable soils in the soil map is used.

The relationship of phosphorus content in particulates of rivers with high discharges to the
estimated P-content of surface soils is the basis for the determination of the enrichment ratio
(ER). With this it can be concluded that the ER 1is inversely proportional to the root of the
specific sediment input of a catchment.

For the TP and TN content of the topsoil the values derived from the soil map and long-term
accumulation of P in agricultural soils are used (see above).

The enrichment ratio is calculated according to the following equations from BEHRENDT et al.
(2000):

(Eq. 1.4.16)

-0.47
ER, =18. (ﬂj

A

with ERp = enrichment ratio for phosphorus
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(Eq.14.17)

-0.47
ER, =7.7- [ﬂ}
A

with ERy = enrichment ratio for nitrogen

The nutrient inputs by erosion are finally calculated as the product of the nutrient content of
soil, the enrichment ratio and the sediment input:

EER, =86.4-365-P,,, - ER, - SED (Eq. 14.18)
EER, =86.4-365-N,, - ER, - SED (Eq. 1.4.19)
with EERyp = nutrient input via erosion (t/a)

1.4.2.2.5 Nutrient emissions via tile drainage

The quantification of nitrogen and phosphorus inputs through tile drainage is based on the
size of the drained area, the amount of drainage water and the average nutrient concentrations
in the drainage water (Figure 1.4.7).

For the estimation of the size of drained areas within a basin three types of input data are
possible:

» Maps of tile drained areas

» Share of drained areas for soil types transferred from representative areas with
information about tile drained areas (BEHRENDT et al., 2000 or HIRT, 2005a,b)

> regional statistics for administrative areas, e.g. for municipals
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Figure 1.4.7: Nutrient emissions via tile drainage runoff

The drainage water volume is calculated according to KRETZSCHMAR (1977) under the as-
sumption that the drained water is the sum from 50 % of the winter and 10 % of the summer

precipitation:
Gpg =0.5-P,, +0.1- P, (Eq. 1.4.20)
with  qpr = specific drain water flow (mm/(m?*a))
Pwi = average precipitation in the winter half year (mm/(m?a))
Psu = average precipitation in the summer half year (mm/(m?*a))

This approach takes into account the regional different distribution of rainfall and the volume
of drainage water. On the basis of measurements, average P concentrations in the drainage
water for various soil types were determined. The results are shown in Table 1.4.4. The P
concentration in the catchments was calculated as an area-weighted mean on the basis of the
values in Table 1.4.4 and the areas of sandy soils, loams, fen and bog soils according to the

soil map:
CDRSP 'ADRS + CDRLP 'ADRL + CDRFP 'ADRF + CDRBP 'ADRB
Cpr, = (Eq. 1.4.21)
Apps + Appy, + Apre + Apps
with Cpgrp = drainage water phosphorus concentration (mg P/1)

Cprs, = drainage water phosphorus concentration for sandy soil (mg P/1)
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Corip
Corrp
Corap
Apgs

ADRL
ADRF

ADRB

= drainage water phosphorus concentration for loamy soil (mgP/1)
=..drainage water phosphorus concentration for fen soil (mg P/I)
=..drainage water phosphorus concentration for bog soil (mg P/1)

=..area of drained sandy soil (km?)
=..area of drained loams (km?)

= area of drained fen soil (km?)

= area of drained bog soil (km?)

Table 1.4.4: P concentrations used for drainage water for different soil types

Soil type Corp
(mg P/1)
Sandy soils 0.20
Loamy soils 0.06
Fen soils 0.30
Bog soils 10.00

The calculation of nitrogen concentrations follows the methods described in BEHRENDT et al.

(2000) and is based on the regionally differentiated N surpluses. From the N surpluses, the

leakage water quantity and the exchange factor, the potential nitrate concentration in the
infiltrating water is calculated according to FREDE & DABBERT (1998). This potential nitrate
concentration in the upper soil layer is reduced by a denitrification factor (DR) which was
estimated to 0.85 (BEHRENDT et al., 2000). The following equation is used for the calculation
of the nitrate concentration in drainage water:

Cor,,, , =864- (

Wlth CDRNO}-N
NSUR
DR
Lw

Ny ) -100
(Eq. 1.4.22)

nitrate concentration in drainage water (g N/I)

= nitrogen surplus of agricultural areas (kg N/(ha-yr))
= exponent for denitrification (0.85)

leakage water quantity (I/(m*a))

The emission via tile drainage can then be calculated from the product of the drained area, the

drain flow and the drain concentration:

EDRy , =86.4- Apy - qpp 'CDRN’P (Eq. 1.4.23)

with EDRN’ |

ADR

nutrient emissions via tile drainage (t/yr)

= drained area (km?)
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1.4.2.2.6

Nutrient emissions via groundwater

The nutrient inputs by groundwater are calculated from the product of the groundwater
outflow and the groundwater nutrient concentration and include the natural interflow and the

base flow. Figure 1.4.8 shows a scheme for the calculation of nitrogen emissions via

groundwater.

Nitrogen surplus on
agricultural area

N-surplus under
consideration of
retention time
in groundwater

soil map

\ 4

N-concentration
in seepage

ﬁ seepage water level

hydrogeological
map

\ 4

-
%»
-

N-retention in
unsaturated and
saturated zone

\ 4

N-concentration in

groundwater
[mgN/]

water balance
QGW= Q'QDR'QRO'QURB'QAD

v

\4

base flow & interflow
[/(km?a)]

v

nitrogen inputs via groundwater

[tN/a]

Figure 1.4.8: Nitrogen emissions via groundwater

The groundwater flow was calculated for each analytical unit from the difference of the total
runoff and the estimated sum of the other discharge components (tile drainage flow, surface
runoff, storm water runoff from paved urban areas, and atmospheric input flow):

QGW =0- QDR - QRO - QURB - QAD

with QGW = base flow and natural interflow (m?/s)
Q = average runoff (m?/s)
Qpr = tile drainage flow (m?/s)
Qro = surface runoff from non-paved areas (m*/s)
Qurs = surface runoff from urban areas (m?/s)

Qap = atmospheric input flow (m?%/s)

(Eq. 1.4.24)
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P-concentration in the groundwater
Groundwater concentrations of soluble reactive phosphorus (SRP) for the different soil types
are taken from BEHRENDT et al. (2000) (Table 1.4.5). Using these values, the P concentration
in the analytical units is calculated on the basis of the concentrations and the areas of sandy
soils, loamy soils, fen and bog soils as area-weighted average for the agricultural land
according to Equation 1.4.25:

CGWSSRP 'As + CGWLSRP 'AL + CGWFSRP 'AF + CGWBSRP ’AB

C _ Eq. 1.4.25
G AGsrr A+ A, + A, + A, (Eq-14.29)

with  Cgwacgsrp = groundwater SRP concentration for agricultural land (mg P/1)
Cowsgrp = groundwater SRP concentration for sandy soil (mg P/l)
CowLegp = groundwater SRP concentration for loamy soil (mg P/1)
Cowrgrp = groundwater SRP concentration for fen soil (mg P/I)

CowBgrp = groundwater SRP concentration for bog soil (mg P/1)
As = area of sandy soil (km?)

AL = area of loamy soil (km?)

Af = area of fen soil (km?)

Agp = area of bog soil (km?)

Table 1.4.5: SRP-concentrations in groundwater for various soil types

Soil type Use Expression Cow,
(g P/mr)
Sandy soils Agricultural land Caws, 0.1
Loam Agricultural land Cowt, 0.03
Fen soils Agricultural land Cawnwm, 0.1
Bog soil Agricultural land Cawnm, 25
Woodland/open areas Cawwaor, 0.02

In a second step, the average particular SRP concentrations in groundwater of the analytical
units are calculated as an area-weighted average from the SRP concentrations of agricultural
and non-agricultural areas:

_ CGWAGSRP 'AAG + CGWWOOPSRP 'AWOOP

CWop — (Eq. 1.4.26)
" AAG + AWOOP
with  Cgwsrp = SRP concentration in groundwater (mg P/1)
Cowwoopsre = groundwater SRP conc. for woodland and open areas (mg P/I)
Awoop = woodland and open area (km?)

Further it should be taken into account that there are clear differences between the
concentrations of soluble reactive phosphorus (SRP) and total phosphorus in anaerobic
groundwater (DRIESCHER & GELBRECHT, 1993). The concentration of TP for aerobic
groundwater is the same as the SRP-concentration, but for anaerobic groundwater is has to be
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taken in account that a difference between TP and SRP exist. According to BEHRENDT (1996)
and DRIESCHER & GELBRECHT (1993) it can be concluded that the total phosphorus
concentrations are 2 to 5 times higher than SRP concentrations determined in the normal
standard monitoring programmes. Since information on areas of anaerobic groundwater is not
available, areas with a higher probability of anaerobic conditions are determined through a
comparison of nitrate concentrations in groundwater and those in leakage water (see below).
For the calculation of total phosphorus concentrations in groundwater it was therefore
determined that in accordance with Equations 1.4.27 and 1.4.28, nitrogen concentrations in
groundwater exceed a critical value (lgy) and the TP-concentrations in groundwater are 2.5
times greater than the SRP concentrations. Normally, the value of Ly is in a range of 0.05 to
0.15.

CGWTP = 25 . CGWSRP lf CGWN < lg w* CSWN (Eq 1427)
CGWTP = CGWSRP lf CGWN > lg w* CSWN (Eq 1428)
with  Cgw, = nitrogen concentration in groundwater (g/m?)

Cswy = nitrogen concentration in leakage water (g/m’)

Cowyp = TP concentration in groundwater (g/m?)

Cowgrp = SRP concentration in groundwater (g/m?)

N-concentration in the groundwater

The N concentrations in the groundwater are derived from the potential nitrate concentration
in the top soil. For the fact that the residence time of water and substances on their way from
the root zone to the groundwater and in the groundwater itself is much larger than for tile
drainage, this residence time has to be taken into account for the groundwater pathway. The
reasons are on the one hand that the quantity of N-losses through denitrification can be
dependent on time. On the other hand, the level of the nitrogen surplus of the agricultural area
is changing over time and therefore the nitrogen in groundwater flowing recently into the
surface waters is in relation to the N surpluses in the past.

A rough approximation of the water residence time in the unsaturated zone and in the aquifer
can be given on the basis of long-term observations of nitrate concentrations in rivers and
long-term estimates of nitrogen surplus. BEHRENDT et al. (2000), in a comparison of long-
term changes of the nitrogen surplus averaged over different periods of previous years with
the long-term behaviour of the observed nitrate concentrations in the river Elbe, found mean
residence times of about 30 years. Based on application of the WEKU model (KUNKEL &
WENDLAND, 1999; KUNKEL et al., 2007) found a median of 29 years for the residence time for
groundwater in the unconsolidated rock region of the Elbe basin, which corresponds with the
result of BEHRENDT et al. (2000).

For German areas the estimations for the water residence time of KUNKEL & WENDLAND
(1999) were used. For areas where no information about the water residence time is available
it is assumed that the water residence time account for
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3000
TTow =—— (Eq. 1.4.29)
gw
with  qgw = specific groundwater flow (mm/(m2-a))
TTow = Travelling time of the groundwater
= Qe 86.4-365
OJew = $60.4- (Eq. 1.4.30)

A

Based on these results, the nitrogen surpluses for the different analytical units were corrected
according to the following formula:

1 t0-TTew
=— Nsurt (Eg. 1.4.31)
TTSUR
TTew o

average nitrogen surplus within the period of travelling time (kg/ha)
nitrogen surplus of agricultural areas (kg/ha)

with Nrrsur
Nsurt

The N surplus values thus estimated are used for the calculation of the overall potential
nitrate concentrations in leakage waters for the areas contributing to base flow. For this, the
first steps of the approach of FREDE & DABBERT (1998) are used. A condition for this is
that the net-mineralisation and immobilisation are negligible. Then, the following applies:

_ Nirsye 100 (Eq. 1.4.32)

Qow

with CLwpoTNosN = potential nitrate concentration in leakage water for the total area with base

flow (g N/m?)

C LWPOT\03-n

The nitrogen retention (mainly denitrification) in the soil, the unsaturated zone and the
groundwater is calculated from the comparison of the regionalized groundwater
concentrations of nitrate and the potential nitrate concentration in leakage water. This
comparison was carried out for the whole of Germany. It could be shown that the nitrogen
retention is dependent on the level of infiltration water and the hydrogeological conditions
according to Map 11.8. The model coefficients are given in Table 1.4.6.

. 1 Arrri b
C = — . L].C Eq. 1.4.33
GWyo3-n (g 1+ kli LW k2i ACA LWPOT\o3 (Eq )

with  CgWyosn nitrate concentration in groundwater (g N/m3)

b = model coefficient for denitrification (0.641)
k1 and k2 = model coefficients
AurT = area of different hydrogeological rock types (km?)
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Table 1.4.6: Model coefficients for the determination of N retention in areas
with different hydrological conditions

Hydrogeological rock type K, K; B

Unconsolidated rock areas near

groundwater 2,752 -1.54| 0.627

Unconsolidated rock areas far
groundwater

Solid rock areas with good porosity 6.02| -0.90| 0.627
Solid rock areas with poor porosity | 0.0127| 0.66| 0.627

68.560 | -1.96| 0.627

Finally, the nutrient emissions via groundwater are estimated from the product of the
regionalized nutrient concentrations and the groundwater flow of the basins:

EGW,, =864-365 Oy - Coyy. (Eq. 1.4.34)
with EGWyp = nutrient emissions via groundwater (t/yr)

The nutrient emissions via groundwater are calculated for each of the analytical units.

DON emissions are needed for the riverine nitrogen retention. For the calculations it is
assumed that DON underlies no retention and it therefore has to be subtracted from the total
nitrogen emissions. Only the concentration of long-chained DON molecules should be
considered for this pathway.

DON emissions via groundwater are calculated by applying the groundwater recharge for
forested areas and wetlands. DON concentrations can be set for forested areas and wetlands
separately. DON concentrations typically vary widely between 0 and 6 mg/l. DON
concentrations in forests are often lower than in wetlands and in warmer climates they can
drop to 0 mg/l.

1.4.2.2.7 Nutrient emissions from paved urban areas
Within this pathway nutrient inputs stem from four different routes:

» inputs from impervious urban areas connected to separate sewer systems
> inputs from impervious urban areas by combined sewer overflows

» inputs from households and impervious urban areas connected to sewers without
treatment

> inputs from households and impervious urban areas not connected to sewer systems
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The total urban area can be taken from a landuse map, e.g. the CLC map. For the calculation
of the impervious urban area, the population density is also taken into account according to
the approach of HEANEY et al. (1976):

Ay =9.6- (0'4047 .POP,,, )0.573—0.0391»10g(0.4047-P0PDEN) Ay (Eq. 1.4.35)
with Amnvp = impervious urban area (km?)
Aurp = total urban area (km?)

POPpen = population density (inhabitants/ha)

The total paved urban area is split into the different sewer systems according to the percentage
of the different sewer systems in the catchments. For Germany, the statistics of the German
states is used for the length of combined, waste water and separate sewers.

The mean elevation of the analytical units is derived from a Digital Elevation Model
(Map II.2) to separate combined and separated sewer. To calculate the total discharge from
the different sewer systems, the calculation of surface runoff from impervious areas as the
proportion of precipitation is necessary. These values can be calculated according to HEANEY
et al. (1976) for every analytical unit from the level of impervious areas with Equation 1.4.36:

A
a,,,=0.15+0.75- -2 (Eq. 1.4.36)
URB

with alMP = share of precipitation realized as surface runoff from impervious urban areas

With the share of the precipitation realized as surface runoff from impervious urban areas and
the yearly rainfall, the specific surface runoff which is discharged from impervious urban
areas during storm water events can be estimated for all analytical units:

G =app - Py (Eq. 1.4.37)

with  qpvp = specific surface runoff from impervious urban areas (1/(m?*a))

The total surface runoff from impervious urban areas discharged by combined and separated
sewers can be calculated by multiplication of the specific surface runoff with the impervious
urban areas connected to the different types of sewer system.

A schematic overview of the applied method is given in Figure 1.4.9.

Nutrient emissions from separate sewer systems

The nutrient emission via separate sewer systems is estimated by means of area-specific
emissions. Referred to BROMBACH & MICHELBACH (1998) we use an area-specific P emission
(of 2.5 kg P/(ha-yr). The area-specific N emissions is calculated from the sum of the
atmospheric N deposition and a value for leaf-litter and excreta from animals (4 kg N/(ha-yr).
The N and P inputs are calculated by multiplying the area-specific emissions with the paved
urban area connected to separate sewer systems.
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Figure 1.4.9: Nutrient emissions from urban areas
EUS, , = ES,MPN.P “Apps (Eq. 1.4.38)

with

EUSN,P
ESIMP

AIMPS =

nutrient inputs via separate sewers (t/yr)

specific nutrient emissions from impervious urban areas (t/(km*-a))
impervious urban area connected to separated sewer system (km?)

Nutrient emissions from combined sewer overflows

The estimation of the nutrient emissions is based on the approaches from MOHAUPT et al.
(1998) and BROMBACH & MICHELBACH (1998).

The quantity of water discharged during storm water events from combined sewer overflows
is dependent on the specific runoff from the paved urban areas, the number of people
connected to combined sewers, the inhabitant-specific water discharge, the share of industrial
areas in the total impervious urban area, the area specific runoff from these industrial areas
and the number of the days with storm water events:

Ompc = 9 imp
with  Qppc
Ammrc
Znst
INc
qN
acom

qcom

“Appe + Zysr NGy + acor *Geon 100-86.4- 4 )

storm water runoff from combined sewer system (m3/yr)

(Eq. 1.4.39)

impervious urban area connected to combined sewer system (km?)
effective number of storm water days

number of inhabitants connected to combined sewer system
daily wastewater output per inhabitant (I/(E-d))
proportion of total urban area in commercial use
specific runoff from commercial areas (m?/(ha-d))
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It is assumed that the effective number of storm water days (Znst) is dependent on the level of
precipitation. For German river systems it was found that

Z s =0.0000013- P} (Eq. 1.4.40)

The discharge rate of a combined sewer system was estimated according to a method
developed by MEIBNER (1991) and is dependent on the annual precipitation as well as the
storage volume of the combined sewer. The storage volume holds back a fraction of the waste
water during the storm water event and retards the flow to the treatment plant. Data on the
storage volume of the combined sewers in the German countries are taken from the sewage
water statistics. The discharge rate was estimated according to Equation 1.4.41:

4000+25-q,
0.551+ P, —800
RE = el -6+ Lt— (Eq. 1.4.41)
36.8+13.5-¢, 40
Ve +
0.5+ ¢,
with  RE = discharge rate of combined sewer overflows (%)
dr = rainfall runoff rate (1/(ha-s))
Vs = storage volume (m?)

The nutrient concentration in a combined sewer can be calculated from the area-specific
emission rate of the impervious urban area, the inhabitant-specific nutrient emissions and the
concentration of nutrients in direct industrial effluents:

RE
((EINN,P ’ INC + CCOMN.P ’ QCOMC) ) ZNT + ESIMPN.P ’ AIMPC -100) - 100
C. =
n Ocomc
(Eq.1.4.42)
with  Ceup = nutrient concentration in combined sewers during overflow (g/m?)
EINyp = inhabitant specific nutrient output (g/(E-d))
INc = number of inhabitants connected to combined sewer system
Ccomy p = nutrient concentration in commercial wastewater (g/m?)
Qcomc = runoff from commercial areas connected to combined sewers (m3/d)

For the nutrient concentration in commercial wastewater values of 1 g N/m? and 0.1 g P/m?
are used (BEHRENDT et al. 2000).

The nutrient emissions from combined sewer systems into each river system are then
calculated from the product of the quantity of water discharged by the overflow and the mean
nutrient concentration during such events:

EUC) , = CcN‘P “RE - Qyypc (Eq. 1.4.43)

with  EUCyp = nutrient emissions via combined sewer overflows (t/yr)
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Nutrient inputs from the impervious areas and inhabitants connected to sewers
but not to a WWTP

Furthermore, the nutrient inputs from the impervious areas and inhabitants connected to
sewers but not to a WWTP must be considered. The population connected to sewers but not
to WWTPs can be taken from the statistics. It is assumed that the proportion of urban areas
connected to a sewer but not to a waste water treatment plant corresponds only to the
proportion of people connected to a sewer system. Regarding the inputs of materials, these
areas can be considered in the same way as the areas connected to separate sewer systems (see
above). The same is assumed for the specific values of the nutrient inputs from these areas.

It is supposed that the particulate fraction of the human nutrient output only from inhabitants
connected to sewers is transported to waste water treatment plants. For the dissolved fraction,
it is assumed that this proportion is fully supplied to the sewer system. The total nutrient input
along this pathway will then be calculated according to Equation 1.4.44:

EUSO,, = ESy - Appso 100+ INg, - EIN,, -0.365+ Coony. Ocouso

(Eq. 1.4.44)
with EUSOyp = nutrient input from impervious urban areas and only from inhabitants
connected to sewers (t/yr)
Ampso = only urban area connected to sewers (km?)
INgo = only inhabitants connected to sewers
Qcomso = annual runoff only from commercial areas connected to sewers (m3/s)
EINDN’P = inhabitant specific output of dissolved nutrients (g /(inh.-d))

The specific human dissolved nitrogen output was assumed to be 9 g N/(inh-d). For
phosphorus it must be assumed that the dissolved emissions are different for every country,
because the use of phosphorus in detergents varies between the countries. Therefore, country-
specific values for the phosphorus in detergents are derived and implemented in MONERIS.

Nutrient inputs from people not connected to a sewer system

In addition to the inputs from separate and combined sewer systems, the nutrient emission
into the river systems from impervious urban areas and people not connected to a sewer
system have to be considered. The following formula according to BEHRENDT et al. (2000) is
used:

EUN, , =(100=Rg )+(ESyp Ay 1100+ IN - EIN, 0365 (100 = Wy,)

(Eq. 1.4.45)
with  EUNyp = nutrient input from inhabitants and impervious urban areas (t/yr)
connected neither to sewers nor to wastewater treatment plants (t/yr)
Rsyp = nutrient retention in the soil (80 % for nitrogen and 90 % for phosphorus)
Amnpn = impervious urban area connected neither to a sewer nor to a wastewater

treatment plant (km?)
INy = inhabitants connected neither to sewers nor to wastewater treatment plants
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W = proportion of dissolved human nutrient output transported to wastewater
treatment plants (%)

It is assumed that 40 % of the dissolved human phosphorus and 20 % of the dissolved human
nitrogen output is transported to a wastewater treatment plant with the particulate fraction
generally transported to a WWTP.

1.4.2.2.8 River loads

For the calculation of nutrient loads the data sets for available monitoring cross-sections of
the sub-catchments have to be used. As shown by KELLER et al. (1997) and ZWEYNERT et al.
(2004) the application of different calculation procedures may lead to divergent results.
Particularly with regard to small catchment areas under- or overestimations may arise. In
terms of mean annual nutrient load this can be seen as estimated value rather than an ensured
result (KELLER et al. 1997). Among all approaches the OSPAR method has led to the most
trustable calculation of observed nutrient loads (LITTLEWOOD, 1995). Therefore, the
computation of the mean annual nutrient load is calculated by using the OSPAR method
(OsLo PARIS COMMISSION, 1996) (Eq. 1.4.46).

Qs (15
b O rteas [ﬂ g‘ ey J (Eq. 1.4.46)
with Ly = annual load (t/yr)
Qd = arithmetic mean of daily flow (m?*/s)
Qmeas =..arithmetic mean of all daily flow data
with measurement of concentration (m?/s)
Ci = concentration (mg/1)
Qi = measurement of daily flow (m*/s)
Uf = correction factor for the different location of flow and

concentration measuring station within the same catchment (-)
n = number of data with measurements within the investigation period (-)

The consideration of hydrological years, calendar years or other calculation periods has to be
applied as a uniform procedure for the entire investigation area.

1.4.2.2.9 Retention in surface waters

In surface waters, retention (sum of all loss and transfer processes) is an important element of
the nitrogen balance. Decisive processes for nitrogen retention are influenced by numerous
variables and occur in varying intensity in all surface waters. While small scale studies
demand a detailed knowledge of characteristics of the river section, retention can be estimated
by a small number of variables. Nitrogen retention can be modeled by the conceptual THL
approach of VENOHR (2006) by using temperature and hydraulic load (runoff divided by
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water surface area). For the estimation of the water surface area see chapter 1.4.1.2. The
calculation of the retention is based on the following assumptions:

dissolved organic nitrogen (DON) is not affected by retention

inputs of point sources can discharge to the main river directly

large water bodies (e.g. lakes) at the outlet of the river basin can be effective for the retention
for the nutrient loads of the upstream river catchment as well as for the loads of the analytical
units from the tributaries

Thus the following equations are applied:

LTNZI- = |.(Ez - EDONi - EDi )Rn + (Li—l _LDONZi—l )RMRi + EDi o T LDONZI‘ (Eq. 1.4.47)

LDINZi = [(Ez - EDONi - EDi )RTi + (Lz'—l - LDONzH )RMRi + EDi LOi (Eq. 1.4.48)
Lyps, = (B, = Ep)Rpy + Ly Ry + Ep JRy,, (Eq. 1.4.49)
with Ly = calculated TP load for catchment of an analytical unit i (AU1)

L = calculated TN load for catchment of AUi

Lpni = calculated DIN load for catchment of AU

E; = total (P or N) emissions from AUi

Eponi = DON emissions from AUi

Ep; = emissions from point sources discharging directly into the main river

Ry = Retention tributaries

Rwmri = Retention in main river without retention in waterbody at the outlet of the AU

Rio; = Retention waterbody at outlet of AU

Retention of Nitrogen in tributaries and main rivers

The retention of Total Nitrogen (TN) (Equation 1.4.50) and Dissolved Inorganic Nitrogen
(DIN) (Equation 1.4.51) is calculated with the following computations without a distinction
into tributaries and main rivers:

CTN - CTN 1
R, = C ~1- (247200 g (Eq. 1.4.50)
™, .
CDIN _CDIN 1
RTHLDIN = C ~1- 1+8.58. 60_067]- ] HL_I (Eq 1451)
™, :
with T = water temperature in °C
HL = Hydraulic Load in m/yr
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Retention of Phosphorus
The approach for the retention of Phosphorus distinguishes between tributaries and main
rivers. The retention in tributaries is calculated as mean from the following approaches:

1

TP, = 2664 TP,y us0n (Eq. 1.4.52)
1
Poan = 1+133- HL “TPyyussion (Eq. 1.4.53)
The determination of the hydraulic load (HL) in m/yr follows the Equation 1.4.54:
HL,. = O, /WS4, (Eq. 1.4.54)

The retention of Phosphorus in the main rivers is calculated with the Hydraulic Load (HL)
approach only.

HL,, = Oy, /(WSA, —WSA, ) (Eq.1.4.55)
HLMRI. = in /WSALOZ. (Eq. 1.4.56)
with Qi = runoff from selected AU (m*/yr)

Qsi = runoff from catchment of selected AU (m?/yr)

WSAMg; = water surface area of main river in selected AU (m?)

WSA RIBI = water surface area of all tributaries in selected AU (m?)

WSA o = water surface area of water body at outlet of selected AU (m?)
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.5 MONERIS model structure

1.5.1 The EXCEL Structure of MONERIS

Table 1.5.1: The EXCEL Worksheet structure of MONERIS

Section Worksheet

Description

Basicinfo

General analytical unit (AU) data,
Chapter 15.2

Periodical Data

Collated annual data from
periodical data, Chapter 1.5.3

Surplus

Country Data on N-Surplus, P
accumulation, emissions, P from
detergents, C-Factor, CSO
storage volume, inhabitant
specific

WWTP

Individual and aggregated
WWTP data

Intermediate

Aggregated, transformed or
modified data from the Basicinfo
and Periodical data for Scenarios

Runoff Separation by CARL

Runoff Separation into surface
flow, interflow, baseflow,
subsurface flow

WSA

Water surface areas, calculated as
long term mean, has to be
refreshed manually

Atmospheric Deposition

Tile drainage

Groundwater

Surface Runoff

Erosion

LR Point Sources

Urban Systems

Retention

Background

Emissions under natural
conditions

Waterbalance

Collation of WB results

Emissions net

Collation of results for analytical
units

Emissions total

Results

Aggregation of results for
analytical units, Catchment

Scenario Results

Results for long term, dry year
, wet year, fixed values

Target concentrations

Target concentrations results,
based on Scenario results
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1.5.2 Preparing the Basicinfo-Worksheet

The Basicinfo worksheet provides general analytical unit data which are assumed to be
constant throughout the calculation period, like the area of analytical units, land use or soil
classes. The spatiotemporal variable data in contrast are governed in the Periodical data
worksheet (Chapter 1.5.3).

General structure of the Basicinfo-file
In general the header of the single columns of the Basicinfo consists of four lines. In these
lines the contents of the columns are determined and explained.

Table 1.5.2: The Basicinfo header

Rows | Contents Example

1 Category Landuse

2 Sub- Category Arable land
3 Specification <1%

4 Units km?

In the following a diversified overview about the Categories and its sub-units will be provided
and shortly commented if necessary. Since most of the relevant data were described in the
Data requirements chapter 1.3.3 it was refrained from describing the data more closely in this
part. Please consult the indicated chapters to achieve further information.

Catchment Description
The catchment description category refers to the administrative classification of the catchment
mainly. It is subdivided into the following sub- categories:

Table 1.5.3: Catchment Description. (* optional Sub-Categories)

Category Sub- Category

1D

ID GIS™

Country

State

LAWA

Adress

Description*

Analytical unit (AU)
CATCHMENT Sub-unit (SU)
DESCRIPTION Sub-basin (SB)

River basin (RB)

River basin district (RBD)
Monitoring stationname’

CATCHMENT
DESCRIPTION
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Whereas most of the subtopics are self-explanatory, it is important to point out that the ID
should be a continuous ID, beginning in the first row and ending in the last. The fields
ID GIS, LAWA, Address, Description and Monitoring station name are optional fields. The
terms for describing the river basin structure are defined in chapter 1.4.1.1.1. These terms are
important for the aggregation of the results.

Catchment Area and Flow net equation (FNE)

Table 1.5.4: Catchment Area and FNE

Category Sub- Category Specification Units
CATCHMENT Monitoring station km?
AREA Net km?
FLOW NET W%thout .sp.litting
EQUATION Wlt'h sphttmg

Main river

For further information about the Catchment area and FNE data consult Chapter 1.4.1

Atmospheric Deposition

Table L.5.5: Atmospheric deposition

Category Sub- Category Specification | Units
NH4 Long term mg/m?
ATMO DEP NOX Long term mg/m?

For further information about the Atmospheric Deposition data consult Chapter 1.4.2.2.2.

Precipitation and Evapotranspiration

Table 1.5.6: Precipitation and Evapotranspiration

Category Sub- Category Specification Units
PRECIPITATION Long term Annual mm/yr
Long term Summer mm/yr
EVAPOTRANS- Long term Annual mm/
PIRATION £ " y

For further information about the Precipitation and Evapotranspiration data consult Chapter
[.3.3.1.
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Landuse and Tile Drainage

Table 1.5.7: Landuse and Tile drainage

Category Sub- Category Specification Units
Urban area km?
Arable land <1% km?

LANDUSE Arable land 1-2% km?
Arable land 2-4% km?
Arable land 4-8% km?
Arable land >8 % km?
Grasland km?
Natural covered land
(forest, grassland, km?
shrubland)

LANDUSE Water ;urche km?
Open pit mine km?
Open area km?
Wetland km?
Remaining areas km?
Total area with Erosmp km?

potential
TILE DRAINAGE Areca %

For further information about the Landuse and Tile Drainage data consult Chapter 1.3.3.1,
[.4.2.2.5.

Elevation and Slope

Table 1.5.8: Elevation and Slope

Category Sub- Category Spef:iﬁcation Units
ELEVATION ?;Izv(e}% Iflr)om 0
SLOPE_1000 Net ?EQV(G}% Iflr)om v
SLOMEIW e ToomGrID | %

For further information about the Elevation and Slope data consult Chapter 1.3.3.1.

GIS often delivers slope data in degree. Please ensure that your Basicinfo
input data are given as percentage
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Soil

Table 1.5.9: Soil

Category Sub- Category | Specification Units
Sand km?
Clay km?
Loam km?
Fen km?
SOIL Bog km?
Silt km?
N content topsoil %
Clay gontent o,
topsoil
For further information about the Soil data consult Chapter 1.3.3.1.
Soil loss
Table 1.5.10: Soil loss
Category Sub- Category | Specification Units
Arable land MED SL 1 t/(ha-yr)
Arable land MED SL 1 2 t/(ha-yr)
Arable land MED SL 2 4 t/(ha-yr)
Arable land MED SL 4 8 t/(ha-yr)
SOIL LOSS Arable land MED SL 8 t/(ha-yr)
Arable land MED SL. GRA t/(ha-yr)
Arable land MED SL NATCOV |t/(ha-yr)
Mean total Catchment t/(ha-yr)
For further information about the Soil loss data consult Chapter 1.3.3.1.
C-Factor and Nitrogen surplus
Table 1.5.11: C-Factor and Nitrogen surplus.
(* Reference year has to be set by the Modeller/Modifier in the settings)
Category Sub- Category | Specification Units
C-FACTOR current -
NITROGEN
SURPLUS current kg/(ha-a)

For further information about the C-Factor and Nitrogen surplus data consult Chapter

[.4.2.2.6.
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Hydrogeology

Table .5.12: Hydrogeology

Category Sub- Category Specification Units

Unconsolidated Shallow )
i km

soil groundwater

HYDRO- Unconsolidated Deen eroundwater | km?

GEOLOGY soil PE
Consolidated High porosity km?
Consolidated Impermeable km?

For further information about the Hydrogeology data consult Chapter 1.3.3.1.

Sewer systems

Table 1.5.13: Sewer systems

Category Sub- Category | Specification Units
Sewer flow km

SEWER length

SYSTEMS Black and gray km
water

For further information about the Sewer system data consult Chapter 1.4.2.2.7.

River Flow length

Table 1.5.14: Flow length

Category Sub- Category | Specification Units
RIVER FLOW |MR km
LENGTH TRIB km

For further information about the Flow length data consult Chapter 1.4.1.2

Lake area

Table 1.5.15: Lake area

Category Sub- Category | Specification Units
MR Total area in AU km?
Area of lakes at outlet
LAKE AREA |MR_AU outlet | to be considered km?
separated for Retention
TRIB Total area in AU km?

For further information about the Lake area data consult Chapter 1.4.1.2.
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1.5.3 Preparing the Periodical-Data-Workbook

The Periodical data file provides the spatiotemporal variable data for MONERIS. In contrast
to the Basicinfo-worksheet, the Periodical data file consists of various worksheets governed in
the Periodical data-workbook. Some of these worksheets can be allocated to certain main
categories. To ensure a better clarity of the Periodical data structure this allocation will be
carried out first. The main characteristics of each category will be outlined briefly.

In the Country data category country specific data for certain years for all considered
countries are governed in the according worksheets. The considered time period is user-
defined upgradeable, if the user is logged in as modeller or modifier (Chapter 1.5.4.4.1). For
all considered countries an unambiguous ID and Shortname has to be set. The default
shortnames are based on the ISO 3166 standards. For further information about the input data
of the worksheets consult Chapter 1.5.2 or the model developers.

enlisted in the country field of the Basicinfo file. The AU has to be

The Shortname set in the Periodical data has to correspond to the data
A allocated to one country unambiguously.

Table 1.5.16: Country data

Main Category Periodical Data Worksheet
CSO storage

C Factor

P accumulation

N surplus

TP per inhabitant

TP detergents per inhabitant

Country data

Table 1.5.17: Analytical unit data

Main Category Periodical Data Worksheet
Atmo. dep. NHx

Atmo. dep. NOx

Atmo. dep. TP

Preci. Annual

Preci. summer

Splitting factor

Calc. runoff net

Analytical unit data Obs. runoff

Obs. DIN load

Obs.TN load

Obs. TP load

Water temp.

Inhabitants total
Connected Inhabitants
Inhab. conn. to sewer + WWTP
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In the analytical unit data category, specific data for certain years for all considered analytical
units are governed in the according worksheets. In addition to the single year data, further
data for the time scales ‘long term’, ‘dry year’ and ‘wet year’ are listed. The ID has to
correspond with the continuous ID of the Basicinfo-worksheet. For further information about
the input data of the worksheets consult Chapter 1.5.2.

Table 1.5.18: WWTP data

Main Category Periodical Data Worksheet
WWTP data WWTP

In contrast to the Country and analytical unit data categories the WWTP data worksheet
possesses a particular table structure. The following table presents an overview about the
WWTP worksheet structure.

Table 1.5.19: The WWTP worksheet structure. (*optional Categories)

Category Sub- Category Specification Units

ID

Total discharge from %}; 1;5 ﬁ
TP tch t

WWTP per catchmen Q-WWTP £y

ID

WWTP NAME"

Country ID

T ype*

Population equivalent | Original -
Population equivalent Completed -

Cities>10000" Name
Cities>10000" Pop
Size class -

TREATMENT STAGE |Primary -
TREATMENT STAGE | Secondary -
TREATMENT STAGE |Tertiary N -
TREATMENT STAGE |Tertiary P -
TREATMENT STAGE |N short -
TREATMENT STAGE |P short -

N conc. at outlet Original mg/l
P conc. at outlet’ Original mg/l
Discharge” Current original m?/yr
N load Current t/yr

P load Current t/yr

Discharge Current completed m?/yr
N conc. at outlet Current mg/l
P conc. at outlet Current mg/l

For further information about the input data of the WWTP data worksheet consult Chapter
1.3.3.2.
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1.5.4 The MONERIS user interface

1.5.4.1 Getting started

Basic EXCEL settings to start MONERIS

To work with macros in EXCEL the security settings in EXCEL have to be modified. Go to
the “Tools” scroll-down menu, choose “Options”. Switch to the “Security” tab and click the
“Macro-Security” button. Select the “Medium” security level of the “Security Level” tab.
Switch to the “Trusted Publishers” tab and activate the “Trust access to Visual Basic Project”

Option-Button.

A Version 1.2 needs the Crystal-report file

Starting MONERIS
To Start MONERIS go to the “MONERIS” menu and select Start. The MONERIS User
Interface opens.

F Microsoft Excel - MONERIS _1.7b_donau.xls
E‘_ﬂ Dakei | MOMERIS | Bearbeiten  Ansicht  Einflgen  Format  Extras  Daken Fenster  #

JiZE ot VO &LR-FI9-0-/18% = -2 §]

LRI S A AR R R R 5_;@1! b @ Sicherhe
64 M f

Figure 1.5.1: Starting MONERIS

Periodical data.xls file. Basicinfo.xls has not necessarily to be set until you

When MONERIS was moved to a new folder/ hard drive you have to set the
A need to update input data.
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1.5.4.2 The MONERIS user interface

The MONERIS User interface consists of the following three main working environments.

The MONERIS Navigation-Bar (Chapter 1.5.4.3)

In the Navigation-Bar the spatial and temporal reference of the modelling process can be
defined. The chosen spatial and temporal settings are presented in the ‘Spatial Relation Info
Box’ on the upper side band of the MONERIS User Interface to provide an overview about
the current model settings in all of the working environments.

‘ All Analytical Units are selected, long term ‘

Figure 1.5.2: The Spatial Relation Info Box

Additionally the Pathways Status dialog of the Navigation-Bar presents an overview about the
modifications made by the user.

The MONERIS Main Menu (Chapter 1.5.4.4)
The Main Menu consists of three tabs allowing you to define basic settings and scenarios and
to view and export the results.

» The MONERIS Model Setup — To set the basic settings (Chapter 1.5.4.1)

» The MONERIS Scenario Manager — To apply predefined and individually modified
scenarios (Chapter 1.5.4.4.2)

» The MONERIS Results — To view and export the results (Chapter 1.5.4.4.3)

A The Scenario Manager is only applicable for calculating periods

MONERIS- Additional Options (Chapter 1.5.4.5)

In the Additional Options workspace further more detailed settings like ‘update input data’,
‘setup model system’ and ‘update equations’ can be defined. These options are not applicable
for users logged in as viewers and are not needed once the model has been set up.
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1.5.4.3 The MONERIS Navigation-Bar

In the Navigation-Bar the spatial and temporal reference of the modelling process can be
defined.

Defining a Time Scale

The model calculates emissions and loads for periods and single years. Since Viewers are not
permitted to apply the ‘Calibration (single years)’ option of the ‘Time scale’ dialog, they can
only choose between the different conditions ‘long term’, ‘wet year’ or ‘dry year’ in the
“Current year/period” drop down list. Choosing one of these options determines the

hydrologic data (Precipitation, Runoff and Evapotranspiration) that will be considered for the
modelling run.

— Time scale
(& Scenarios Calculation period: 2000 ko 2004
(period)
Caltration  CLTentyearfperiod: | lngtem <]
{single years) - jang berr :
dry year

wel vear

Figure 1.5.4: Defining a Time Scale

In general the conditions ‘long term’, ‘wet year’ and ‘dry year’ describe the effects of
hydrologic variability.
» Long Term: The ‘long term’ setting considers mean hydrologic and anthropogenic
conditions of the calculation period.
> Wet Year: The ‘wet year’ setting considers mean anthropogenic and wet
hydrologic conditions of the calculation period.
» Dry Year: The ‘dry year’ setting considers mean anthropogenic and dry

hydrologic conditions of the calculation period.

Using the ‘Selected Analytical unit™-dialog

In the ‘Selected Analytical unit’-dialog basic settings to determine the spatial relation of the
scenarios and the presented results can be selected. Whereas the model calculates on the basis
of single analytical units, the analytical units can be grouped by certain criteria using the
‘aggregation level’- dialog in the forefront of calculating scenarios or viewing the results.

To select a certain spatial relation (e.g. Analytical unit, Country, Basin) you want to work
with, you can use the “Select AU” button.
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— Selecked Analykical Unik
Garouping criteriunm: Country j Select all
Analytical unit: 1002 Basin: Danube
Sub-unit: DE_1 Diskrick: Danube
Sub-basin: Upper Danube 10 2, Country; DE_BW, State: DE

Figure 1.5.5: The Selected Analytical unit dialog

After clicking this button a dialog with various search options appears. Select the section you
want to search in and enter the search criterion. Click on the binoculars button afterwards.

Search sub-catchments x|
Jia] I sub-unit Ml I
Country Ml I sub-basin Ml I
State ( Ml I RO ) basin Ml I
analytical Ml I river basin district Ml I
unik
description | monitaring |

M I stationname M I

0 sub-cakchments found

Refresh Exit

Figure 1.5.6: Searching for analytical units

All relevant results will be presented in the yellow coloured list box. To select one of the
presented entries just click on the according entry of the list box and the related analytical unit
will be activated automatically in the ‘Selected Analytical unit’ dialog. It is just possible to
select one of the presented entries.
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Once an analytical unit has been selected you can build groups of analytical units by choosing
a aggregation level. If you want to apply scenarios e.g. for the spatial relation “Romania”,
select an analytical unit laying in Romania by using the “Select AU button and group the
analytical units of Romania by selecting the aggregation level ‘country’.

Already set aggregation levels will be considered for a newly selected analytical unit.

— Selected Analvtical Unik

Grauping criteriun:

j Select &1

Sub-units -
Analytical unit: 10108 | Sub-basins Basin: Danube

Sub-unit: RO 9 | River basins district Diskrick: Canube
all Analytical Units
Sub-basin:  Tiga | —-Administrative units-—- I 303 , Country: RO, State: RO
Zaunkry |

Stake l

Figure 1.5.8: Grouping analytical units

The selected analytical unit, aggregation level and period/year is highlighted in the ‘Spatial
Relation Info Box’ on the upper side band of the MONERIS User Interface.

‘ All Analytical Units are selected, long term ‘

Figure 1.5.9: The Spatial Relation Info Box

Pathway status

In the ‘Pathway status’ dialog of the MONERIS User Interface you get an overview whether
modifications have been made by the user. If no modifications were made, all fields remain in
green colour. If modifications were made, these modifications will be indicated through a red
colour of the according field. Since Viewers do have very limited possibilities to modify the
default settings of MONERIS, the ‘Scenario activated’ field is the only relevant in Viewer
modus.

— Pathwaw status

Input data and calculation .

Figure 1.5.10: The Pathway status dialog
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1.5.4.4 The MONERIS Main Menu

As already outlined the MONERIS Main Menu consists of three tabs allowing you to define
basic settings and scenarios and to view and export the results. These working environments
will be discussed in detail in the following.

1.5.4.4.1 The MONERIS Model Setup

The MONERIS Model Setup consists of different dialogs to set the basic settings to run
MONERIS. These dialogs will be described subsequently in detail.

Model setup | eenario manager | Results |

r— Calculations

" Use fixed values % Keep equations

— Water surface area From

" CORINE or land cover map
% Topographic map

¥ Consider Flow length correction Factor

Set Basicinfo file | UivenahriMONERISIMONERIS_1.9b\Basicinfo_neu_110507 xls Scale of WSAmap: | DLM2S0; 1:250,000 j
Set Periodical daka file I @A\MORERIS_1.951b\Perindical_data_Danube_280607.xls — Temporal resolution of input data
Anual Mean
Modeller name I Markus Yenohr
Precipitation daka Iq e
Madeler e-mail address I m. venohr@igb-berlin.de Atrnaspheric N deposition « r
0
Project name I Danube Atmospheric TP deposition r o
Water kemperature 'l *
Inhabitants I fa
Splitting Fackor e o
— Log-in
Settings  Vigwear € Modellar ' Madifier

Figure 1.5.11: The MONERIS Model Setup Menu

Project Initialization
To initialize a new MONERIS project you have to set the path for the prepared Periodical
data file by clicking the “Set Periodical data file”.

Figure 1.5.12: Setting a Periodical data file

Select the Periodical Data workbook and press “OK”. The path for the Basicinfo file has only
to be set, when you are logged in as Modeller or Modifier.
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Information about the preparation of the Basicinfo and the Periodical Data worksheets can be
found in Chapter 1.5.2, 1.5.3.

The Periodical Data file is password protected and will be opened in the ‘read only’
modus. If you are logged in as Viewer, data or the whole file can be copied or saved
under a new name, but the modified file will not be accepted for the current
calculations. Changes in the Periodical Data can only be made and saved when you
are logged in as Modeller or Modifier.

The Log-in dialog
Three different types of Log-ins are distinguished in MONERIS. These types lead to distinct
options in the course of the modelling process.

Log-in
i+ Wiewer " Modeller " Modifier
Figure 1.5.13: The MONERIS Log-in dialog
VIEWER (Default Login)

> Enables you to select, combine and apply predefined Scenarios as well as to view and
export the results

MODELLER

> Includes all options available in the viewer environment

> Enables you to load new data

> Enables you to modify scenario thresholds

> Allows you to modify used parameters that will be indicated in the surface

MODIFIER

» Includes all options available in the viewer and modeller environments
> Enables you to modify used equations
> Enables you to change and save modified values as standard

type in the wrong password you will be logged in as Viewer

c The Modeller and Modifier Log-ins are password protected. If you
automatically
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The dialogs ‘Temporal resolution of input data’ and ‘Water surface area
from’ are only accessible for users logged in as Modellers or Modifiers.
There is no access for users logged in as Viewers.

Calculations

In the ‘Calculations’ dialog one can choose between the options ‘Use fixed values’ and ‘Keep
equations’. Activating the use fixed values option leads to the substitution of the equations
used in the EXCEL worksheets by fixed values. This leads to reduced memory requirements
for the MONERIS file from up to 20MB.

1.5.4.4.2 The MONERIS Scenario Manager

As already indicated in Chapter 1.2 the MONERIS Scenario Manager is only applicable for
calculating periods. Once switched to the Scenario Manager tab you are able to define and
apply certain packages of measures for the selected analytical units and to define and apply
scenarios for all analytical units (Chapter 1.5.4.3).

In the Scenario Manager you can decide if you want to work with the predefined packages of
measures or if you want to define your own packages by using the tools offered in the
Scenario Manager.

Mode! setupwesults |
Package of mea: Scenarios:
| [ B
Save as new package | Delete package | Apply package | Save as New SCenario Delete scenatio | Change border values |

Agriculture | Urban systems | WWTP P | WWTP N |

— Target concentration

Convert arable to grassland Conservation tillage for arable land Maz TM single concentrakion at AL aukFow |2— mafl
e dies i %  yes & no  yes & o Max T concentration at river basin outlet |2— mgyl
e s 1 -2% " yes &+ ng Cyes & no Max TP single concentration at AL outflaw IUJI— mgjl
Slope class 2-4 % Cyes  Gno £ yes & o Maz TP concentration at river basin outlst 0,1 g/l
Slope class 4-8% s i Wi o
Slope class = 8 %  yes = o " ves * no Apply barget concentration |
Reduction of tile drained areas ID— 0 - 30 %
Change of N-surplus ID— 50 - 50%
Connection of agriculture and sutface waters ID— 0-30% R

Figure 1.5.14: The MONERIS Scenario Manager
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Working with predefined packages of measures

To apply the predefined packages of measures use the scroll-down menu of the ‘Package of
Measures’ dialog and select the package of measures you want to work with.

Package of measures:
| [

no changes
best case

Figure 1.5.15: Choosing Packages of Measures

Afterwards you can choose the spatial relation you want to apply the package of measures for
by using the ‘Selecting Analytical unit’ dialog (Chapter 1.5.4.3).

— Selected Analytical Unit
Grouping criceriom: I Countey j Select 4Ll
analytical unity 1002 Basin: Danube
Sub-units DE_1 Diskrick: Danube
Sub-basin; Upper Dianube 1 2, Country: DE_BWY, State: DE

Figure 1.5.16: The Selected Analytical unit dialog

Press the “Apply Package” button to enter the defined values for the chosen spatial relation
into the EXCEL database and to start the calculation.

Package of measures;

I worsk case| - |

Save as new package Delete package || apply package |

Figure 1.5.17: Applying packages of measures

Allocating predefined packages of measures to different spatial units

If you have chosen e.g. the worst case package for the aggregation level: ‘Country’ =
“Germany” you might want to apply the best case scenario for another spatial unit e.g.
“Romania”. Select the spatial relation “Romania”, choose the best case package and press the
“Apply Scenario” button again.
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Grouping crikerion:
Analytical unik: 5012
Sub-unit: aI_1

Sub-basin: Sava

— Selected Analvtical Lnit

all Analytical Units ﬂ

Sub-units - .
Sub-basins Basin:
Easins

Il snalytical nits
-—-&dminiskrative units--- D

! State il

)iner basins diskrick Diskrict:
)

Select AL

Danube
Danube

485 , Counkry: 51, Skate: 51

Figure 1.5.18: Grouping analytical units

Now the best case data for the spatial relation “Romania” are added to the EXCEL database
which contains the worst case data for “Germany” already. Thus the worst case data for

Germany as well as the best case data for Romania were taken into account for the current

modelling run.

Saving packages of measures
If you want to keep the packages of measures for Germany and Romania, click the “Save as

new scenario” button. Enter a name for the defined scenario in the dialog and press the

“Save” button.

Save sCcenario as

Please enter scenario name:

Rarania

Save

Exit

Figure 1.5.19: Saving scenarios

The defined scenario is now added to the ‘Scenario settings’ scroll-down menu. If you want to

rerun the new defined scenario, just select it in the scroll-down menu and the scenario will be

applied again automatically.

Total scenario settings:

|_no changes

aYe as New sCenaro Lelefe selecfed scenar

Figure 1.5.20: Loading scenarios
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Defining packages of measures - Overview
In addition to the predefined scenarios the MONERIS Scenario Manager holds the potential
to customize the packages of measures. Therefore you can modify the predefined settings in

the Agriculture @, Urban systems @, WWTP P @ and WWTP N @ tabs. The tabs @ and

@ are only applicable, if individual WWTP data are used. How to define new packages of
measures will be described in chapters 1.5.4.4.2 to 1.5.4.5.

A\

/N ) =)
1 < ) &
AgriculEre ILIrI:uanLS.)';.-'stems | WP P | WP 1 |

Convert arable to grassland Arable land cultivated without plough
Slope class < 1 %% ™ ves = ro T ves * no
Slope class 1 -2 %%  ves = ro T ves * no
Slope class 2 - 4 %  ves {* no T ves * no
Slope class 4 - 5 %  ves {* no T ves * no
Slope class = & % ™ ves = ro T ves * no

Reduction of ktile drained areas I a 0 - 30 %%
hange of M_surplus I a -50 - 50 %=

Conneckion of agriculture and surface wakers I a 0 - 30 %

Figure 1.5.21: Defining packages of measures

After having defined your package of measures you can save the new combination of
measures by clicking the “Save as new package” button. Type in a name for the defined

package in the dialog and press the “Save” button.

Sayve measure pre-settings as ﬂ

Please enter measure pre-setting name:

Mew Package]

Save Exit

Figure 1.5.22: Saving packages of measures
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The defined package is now added to the ‘Package of measures’ scroll-down menu. To work
with this new package of measures, select the spatial relation you want to apply the package
for and press the “Apply Package” button.

Package of measures:

no changes
worsk case
| best case

Figure 1.5.23: Loading packages of measures

Defining measures for Agriculture

In the Agriculture’ tab one can choose which areas of a defined analytical unit with a certain
slope will be converted from arable to grassland by using a ‘yes/no’ dialog. In addition it can
be determined which areas of a certain slope class are cultivated with conservation tillage.
While these measures primarily aim at the reduction of the simulated erosion, the other
definable settings of the ‘Agriculture’ tab aim at further measures for simulating agricultural
impacts on nutrient emissions.

Agriculture | Urban systems | W TP P | wwTP N |
Zonvert arable to grassland drable land culkivated without plough
Slope class = 1 %% " ves & no " ves & no
Slope class 1 -2 9% " yes & no " yes & no
Slope class =z - 4 %% " yes & no " ves & no
Slope class 4 -8 %% " ves * no " ves * no
Slope class = 8 %% " ves & no " ves & no
Reduction of tile drained areas i 0-30 %
iChange of M_surplus EI— -50 - 50 %
Connection of agriculture and surface waters III_ 0- 30 %

Figure 1.5.24: Defining measures for Agriculture
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Table 1.5.20: Description of measures for agriculture

Measure Description
Conversion of arable | With settings in ‘Agriculture’, arable land can be converted to
land to grassland grassland with consideration of different slope classes

Conversion of
conventional tillage to
conservation tillage of
arable land

With settings in ‘Agriculture’, arable land with conventional
tillage can be changed to arable land with conservation tillage
with consideration of different slope classes

In the ,Reduction of tile drained areas’ dialog the user gets the
possibility to reduce the in the Basicinfo worksheet defined tile
drained areas about a certain percentage. The eligible percentage
ranges from 0 to 30%. These percentages refer to the current tile
drained area.

Reduction of tile
drained areas

In the ,Change of N-surplus’ dialog the user can vary the
Change of N-surplus average N-surplus of the calculation period about a determinable
percentage. The eligible percentage ranges from -50 to 50%.

The ,Connection of agriculture and surface waters’ dialog refers
to the simulation of erosion processes. In this dialog the
percentage of agricultural land that transports eroded material
directly to surface waters can be reduced. The eligible
percentage ranges from 0 to 30%. These percentages refer to the
percental area of agricultural land of the catchment area.

Connection of
agriculture and
surface waters

Defining measures for Urban systems
In the ‘Urban systems’ tab one can modify various parameters that influence the emission of
nutrients from urban systems.

Agriculture  Urban systems | wanTP P | ww TR |

Increase of storage For combined sewers l':'_‘ 0 - 100 %%
Storages For rainwater of separate sewers I_D_ 0-50 %
Conversion of paved urban area to unpaved area I':'_ 0 - 20 %
Proportion of solids in septic tanks to Wy TPs I,:,_ 0 - 100 9%
FPortion of people connecked to sewers and Wi TR ID_‘ 0 - 100 %%
Connected ko sewers and WWTE O yes s
P-free detergents " wes " o

Figure 1.5.25: Defining measures for Urban systems
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Table 1.5.21: Description of measures for urban systems

Measure

Description

Increase of storage
for combined sewers

The ‘Increase of storage for combined sewers’ simulates the
enlargement of the storage facilities of combined sewer
systems. A value of 100% represents a volume of 23.3 m? per
hectare connected to paved urban area. The eligible percentage
ranges from 0 to 100%.

Storages for
rainwater of separate
sewers

The ‘Storage for rainwater of separate sewers’ dialog functions
analogously to the ‘Increase of storage for combined sewers’
dialog. The current estimated value for the degree of
development is determined on the basis of country wide
statistics. The eligible percentage ranges from 0 to 100%.

Conversion of paved
urban area to
unpaved area

In the ‘Conversion of paved urban area to unpaved area’
dialog one can reduce the calculated total paved urban area.
This reduction is carried out independently from the
calculation of the population density. The new unpaved area is
not allocated to any other land use. The eligible percentage
ranges from 0 to 20% of the currently paved urban area.

Proportion of solids
in septic tanks to
WWTPs

In the ‘Proportion of solids in septic tanks to WWTPs’ dialog
one can reduce the proportion of the population connected to
septic tanks. This modification is limited by the statistically
detected share of population connected to sewers only. At least
this share of population has to persist. The eligible percentage
ranges from 0 to 100%.

Portion of people
connected to sewers
and WWTP

In this dialog only that portion of urban population usually
connected to sewers is provided an additional access to
WWTPs. The eligible percentage ranges from 0 to 100%.

Connected to sewers
and WWTP rural

In this dialog only that portion of rural population usually
connected to sewers is provided an additional access to
WWTPs. The eligible percentage ranges from 0 to 5%.

Connected to sewers
and WWTP urban

In the ‘Connected to sewers and WWTP urban’ dialog it can
be assumed that all households connected to sewers are also
connected to WWTPs. If you want to apply this setting select
‘yes’ in the belonging ‘yes/no’ dialog.

P-free detergents

In the ‘P- free detergents’ dialog you can reduce the person-
specific Phosphorus releases by the amount of Phosphate that
originates from detergents of urban systems and WWTPs. The
current values are considered as country wide means. If you
want to apply this setting select ‘yes’ in the belonging ‘yes/no’
dialog.
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Defining measures for WWTP P/ WWTP N

In the “WWTP P’ and “WWTP N’ tabs discharge concentrations for individual WWTPs of a
certain size (connected inhabitants) can be defined (table 1.5.26 (user surface currently departs
from screenshot) and table 1.5.27). In general these concentrations should be based on the
target settings of the EC-Directive on Sewage (table 1.5.22) but might be adjusted manually as
well. On both tabs you can enter values for 5 different classes which are defined in table
1.5.22. Since WWTP data for class 1 are not available, the Scenario Manager considers data

beginning with class 2 only.

Agriculbure | Urban systems WWTP P IWWTP il |

P-concentration of WWwTP Class 2 ID— 0- & mg/l
P-concentration of WwTP Class 3 ID— 0- & mg/l
P-concentration of WwTP Class 4 ID— 0- 2 mg/l
P-concentration of WWwTP Class 5 ID— 0- 2 mg/l
P-concentration of WywTP Class 6 ID— 0-1 mg/l

Figure 1.5.26: Defining measures for WWTP P

Agriculture | Urban systems | WWTR R WWTR N I

M-concentration of WTTP Class 2
M-concentration of WTTP Class 3
M-concentration of WTTP Class 4
M-concentration of WTTP Class 5

M-concentration of WTTP Class &

0

T

0 - 60 g/l
0 - &0 mgfl
0- 15 mg/l
0- 15 mg/l

0- 10 mg/l

Figure 1.5.27: Defining measures for WWTP N
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Table 1.5.22: Concentrations for the Scenario Calculations
(* definite concentrations for the scenario calculations will still have to be discussed)

Class | WWTP population equivalent Phosphorus* Nitrogen*
2 <500 5,0 30,0
3 < 10000 4,0 30,0
4 < 50000 3,0 15,0
5 <100000 1,0-2,0 15,0
6 > 100000 0,5-1,0 10,0

Recovering default settings

To recover the default settings for the packages of measures select the ‘no changes’ entry of
the scroll-down menu of the ‘Package of Measures’ dialog. Select ‘All Analytical Units’ in
the ‘Selected Analytical unit’-dialog and press the “Apply Package” button.

Alternatively you can select the ‘no changes’ entry of the scroll-down menu of the ‘Scenario
Settings’ dialog.

Package of measures:

j

i nochanges
worsk case
best case

1 Mew Package

Figure 1.5.28: Recovering default settings

Working with target concentrations

In the ‘Target concentration’ dialog one can define target concentrations for riverine loads.
Type in the concentrations you want to set as target concentrations and press the “Apply
target concentration” button.

Two different procedures can be applied to derive the reduction need for Nitrogen and
Phosphorus emissions to reach a certain target concentration.

First a maximum concentration for the single loads of individual analytical units can be set.
Here resulting outflow concentrations at the outlet of an Analytical unit will be reduced to the
set maximum outflow concentration.

Like for the “Apply package” button the value for the concentrations set for the AU outlet are
only applied to those Analytical units being selected by the grouping criterion.

Like this you can set individual out flow concentration for different Analytical units, countries
or other groups of analytical units.

Second a maximum resulting concentration of riverine loads at the river basin outlet can be
set. For this procedure the resulting concentration of the river load at the river basin outlet
from all Analytical unit will be individually compared to the set target concentration. The
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highest outflow concentrations are subsequently reduced until the target concentration has

been reach.
- Target concentration —
Max TH single concentration ak &L oukFlow [2 man
Max TN concentration at river basin outlet [z man
Max TP singhe concentration at ALl outflow [0  maof
Max TP concentration at river basin outlet 0,1 mgfl

Apphy barget concentration

Figure 1.5.29: Setting Target concentrations

Calculating single loads

If you want to calculate the single loads for the three predefined conditions (‘long term’, ‘wet
year’, ‘dry year’ (Chapter 1.5.3)), press the “Run” button of the MONERIS User Interface.
Single loads are the loads calculated for a single analytical unit. The results refer to the basin
outlet and the outlet of the river basin district of the selected analytical unit.

FLIM

Swikch bo EXCEL

Save

Figure 1.5.30: MONERIS Control buttons
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15.44.3 The MONERIS Results

The ‘results’ tab of the MONERIS User Interface opens up the possibility to view the results
of the current calculation in form of figures and key values.

N

Model setup I Scenatio manag Results I

Figures IEmissions | Loads | Target concentrations | Export |

Figure 1.5.31: The MONERIS Results

Viewing results as figures

To display the results as figures activate the ‘figures’ tab of the ‘results’ tab. Select the figures
you want to display in the ‘Display figures’ dialog of the ‘Additional Options’ User Interface
and press the “Refresh figures” button. The chosen figures will be displayed in the adjacent
field.

TH erissions absaluk

TP emissions absoluk

TH emissions specific
TP emissions specific
TM Source appartionment ;I

OROXO

Refresh figures

Figure 1.5.32: Selecting figures
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You can select and display up to six figures at the same time. If you run the model a second

time, e.g. by applying different scenarios, you have to press the “Refresh figures” button again

to update the presented figures.

Model setup I Scenatio manager  Results I

Figures IEmissions | Loads | Target concentrations | Export |

TN emissions specific
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Figure 1.5.33: The MONERIS Results dialog-Figures

Viewing results as values

In addition to viewing the results as figures the MONERIS Results option holds the
possibility to analyse the results by presenting some key values. By switching from one tab to

another you have the possibility to evaluate the data for Emissions, Loads and Target

concentrations. All of these results are presented for the conditions Long term, Dry year and

Wet year.

Emissions

The ‘Results-Emissions’- dialog provides an overview about the ‘Emissions from selected
analytical units in tons/yr’, the ‘Emissions from selected analytical units in kg/(ha*yr)(TN)
and kg/(km**yr)(TP)’ and the ‘Proportion on total emissions in percent’ for Total Nitrogen

and Total Phosphorus.
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Model setup | Scenatio manager  Reslts |
Figures Emissions ILoads | Target concenteations | Export |
Total Nitrogen Total Phosphorus
Longterm  Dryyears et years Longterm  Dryyears et years
. Background [ gzzpz | spesz | evdzs | 5176 | aos¢ | eos9
Emissions from
selected analytical units Urbansources [ 176124 | 166773 | 171456 BN EE:
in tonsfyr Agricultural saurces [ 40605 | o0zes | | ssome | 12053 | 1o7e0 | 13262
Othersources | o718 | 70622 | 94914 | e | 63 | 676
Totalemissions | sgsgen | sg0zes | 716145 | 4o326 | 45245 | sosoe
o Background | n763 | 0,43 | 0,851 | 53¢ | 437 | 78
e O gl e
in kg/tha yr) (TN) and Agriculturalsources [ 409 [ 368 | 466 | 148 | 132 | 183
kg/(km?2'yr) (TP) Othersources [ 319 | naee | 1,16 | 0775 | o7z | oge9
[elen=cn= 50 B 7oz W 878 | 605 | ss5 | 20
. Background | 905 | gee | 969 | 105 | 83 | 121
Proportion on
total emissions Urbansowrces | 257 | | 263 | | 23,9 [ 630 IEREE
in percent Agricutural sources ey p - [epo [ s3,1 [ 24,4 EEE
EicErai 42 B 120 (B 133 | 1,28 | 141 | 1,34

Figure 1.5.34: The MONERIS Results dialog-Emissions

Loads
The ‘Results-Loads’- dialog provides an overview about the ‘Resulting load in t/yr’ and the
‘Share on resulting load at RBD outlet in percent’ for Total Nitrogen and Total Phosphorus.

Maodel setup I Scepatio manager  Results I

Figures | Emissions ~ Loads ITarget concentrakions | Export |

Resulting load in tir Total Nitrogen Total Phosphorus
Longkerm  dry years wek years Long kerm  dry years wek years
Calculaked net load From Analytical unit I 1378 I 391 I 1312 I 68,7 I 58,2 I 67,5
Calculated load from catchment: of &nalytical unit I 1378 I 306 I 1313 I 68,7 I 59,0 I 67,5
Calculated met load From analytical unit st RED autlet I 1061 I 595 I 1044 I 47,2 I 33,0 I 43,6
Calculaked load from catchment of &nalytical unit at RED outlet I 1061 I cas I 1044 I 47,2 I 67,5 I 48,6
Caleulated load from selected analytical units at RED outlet I 451237 I 350054 I 494667 I 25504 I 215315 I 27715
Share on resulting load at RED outlet in percent
Share on total resulking load at REd autlet I 100 I 100 I 100 I 100 I 100 I 100
share of background on total resulting load at RED outlet I 8,97 I 8,65 I 9,57 I 9,47 I 7,50 I 11,4
Share of agricultural sources  on total resulting load at RED I 28,4 I 31,6 I 25,9 I 74,9 I 77,7 I 69,3
Share of urban sources  on kotal resulting load at RED outlet I 48,5 I 48,1 I 1,2 I 15,2 I 14,6 I 17,5
Share of ather sources on tatal resulting load at RBD outlet I 14,2 I 11,9 I 51,2 I 0,494 I 0,524 I 0,573

Figure 1.5.35: The MONERIS Results dialog-Loads
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- Calculated net load from analytical unit: Gives the resulting load at an Analytical units
outlet after retention in the surface waters of this AU (emissions from all other AU’s are
neglected) (see figure 15.30: L _AU)

- Calculated load from catchment of selected Analytical Unit: Gives the resulting load at an
Anlytical unit’s outlet after retention in the surface waters in all belonging Analytical
units

- Calculated net load from Analytical unit at RBD outlet: Gives the load at the river basin
district outlet (mouth to the sea) which results if only the emissions from the selected AU
are considered (see figure 15.30: L OL)

- Calculated load from catchment of Analytical unit at RBD outlet: Gives the load at the
river basin district outlet which results from the emissions of the selected AU

- Calculated load from selected analytical units at RBD outlet: Gives the load at the river
basin district outlet which results from the group of Analytical units selcted by the
grouping criterion

- Share on total resulting load at RBD outlet: Gives the percentage contribution of the
emissions from the selected (group of ) AU on the total resulting load from all Analytical
units

- Share of Background/ agricultural/ urban and other sources on the total resulting load at
RBD outlet: Gives the percentage contribution of the various sources from the selected
(group of) AU on the resulting load from all Analytical units.

Target concentrations

The ‘Results- Target concentrations’- dialog provides an overview about the ‘Resulting load
in t/yr’ for Total Nitrogen and Total Phosphorus. Apart from the ‘Target concentration at
outlet’ info box, the necessary reductions for all emissions and the pathways agriculture and
urban systems are listed. Furthermore information about the reduction to reach the maximal
net concentration is provided.
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boded setup | Scenario manager  Resuls |
Figures | Emissions  Loads |Tugatcurmtrmu|£wt|

Resulting load in thr

Caloutsted net load from Anahtical unt

Cakculated boad from catchment of Analytical unt

Cakulated et boad from analytical unk st RED outlet
Calculsted laad from catchment of Analytical unk at RED cutlst
Calcuksted losd From selected analytical unks st RBD cuthet

Share on botal resulting load at RBD outlet

Shiare of background on botal resulting load st RBD outlet

Share of agricultural sources on botal resulting load at RED cutlet
Share of urban sources on total resulting load &t RBD cutlet
Share of cther sources on botal resulting load at RED outlet

Share on recsulting load at RBD outlet in percent

Total Nitrogen

Longterm  dry years  wel years
[es  [em [em
ElEE
[s  [=m [s
EREED
EE GRS
[0 [wo | w0
[wr  [wo |07
ErRETREE
I L
[181 |19 | 149

Total Phosphorus

Longherm  dry years el years
[0  [134 |27
[282 |12 | [ 28
[12s  [as ] 1se
|ze | @7 || 19
| 16663 | 1380 | tees
w0 Jwo || i
[145 |1 | e
EEE D R
IETEN E ET
[oser  |o7e |07

Figure 1.5.36: The MONERIS Results dialog—Target concentrations

Exporting data

Simple Data Export

The Export tab of the MONERIS User Interface holds the possibility to export certain results
to an EXCEL file. Select the data you want to export (‘Basicinfo’, ‘Periodical Data’,
‘Scenario settings’, ‘Scenario results’, ‘Emissions aggregated results’, ‘Loads aggregated

results’, ‘Target concentrations aggregated results’) and click the “Export” button. The export

data ‘Emissions aggregated results’, ‘Loads aggregated results’ and ‘Target concentrations

aggregated results’ are the basis of the data presented in the ‘Emissions’, ‘Loads’ and ‘Target

concentrations* dialogs of the ‘results’ tab.
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bodel setup | Scenario manager  Resuks |
Figures | Emissions  Loods | Target concentrations | Export |
Resulting load in tfyr Total Nitrogen Total Phosphorus
Longterm  dryyears  wet years Longberm  dry years el years
Colostednet lbood from Anakyicdlunt [ o5 [ 79 [ e ET R ES
Celodatedbad from catchaent of Anckycalunt [ gsy [ eo9 [ s18 [z [w7 || ms
Calaupted netload from analytical ik #REDowtlet ["o7s™ [333 [sm [12s  [es  [1s9
Calculsted load from cotchment of Anahytical Uk st RED oot (535 [ 304 | 540 [ze [ | [149
Calculsted load from selected analtical unks S RED outiet [ qumgze | somss7 | 44a9e1 [1eess [ 188 [ 19
Share on resulting load at RED outlet in percent
shaeon ol rebinooed St RBO i E [ 109 10 ] 100 | 100 | 100 | 100
Shafoof backgroond ontot reskiagload A RBB ot S 10,1 8] 100 T 10,7 | 145 | 18 | 185
Shere of aricutiure sources on bikel resubing load sk RBD ot | 542 [ sa0 | mes EX ES e
Share of urban sources on tatal resulng load &t RED outlet [ 190 | 218 | 175 EXN R e
Streof other souces on totd reabnglosd A RBO UL [ 151 [ 139 | 149 [ossr  [ome  [om

Figure 1.5.37: The MONERIS Export function

The Windows ‘Save As’ dialog opens. Navigate to the directory you want to save your results
in and type in a name for your export file.

Speichern unter I |
Speichern jn: I:ﬁ Desktop ;I @ - [ ﬂ 2 [ i3 - Extras~
4 Eigene Dateien
@ Ll nrbeitsplatz
Zulekzt I Metzwerkumgebung
verwende. ..
@
Deskiop

Dateiname:

Neéerk

- Dateityp:  [ExCEL Files (*.x1s) ;l Abbrechen |
L

Figure 1.5.38: Saving Export data to file

Click on the “Save” button and the data are exported.
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Customized Data Export

To customize the set of data for the Export function, click the “Options” button. Select the
data of the ‘Basicinfo’ and ‘Periodical Data’ you want to export and click the “Export”
button. Follow now the procedure for the simple data export and the selected data will be

exported to the determined

directory.

Mol sebup | Scepario mansger Resuls |

Figuries | Emissions | Leads | Tarqet concentrations  Export

[ estchmant ares
E atmaspherks depositon longbeem

Please select export data

[ Basicndo [~ Periodical Duta I Scenari settings [~ Seenario resuks
O select ol - O sebect 4 -

[ ssbect nore

E ctended catchenent info D Nesrplus

[0 P-scoumdation
[0 #tmospherc depostion =|

Warsion:

Optiong << Export

Viewing exported data

Figure 1.5.39: Customized data export

If you have chosen all exportable data of the ‘Export’ dialog the export-file contains the

following worksheets:

Table 1.5.23: Structure of the exported data file

Sheet name

Content

Wet_year:

Contains the Results for ‘Wet year’

Dry year:

Contains the Results for ‘Dry year’

Long term:

Contains the Results for ‘Long term’

Periodical
data:

Contains mean values for the defined period of the
periodical data file

Basicinfo:

Contains the data of the Basicinfo file

Meta-data:

Contains Meta-data about the current modelling run
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Since the structures of the Basicinfo (Chapter 1.5.2) and Periodical data (Chapter 1.5.3) were
explained already, the structure of the export worksheets ‘long term’, ‘wet year’ and ‘dry
year’ will be described in this chapter.

These worksheets have the following basic structure:

Table 1.5.24: Worksheet structure of exported data. (*1 t = long term; d y = dry year; w y = wet year)

Category Subdivision Period* | Unit
RUNOFF Net lvdyiwy| ms
Tot l1t/dy/wy | mds
NITROGEN Atmo. dep. ludywy| tyr
Overland flow lt/dy/wy | tlyr
Tile drainage lt/dy/wy | t/yr
Erosion lt/dywy | tlyr
Groundwater lt/dy/wy | tlyr
WWTP lt/dy/wy | t/yr
Urban systems lt/dy/wy | tlyr
DIN TOTAL EMISSIONS |Total N lt/dywy | tlyr
Background lt/dy/wy | tlyr
Urban systems l1t/dy/wy | t/yr
Agricultural sources |lt/dy/wy| t/yr
Other sources lt/dy/wy | tlyr
L AU/emi 1t/dy/wy -
TN TOTAL EMISSIONS |L AU/emi ldywy| -
DIN TOTAL EMISSIONS |L OL/emi lt/dy/wy -
TN TOTAL EMISSIONS |L OL/emi ltdywy| -
DIN TOTAL EMISSIONS |L OL/L cacth lt/dy/wy -
TN TOTAL EMISSIONS |L OL/L cacth lt/dy/wy -
DIN AGRICULTURAL .
SOURCES L AU/emi lt/dy/wy -
TN_AGRICULTURAL .
SOURCES L AU/emi l1t/dy/wy -
DIN AGRICULTURAL .
SOURCES L OL/emi It/dywy -
TN_AGRICULTURAL .
SOURCES L OL/emi lt/dywy -
DIN AGRICULTURAL
SOURCES L OL/L cacth l1t/dy/wy -
TN_AGRICULTURAL
SOURCES L OL/L cacth l1t/dy/wy -
DIN URBAN SOURCES |L catch/emi lt/dy/wy -
TN URBAN SOURCES L catch/emi 1t/dy/wy -
DIN URBAN SOURCES |L OL/emi lt/dy/wy -
TN URBAN SOURCES L OL/emi l1t/dy/wy -
DIN URBAN SOURCES |L OL/L cacth lt/dy/wy -
TN URBAN SOURCES L OL/L cacth l1t/dy/wy -
CALC LOAD TN lt/dy/wy | tlyr
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Category Subdivision Period* | Unit
SINGLE LOAD ATAU  |TN lvdywy| tyr
SINGLE LOAD AT OL TN lt/dy/wy | tlyr
SHARE ON TOTAL . o
EMISSIONS Total emissions l1t/dywy Yo
SHARE ON TOTAL o
EMISSIONS Background lt/dy/wy Yo
SHARE ON TOTAL o
EMISSIONS Urban systems It/dy/wy Z
SHARE ON TOTAL ) o
EMISSIONS Agricultural sources |1t/dy/wy Yo
SHARE ON TOTAL o
EMISSIONS Other sources It/dy/wy Z
SHARE ON RESULTING .
LOAD Total emissions lt/dywy | tlyr
SHARE ON RESULTING
LOAD Background lt/dywy | tlyr
SHARE ON RESULTING
LOAD Urban systems lt/dywy | tlyr
SHARE ON RESULTING )
LOAD Agricultural sources |lt/dy/wy| t/yr
SHARE ON RESULTING
LOAD Other sources lt/dy/wy | t/yr
PHOSPHORUS Atmo. dep. lt/dywy | tlyr
Overland flow lt/dy/wy | t/yr
Tile drainage lt/dywy | tlyr
Erosion lt/dy/wy | t/yr
Groundwater lt/dywy | tlyr
WWTP lt/dy/wy | tlyr
Urban systems lt/dy/wy | t/yr
TP _TOTAL EMISSIONS | Total-P lt/dywy | tlyr
Background lt/dy/wy | t/yr
Urban systems lt/dy/wy | tlyr
Agricultural sources |1t/ dywy | t/yr
Other sources lt/dy/wy | t/yr
L AU/emi l1t/dy/wy -
TP TOTAL EMISSIONS |L OL/emi lt/dy/wy -
TP TOTAL EMISSIONS |L OL/L cacth lvdywy| -
TP_AGRICULTURAL .
SOURCES L AU/emi l1t/dy/wy -
TP_AGRICULTURAL .
SOURCES L OL/emi l1t/dy/wy -
TP_AGRICULTURAL
SOURCES L OL/L cacth lt/dy/wy -
TP URBAN SOURCES L AU/emi l1t/dy/wy -
TP URBAN SOURCES L. OL/emi lt/dy/wy -
TP URBAN SOURCES L OL/L cacth 1t/dy/wy -
CALC LOAD TP l1t/dy/wy | t/yr
SINGLE LOAD AT AU TP lt/dy/wy | tlyr
SINGLE LOAD AT OL TP lt/dy/wy | tlyr
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Category Subdivision Period* | Unit
SHARE ON TOTAL . o
EMISSIONS Total emissions l1t/dywy Yo
SHARE ON TOTAL o
EMISSIONS Background lt/dy/wy Yo
SHARE ON TOTAL o
EMISSIONS Urban systems l1t/dy/wy Yo
SHARE ON TOTAL . o
EMISSIONS Agricultural sources | 1t/dy/wy Yo
SHARE ON TOTAL o
EMISSIONS Other sources It/dy/wy Z
SHARE ON RESULTING .
LOAD Total emissions lt/dy/wy | tlyr
SHARE ON RESULTING
LOAD Background lt/dywy | tlyr
SHARE ON RESULTING
LOAD Urban systems lt/dywy | tlyr
SHARE ON RESULTING )
LOAD Agricultural sources |lt/dy/wy| t/yr
SHARE ON RESULTING
LOAD Other sources lt/dywy | tlyr
Explanations of the defined terms
Sea
L_OL
Land

L_Catch

Figure 1.5.40: Schema for the analysis of the results

(L_Catch = Load at the outlet of an Analytical Unit; L._OL = Load at the River Basin District outlet)
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Table 1.5.25: Explanations of the defined terms

Terms Explanation
The relation L _catch/emi provides information
about the total percentage of retention within a

L_AU/emi certain analytical unit.
The relation L OL/emi provides information
. about the complete retention of the emissions of
L_OL/emi

a certain analytical unit at the river basin district
outlet.

The relation L OL/L_AU provides information
about the retention in the main river, beginning
at the outlet of the catchment and ending at the
river basin district outlet.

L_OL/L_catch

The ‘Calculated load’ is the load calculated for
the catchment of an AU. The calculated load can
be compared to the measured load.

Calculated
load

Single loads are the loads calculated for a single
analytical unit. “The single loads at AU’ refer to
the catchment outlet of the selected analytical
unit.

Single loads are the loads calculated for a single
Single load at | analytical unit. ‘The single loads at OL’ refer to
OL the outlet of the river basin district after
retention in the main river.

Single load at
AU

The ‘Share on total emissions’ provides
Share on total | information about the fraction of the emissions
emissions of a certain analytical unit that contribute to the
total emissions of a river basin district.

The ‘Share on resulting load” provides
Share on information about the fraction of the loads of
resulting load | selected analytical units to the resulting load at
the river basin district outlet.
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1.5.4.5 Closing MONERIS

To close the MONERIS User interface click the “Switch to EXCEL” button and close EXCEL
as normal.

FLIM

Swikch bo EXCEL

Save

Figure 1.5.41: Switch to EXCEL

Click “Yes” if you want to leave MONERIS without saving. Else save the project and close
MONERIS afterwards.

@ Do wou want to close MORERIS without sawing?

Ja Mein abbrechen

Figure 1.5.42: Closing MONERIS

Saving a Project

You can save your MONERIS Project either in the MONERIS User Interface by clicking the
“Save” button or as a normal EXECL file on EXCEL level. To save the project on EXCEL
level click the “Switch to EXCEL” button and save the project like a usual EXCEL file.

RLUMN

Siwikch ko EXCEL

Save

Figure 1.5.43: Saving a project

The ‘SAVE AS’ function in EXCEL does not work. Copies of MONERIS
can only be done with programs like explorer or Norton commander
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Appendix C: Table of Data requirements

The calculation of nutrient inputs into surface waters with MONERIS (BEHRENDT, 2000)
considerably bases on data available from standard monitoring programs and figures available
in statistical reports. In this chapter the data requirements are subdivided as follows:

- Basicinfo data : input data for different pathway calculations in the EXCEL sheets of
MONERIS 2.0 (Table C.1)

- Periodical data : data from monitoring programmes, statistical reports and coefficients
(Table C.2)

Maps

The most input data for the Basicinfo can be derived from following maps:

- catchment area of the gauge station (CAG): please add the ID for each catchment

- catchment area of the monitoring station (CAM): please add the ID for each catch-
ment.

- river flow net (RIV)

- lakes (LAK)

- soil type map (ST)

- land use map (LU)

- digital elevation model (DEM)

- administrative boundaries (AB)

- hydrogeological map (HG): porosity, permeability

- location of climatic station (LC)

- atmospheric deposition (LD)

- location of river monitoring station (LRM)

- location of gauging station (LG)

- map of tile drained areas (TD)

- nitrogen surplus (NS)

- phosphorus accumulation (PS)

- location of WWTP and dischargers (WWTP)

- soil loss map (SL)



1.7 Appendices 87
Tab. C.1: List of Basicinfo data
CATEGORY SUB- CATEGORY SPECIFICATION |UNIT
ID - -
ID GIS - -
CATCHMENT DESCRIPTION Country - -
State - -
LAWA - -
Adress - -
Description - -
Analytical unit (AU) - -
CATCHMENT DESCRIPTION  [Sub-unit (SU) - -
Sub-basin (SB) - -
River Basin (RB) - -
River basin district (RBD) - -
Monitoring stationname - -
CATCHMENT AREA Monitoring station - km?
Net - km?
ANALYTICAL UNIT AREA Total - km?
Net - km?
Without splitting -
FLOW NET EQUATION With splitting -
Main river -
ATMO DEP. NH4 Long term mg/m?
NOx Long term mg/m?
PRECIPITATION Long term Annual mm
Long term Summer mm
EVAPOTRANSPIRATION Long term Annual mm/(m?/yr)
Urban area - km?
Arable land <1% km?
Arable land 1-2% km?
Arable land 2—-4% km?
Arable land 4—-8% km?
Arable land >8 % km?
Grasland - km?
LANDUSE* Natural covered land (forest,
grassland, shrubland) - km?
Water surface - km?
Open pit mine - km?
Open area - km?
Wetland - km?
Remaining areas - km?
Total area with Erosion potential km?
TILE DRAINAGE Tile drained area | %
Derived from 1km
ELEVATION GRID m
Derived from 1km
SLOPE_1000 Net GRID %
Derived from 100
SLOPE_100 Net m GRID %
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CATEGORY SUB- CATEGORY SPECIFICATION UNIT
Sand - km?
Clay - km?
Loam - km?
SOIL Fen - km?
Bog - km?
Silt - km?
N content topsaoil - %
Clay content topsoil - %
Arable Land MED_SL_1_ t/(ha-yr)
Arable Land MED SL 1 2 t/(ha-yr)
Arable Land MED SL 2 4 t/(ha-yr)
SOIL LOSS Arable Land MED SL 4 8 t/(ha-yr)
Arable Land MED SL 8 t/(ha-yr)
Arable Land MED_SL_GRA t/(ha-yr)
Arable Land MED_SL_NATCOV t/(ha-yr)
Mean total Catchment t/(ha-yr)
C-Factor current -
NITROGEN SURPLUS current kg/(ha-yr)
Unconsolidated soil Shallow groundwater km?
HYDROGEOLOGY Unconsolidated soil Deep groundwater km?
Consolidated High porosity km?
Consolidated Impermeable km?2
SEWER SYSTEMS Sewer flow length - km
Black and gray water - km
RIVER FLOW LENGTH Main river (MR) - km
Tributary (TRIB) - km
MR Total area in AU km?
Area of lakes at outlet
LAKE AREA to be considered sepa-
MR AU outlet rated for Retention km?
TRIB Total area in AU km?

* areas with erosion potential = total catchment area - urban areas - water surface areas - wetlands



1.7 Appendices 89
Tab. C.2: List of periodical data for the level of country data and analytical units
MAIN CATEGORY : COUNTRY DATA
CATEGORY SUB- CATEGORY SPECIFICATION | UNIT
CSO-STORAGE -
C-FACTOR -
P ACCUMULATION - kg/(ha-yr)
N SURPLUS - kg/(ha-yr)
TP per Inhabitant -
TP_detergents_per_inhabitant -
MAIN CATEGORY : ANALYTICAL UNIT
CATEGORY SUB- CATEGORY SPECIFICATION | UNIT
NHx Study period mg/m?
ATMO DEP. NOx Study period mg/m?
TP Study period mg/m?
PRECIPITATION Prec_mean_annual - mm/(m?/yr)
Summer - mm/(m?/yr)
SPLITTING FACTOR Splitting factors - -
RUNOFF Net catchment calculated m?3/s
Total catchment observed m?3/s
DIN - tlyr
OBSERVED LOAD TN - tlyr
TP - t/yr
WATER TEMPERATURE Tw - °C
Total - -
INHABITANTS Connected inhabitants | - -

Connected to WWTPs and sewers




90 1.7 Appendices
Tab. C.3: List of periodical data for the level of WWTP
MAIN CATEGORY : WWTP

CATEGORY SUB- CATEGORY [SPECIFICATION | UNIT
ID

TP kg/yr
Total discharge from WWTP per catchment | TN kglyr

Q-WWTP m3/s
WWTP NAME
Country ID
Type
Population equivalent Original
Population equivalent Completed
Cities>10000 Name
Cities>10000 Population
Size Class

Primary

Secondary
TREATMENT STAGE Tertiary N

Tertiary P

N short

P short
N conc. at outlet Original mg/|
P conc. at outlet Original mg/l
Discharge Current original m3/s
N load t/yr
P load t/yr
Discharge m3/yr
N concentration at outlet Current mg/l
P concentration at outlet Current mg/|
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Appendix D: Abbreviations and Acronyms

AaL

AU
AVHRR
CCC
CLC
CORINE
C-Factor
CSO
DIN
DSMW
EEA
EMEP

ER
ESRI
FAO
FNE
GIS
GPCC
ICPDR
IGB
ISO
JRC

Lawa

MONERIS
MR

N

NH4-N
NH4

NILU

NO;

Arable Land

analytical unit

Advanced Very High Resolution Radiometer

Chemical Coordinating Centre

CORINE Landcover

Coordinated Information on the European Environment
crop factor of the USLE

combined sewer overflow

dissolved inorganic nitrogen

digital Soil Map of the world

European Environmental Agency

Co-operative Programme for Monitoring and Evaluation of the Long-Range

Transmission of Air Pollutants in Europe

Enrichment Ratio

Environmental System Research Institute

Food and Agriculture Organization

Flow net equation

Geographic Information System

Global Precipitation Climatology Centre

Inventory of International Commission of Protection of the Danube River
Leibniz-Institute of Freshwater Ecology and Inland Fisheries
International Organisation for Standardization

Joint research centre of the European Commission

German Working Group on water issues of the Federal States and the
Federal Government

MOdelling Nutrient Emissions in RIver Systems
Main River

Nitrogen

ammonia-nitrogen

ammonia

Norwegian Institute for Air Research

Nitrit



92 1.7 Appendices
NO; Nitrat

NO4-N nitric oxides-nitrogen

NO4 nitric oxides

OECD Organization for Economic Co-operation and Development
ORNL Oak Ridge National Laboratory

P Phosphorus

PO, Phosphat

PESERA Pan-European soil erosion risk assessment

QD domestic wastewater

QCOM commercial wastewater

QEX external wastewater

QU urban wastewater

QST storm wastewater

QTOT total wastewater

RAM Random Access Memory

RB river basin

RBD river basin district

SB subbasin

SDR sediment delivery ratio

SED Sediment Input

SL Slope

SOL Soil Loss

SRP soluble reactive phosphorus

SRTM Shuttle Radar Topography Mission-Data

SRTM-DEM Shuttle Radar Topography Mission-Digital Elevation Model
SU subunit

TN total nitrogen

TP total phosphorus

TPE treated population equivalents

TPEN treated population equivalents (inhabitants)

TPEup treated population equivalents (indirect industrial discharges)
TRIB Tributaries

UBA German Federal Environmental Agency

USGS United States Geological Survey
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USLE
VBA
VSEU
WFD
WSA
WWTP
WWTP N
WWTP P
Zn

Universal Soil Loss Equation

Visual Basic Application

Valuated Soil Ecological Unit

Water Framework Directive of the European Union

Water surface area

wastewater treatment plant

discharge concentration of nitrogen for individual WWTP’s
discharge concentration of phosphorus for individual WWTP’s

Zinc
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Appendix E: Abbreviations used in MONERIS

Aar
Ang

acomMm
Apr
Aprp
AprL
ApRr
Aprs
AgzG
Aror
AGras
Ay
AprT
Avp
Avpc

AIMPN

Anmps
amp

Avpso
ALake

Ag

Aop
AS

As
ASurs
AtauAu

Aurs

unit conversion factor

area of arable land from CLC

agricultural area

catchment area

proportion of total urban area in commercial use
drained area

area of drained bog soil

area of drained loams

area of drained fen soil

area of drained sandy soil

catchment area

area of forest

grassland area

area of bog soil

area of different hydrogeological rock types
impervious urban area

impervious urban area connected to combined sewer system

impervious urban area connected neither to a sewer nor to a wastewater
treatment plant

impervious urban area connected to separated sewer system

share of precipitation realized as surface runoff from impervious urban areas
urban area connected only to sewers

surface area of lakes in main rivers (MR) and tributary rivers (TRIB)
area of loamy soil

area of fen soil

open area

specific metal input from impervious urban areas

area of sandy soil

specific heavy metal input from impervious urban areas

total catchment area (TAu) and analytical unit (Au)

total urban area
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Awoor
B

C

Ccomyp
Cor,,
Cors,
Cobre,
Corr,
Cors,
CDRNO3—N
Cwny
Cowacggrp
CGWBSRP
Cowr SRP
CGWLSRP
CGWSSRP
CGWTP
Cownosn
CGWSRP
Cowwoorsgp
Ci

CLWPOTN03_N

Cro
Croary p
CroGrasy p
CRON,P
Crorory p
Croopy p

Cswy

woodland and open area
modul coefficient for denitrification (0.641)

cover-management factor — the ratio of soil loss from an area with specified
cover and management to soil loss from an identical area in tilled
continuous fallow

nutrient concentration in commercial wastewater
drainage water phosphorus concentration

drainage water phosphorus concentration for sandy soil
drainage water phosphorus concentration for loamy soil
drainage water phosphorus concentration for fen soil
drainage water phosphorus concentration for bog soil
nitrate concentration in drainage water

nitrogen concentration in groundwater

groundwater SRP concentration for agricultural land
groundwater SRP concentration for bog soil
groundwater SRP concentration for fen soil
groundwater SRP concentration for loamy soi
groundwater SRP concentration for sandy soil

TP concentration in groundwater

nitrate concentration in groundwater

SRP concentration in groundwater

groundwater SRP concentration for woodland and open areas

measured concentration

potential nitrate concentration in leakage water for the total area at base
flow

surface runoff from non paved areas

nutrient concentration in surface runoff from arable land
nutrient concentration in surface runoff from grassland
nutrient concentration in surface runoff

nutrient concentration in surface runoff from forest
nutrient concentration in surface runoff from open land

nutrient concentration in leakage water
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CWWpnN concentration of dissolved inorganic nitrogen in wastewater
CWWnorG concentration of organic nitrogen in wastewater

CWW5p concentration of phosphorus in wastewater

D atmospheric deposition rate of heavy metals

DEPxp area-specific deposition

DR exponent for denitrification

EADnp nutrient input via atmospheric deposition

Epi emissions from point sources discharging directly into the main river
Eponi DON emissions from AUi

EDRyp nutrient emissions via tile drainage

EERNp nutrient input via erosion

ERn enrichment ratio for nitrogen

ERp enrichment ratio for phosphorus

EGWyp nutrient input via groundwater and natural interflow

E; total (P or N) emissions from AUi

EINpy p inhabitant-specific output of dissolved nutrients

EINN inhabitant-specific nitrogen output

EINNp inhabitant-specific nutrient output

EIN, inhabitant-specific phosphorus output

EROnp nutrient input via surface runoff

ESmvp specific nutrient emissions from impervious urban areas
ETRmax maximum annual evapotranspiration

EUCnp nutrient emission via combined sewer overflows

EUNNp nutrient input from inhabitants and impervious urban areas connected

neither to sewers nor to wastewater treatment plants

EUSNp nutrient inputs via separate sewers

EUSOnp nutrient input from impervious urban areas and inhabitants connected only
to sewers

EWWy nitrogen emission from wastewater treatment plants

EWWp phosphorus emission from wastewater treatment plants

FL River length main rivers (MR) and tributary rivers (TRIB)

HL hydraulic load

INc number of inhabitants connected to combined sewer systems

INcon connected inhabitants
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INN

INso

kMR,TRIB

L

Lpmi
Lrpi

Lrni

LW

Nsur

Nsurt
Nrrsur
Qi

Qxi

q

Qap
qcom
Qcomc

QCOMSO

Qor

number of inhabitants connected neither to sewers nor to wastewater
treatment plants

number of inhabitants connected only to sewers

soil erodibility factor — the soil-loss rate per erosion index unit for a
specified soil as measured on a standard plot, which is defined as a 22.1 m
length of uniform 9 % slope in continuous clean-tilled fallow

modell coefficient

slope length factor — the ratio of soil loss from the field slope length to soil
loss from a 22.1 m length under identical conditions

calculated DIN load for catchment of AUi

calculated TP load for catchment of an analytical unit i (AUi)
calculated TN load for catchment of AUi

leakage water quantity

annual load

number of data

nitrogen surplus of agricultural areas

nitrogen surplus of agricultural areas

average nitrogen surplus within the period of travelling time
runoff from selected AU

runoff from catchment of selected AU

support practice factor — the ratio of soil loss with a support practice like
contouring, stripcropping, or terracing, to soil loss with straight-row farming
up and down the slope

number of years with measuring data in the study period
population density

average precipitation in the summer half year

average precipitation in the winter half year

average annual precipitation

average runoff

specific runoff

atmospheric input flow

specific runoff from commercial areas

runoff from commercial areas connected to combined sewers
annual runoff from commercial areas only connected to sewers

tile drainage flow
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Qp arithmetic mean of daily flow

dpr specific drain water flow

qdc average yearly specific runoff

qgw specific groundwater flow

Qaw base flow and natural interflow

QMeas arithmetic mean of all daily flow data with measurement of concentration

qiN daily wastewater output per inhabitant

qmvp specific surface runoff from impervious urban areas

Qmpc storm water runoff from combined sewer systems

gr rainfall runoff rate

Qro surface runoff from non-paved areas

dro specific surface runoff

QrAuAu specific runoff of the total catchment (TAu) and analytical unit (Au)

Qurs surface runoff from urban areas

QwWw water discharge from the wastewater treatment plants

R rainfall-runoff erosivity factor — the rainfall erosion index plus a factor for
any significant runoff from snowmelt

RE discharge rate of combined sewer overflows

Rioi Retention waterbody at outlet of AU

Rwmri Retention in main river without retention in waterbody at the outlet of the
AU

Ry Retention tributaries

RRy nitrogen removal rate

RRp phosphorus removal rate

Rsyp nutrient retention in soil (80 % for nitrogen and 90 % for phosphorus)

RWwr, TrRiB river width of main rivers (MR) and tributary rivers (TRIB)

S slope steepness factor — the ratio of soil loss from the field slope gradient to
soil loss from a 9 % slope under otherwise identical conditions

SDR sediment delivery ratio

SED sediment input

SOL soil loss

SLCA mean slope from USGS-DEM

slay mean slope of the analytical unit (Au)

TTow Travelling time of the groundwater
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U

Vs
WSA| o
WSAmri
WSATRIBi
WSARrw

WTR

ZNsT

correction factor for the different location of flow and concentration
measuring station within the same catchment area

storage volume
water surface area of water body at outlet of selected AU
water surface area of main river in selected AU

water surface area of all tributaries in selected AU

calculated area of the surface waters differentiated in main and tributary
river

proportion of dissolved human nutrient output transported to wastewater
treatment plants

effective number of storm water days
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1. Application of MONERIS within the Danube
river basin

1.1 Characterization of catchment area

The Danube River Basin is a large sized river basin of more then 800000 km? that covers sev-
eral countries in Central and South Eastern Europe (Map I1.1). This chapter shortly presents
the relevant input data for the application of MONERIS (see 1.3.3). It follows the overall
structure there.

11.1.1 Spatial input data

Large-scale national river networks of some countries’ were merged with mid- to small-scale
“Corine Land Cover” (in 2000 by EEA 2004) and “Digital Chart of the World” (ESRI 1993)
datasets to elaborate a harmonized river network for the whole basin. Overlapping parts were
removed and polygon segments were preferred to lines thus retaining area information. Al-
though being projected uniformly, deviations were common and had to be manually consid-
ered for length and area statistics. In addition, a 3’ SRTM digital elevation model (USGS
2007) was used for elevation (Map 11.2) and slope classification (Map 11.3).

Based on this network, the basin was further sub-divided according to elevation, administra-
tive areas and hydrological districts in close cooperation with national partners. The results
had to be verified and aligned along the countries’ boundaries. More than 900 analytical
units (AU) could thus be separated. (Map I1.4 and Chapter 1.4.1.1.1)

Land cover classes were obtained by merging the “Corine Land Cover” (EEA 2004) and
“Pan-European Land Use and Land Cover Monitoring” (PELCOM 2004) databases. The
original classification was adapted to the MONERIS landuse classes (Map 11.5, see also chap-
ter 1 5.2 and table 1 5.7). Arable land was attached to slope classes.

The European Soil Database version 2 (EUROPEAN SoIL BUREAU NETWORK & THE EURO-
PEAN CoMMISSION 2004) was suitable for discriminating soil properties. It already consisted
of layers for several physico-chemical properties (see Map 11.6 as an example). Furthermore,
soil loss was estimated using slope, Corine Land Cover classes and agricultural statistics
(Map 11.7, see chapter |1 4.2.2.4).

! Germany, Austria, Hungary, Serbia, Bulgaria, Romania, Slovenia, Slovakia and Switzerland
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REGIONALE ZUSAMMENARBEIT DER DONAULANDER (1986) provided an hydrogeological map
that was used to discriminate rock types according to consolidation and groundwater level
(Map 11.8).

Monthly means for several decades of precipitation were calculated by interpolating® global
(GPCC 2002) and some national station data®. The results were aggregated to annual, summer
and winter means. Map 11.9 shows the long-term annual mean. Long-term runoff was based
upon “Mean Annual Runoff in the Danube Basin” map (REGIONALE ZUSAMMENARBEIT DER
DONAULANDER 1986, Map 11.10).

Long-term atmospheric deposition rates of nitrogen oxides and ammonium were taken from
the CO-OPERATIVE PROGRAMME FOR MONITORING AND EVALUATION OF THE LONG-RANGE
TRANSMISSION OF AIR POLLUTANTS IN EUROPE (2002). Total nitrogen deposition was defined
as the sum of both input data (Map 11.11).

Spatial data on municipality (GFK MAacoN GMBH 1999) and city population (HELDERS 2006)
was used to calculate population density and to distinguish between urban and rural popula-
tion (Map 11.12).

11.1.2 Data for calculating point source emissions

Point source emission data was taken from the INVENTORY OF INTERNATIONAL COMMISSION
OF PROTECTION OF THE DANUBE RIVER (ICPDR 2000). As an example, the location of water
treatment plants is shown in Map 11.13.

11.1.3 Monitoring data for surface water

Monitoring station data from the TRANSNATIONAL MONITORING NETWORK (TNMN 2006)
and national data from most countries were combined to build monitoring database (Map
I1.14). This database described water temperature and discharge as well as chemical parame-
ters on water quality although the number of measured parameters and the temporal coverage
differed very much.

2 using Inverse Distance Weighted (IDW) interpolator as implemented in the software ArcView 3.2 (ESRI
1999), parameters: neighbors = 8, power = 1

® Slovakia, Slovenia, Romania, Poland, Hungary, Germany and Austria
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11.1.4 Administrative and agricultural data

FAOSTAT (FAO 2007) and national data was used for statistics of agriculture and land use
over several decades. Pre-existing values for the former Soviet Union, Czechoslovakia and
Yugoslavia had to be assigned to their succeeding countries by multiplying with the fraction
in the first year of independence of the respective countries. Land use fractions were finally
used to adjust the C factor of the soil loss equation.

11.1.5 Maps
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Map I1.5: Land cover in 2000 within the Danube River Basin
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Map 11.6: Soil texture in the Danube River Basin
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Map I1.7: Soil erosion estimates on arable land in the Danube River Basin
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Map 11.8: Hydrogeology in the Danube River Basin
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Map 11.9: Long-term precipitation in the Danube River Basin (1951-2004)
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Map 11.10: Long-term runoff in the Danube River Basin (1931-1970)
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Map 11.11: Long-term total atmospheric N deposition in the Danube River Basin (1980
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Map 11.13:  Waste water treatment plants in the Danube River Basin
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Map 11.14: Monitoring stations in the Danube River Basin
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