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1. Rationale

The aim of this work is to quantify nutrient emission patterns in the Tisza river basin (TRB) as part of the
JOINTISZA project and the updated Tisza River Management Plan. We build on the MONERIS (Modelling
nutrient emissions in river catchments, Venohr et al. 2011) application for the 2" DRBMP (ICPDR 2015).
The focus is on revising the input data for land use, soil erosion, and nitrogen surplus and integrating
them into the latest MONERIS version in order to harmonize the results with the current European-wide
model application within the MARS project (www.mars-project.eu) and to improve the estimation of
nutrient fluxes for the time period 2009-2012. The new database also serves to update three scenario
calculations for future nutrient emissions.

To foster the acceptance of the model outcome, it was agreed that the Tisza countries provide national
data until 31% of October 2018. Since then, two short interim reports were delivered in order to keep the
contract partners updated about the ongoing work and receive feedback regarding the setup of the
model. On 8" of February and after the meeting in Vienna on 12" of March 2018 additional hydrological
data was delivered by Hungary and Romania and included in the hydrological calibration.

2. Model setup of MONERIS and manual

Venohr et al. (2011) provide a comprehensive overview of the MONERIS including model structure,
algorithms and implementation of measures (see attachment). Over the recent years MONERIS has been
modified including a new P retention approach (see description in Gericke and Venohr 2015a) and a new
approach of modelling of dissolved P concentrations in surface runoff (see 3.5). Furthermore, the uptake
of N in the root zone has been adapted (Heidecke et al. 2014). The latest user manual of the model is
attached to this report (see chapter 8.).

3. Input data
In the following, a documentation of the database updates in comparison to the Danube 2014 model
setup (Gericke and Venohr 2015a) is given. Note, the appendix provides further information which were
delivered as short reports to the ICPDR on 1* of December 2017 and 1°** of February 2018.

3.1. Hydrology

Romania and Slovak Republic provided new hydrological and water quality data. Hungary provided new
hydrological data. The new data were checked for plausibility and included in the model calibration and
validation. Four Hungarian gauges were replaced by near-by Slovakian and Romanian stations in
agreement with the ICPDR (more detailed explanation see appendix 6.3). A map of the former and new
hydrological stations included in the hydrological calibration is given in Fig. 1.


http://www.mars-project.eu/

Figure 1: Hydrological stations used for hydrological setup. Color schemes indicate the groups of analytical units
(AUs) which are connected to the same gauge, bright colors represent new hydrological sub-catchments derived for
new implemented stations (green): gauges SK9, RO12, RO13, RO15 are substituting former Hungarian gauges (more
detailed information: see attachment); blue lines represent major rivers of the catchment.

Due to the new stations, the water rich upper part of the basin could be much better described and
considered. In turn, a partly negative water balance (Fig. 2) became apparent calculated as difference
between the discharges observed at HU9 and the sum of discharges of upstream gauges. Partly negative
water balances were also observed between discharges at hydrological station Lake and its upstream
gauges. These observations were not explainable by precipitation and evapotranspiration (see Fig.2,
appendix 6.3).
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Figure 2: Monthly water balances as difference between a) hydrological station HU 9 and its upstream hydrological
stations and b) hydrological station Lake and its upstream hydrological stations

The strong negative balance between monitoring stations are assumed to originate from increase of
evaporation in lakes and reservoirs, water abstractions or inundation of riparian wetlands and result in a
complex hydrological situation which is difficult to be modelled without detailed information on the
water management in the Tisza basin. We modified our run-off calibration approach in order to reflect
these hydrological conditions (Fig.3). It consists of following principal elements:

1) Monitoring stations were allocated to AUs for which they best represent run-off at the outlet.
Un-monitored AUs were allocated to the next downstream located monitoring station or to a
station of neighboring sub-catchment showing similar conditions in precipitation, evaporation
and topography.

2) The observed run-off of neighboring monitoring stations was compared. In particular the sum of
run-off from HU10 and RO12 was in individual winter month considerably higher than such
observed at the next downstream station Vasar, indicating a water release from the various
upstream located reservoirs. To generate realistic run-off values we calculated the mean annual
ratio Vasar/(HU10+R0O12) and applied this for monthly ratios larger than 1.1. The residual run-off
was considered as water addition from the reservoirs.



run-off in m%s

3)

Water balances were calculated as precipitation minus evaporation. For each AU allocated to a
monitoring station an additive parameter was calibrated to derive a complete agreement with
the observed monthly runoff. This additive parameter represents e.g. snow storage,
groundwater recharge, but could also indicate an erroneous evaporation rate.
If negative water balances were derived a minimum run-off was calculated as

Q _ WBay
TN WBimean
With:

Qmin = minimum monthly run-off per AU in m3/s

Gmeanareay * 0.001

WBAU = monthly water balance (Precipitation — Evaporation) in AU in mm/month

WBmean = monthly water balance (Precipitation — Evaporation) in Tisza basin in mm/month
gmean = mean monthly specific fun-off derived from first calibration run in I/s/km?

areaAU = area of AU in km?

Remaining negative balances were replaced by a run-off of 0.01 m3/s. Due to this artificial
increase in run-off an overestimate of observed run-off occurred. This was counterbalanced by a
water abstraction term. This term, however, can still represent different causes for reduced run-
off, such as, flooding of polders, or the loosing phenomenon.

This approach lead to a complete agreement between modelled and observed run-off (mean absolute

deviation 0 %, r? = 1), non-negative run-off generation per AU (pre-requisite for MONERIS) and a realistic

spatial pattern of a climate driven run-off generation (see appendix 6.1).
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Figure 3: Principal elements considered for Hydrological calibration in Tisza catchment

3.2. Land use

For EU countries, the latest version of Corine Land Cover (CLC 2012) was used to update the land use
data. The differences are negligible (Fig. 4) as the DRBMP is based on a preliminary version of CLC 2012.
However, we integrated the ECRINS dataset (EEA 2012) which increased the water surface area in the

model setup. More significant differences occur in the Ukraine where the former rather old dataset was

replaced by the latest data available from GlobCorine (2009) resulting in a decrease of grassland and

naturally covered area and an increase of arable land compared to the setup of Gericke and Venohr

2015a. More details are provided in appendix 6.3.
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Figure 4: Changes in land use input data in comparison to MONERIS setup for Danube 2014.

3.3. Nitrogen surplus

N surplus is a key input dataset for modelling of nutrient emissions in the Tisza basin. MONERIS needs
two datasets: values at AU level for a reference year to describe the spatial variability (ideally derived
from regional data) and a national time-series to describe the inter-annual variability.

In the meeting on 10" of March, it was agreed on using the same N surplus data for reference year 2012
as used in the Danube 2014 MONERIS setup (Gericke and Venohr 2015a). However, since then the time
series of national N surplus was revised by EUROSTAT (EC-EUROSTAT 2018). The new values differed for
HU, SK, and RO in comparison to the data available in 2015 — indicating methodological updates (Fig. 5).
Especially for RO, the new values are considerably higher than before. For SK, we observed that the new
national value for 2012 (41 kg/ha) matches much better the estimated area-weighted mean of the
regional data (46 kg/ha) than before (31 kg/ha).

Similar to the Danube, we used the same time-series for UA and RO. As no time-series was available for
Serbia, we used the (slightly changed) time-series from Slovenia in combination with regional data
provided by Serbia for 2012.
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Figure 5: N surplus data on national level for the years 2009 to 2012 according to EUROSTAT 2015 and EUROSTAT
2018. UAA = utilized agricultural land.

3.4. Soil loss and C factor

The update of the soil loss values in the database considers the new land use input data as well as a new
soil loss map (Fig. 6) derived in the MARS project (Venohr et al. 2018a) based on Gericke (2015). Firstly,
the R factor (rainfall erosivity) of the USLE was derived from long-term average annual precipitation from
1975-1999 (Vogt et al. 2007) instead of 1961-1990. More important, the R factors were also estimated
from published regression models from various countries instead of a single relationship established in
Germany. These new regression models result in 50% higher R factors. Secondly, the new K factor (soil
erodibility) was derived from the Harmonized World Soil Database (HWSD) considering not only the silt
content to estimate K factors (as originally derived by Strauss et al. 2005) but also clay, sand, and
stoniness.

Given the multiplicative character of the USLE, the new estimations of R and K factors resulted in an
average increase of 100% for the whole Tisza compared to earlier application. Note, this increase is not
related to any changes in management. In fact, the USLE C factors were left unchanged. It should rather
be seen as a revision of the input data similar to the revision of the nitrogen surplus. Although the
revised soil loss map might better reflect the variability of rainfall erosivity and soil erodibility than the
original soil loss map, the resolution of European data and the USLE are inherent limitations. The effect
of soil protection is separately considered in MONERIS (see chapter 5 — scenarios for the effect of
measures on nutrient losses).
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3.5. Deriving P losses by surface runoff through degree of phosphorus saturation
Together with nitrogen agricultural soils are usually fertilized with phosphorus. In contrast to nitrogen,
phosphorus (P) easily sorbs to soil particles and thus accumulates in the soils. At the same total P content
stored in soils the share of easily available P to plants and surface runoff can vary considerably
depending on the soil type. Sandy soils have much lower sorption capacities than loamy soils, calcareous
and decomposed peat soils and thus are more vulnerable to P losses (Pothig et al. 2010). The amount of
P which is easily available to surface runoff depends on the share of sorption sites occupied by
phosphorus on all available P sorption sites in the soils. This percentage is commonly expressed as
degree of phosphorus saturation (DPS, Nair 2014). Unfortunately, DPS is not a standard method in soil
analyses but can be directly derived from a standard soil test method of water soluble phosphorus (WSP,
Po6thig et al. 2010, Fischer et al. 2018). As WSP is also a good predictor of P losses by e.g. surface runoff a
method was established to derive WSP and DPS values from P content in soils.

WSP was calculated as weighted mean per 500 m grid cell according to results by (Pothig, Behrendt,
Opitz, & Furrer, 2010) and Pothig (unpublished data). For loamy and silty soils the correlation found for
loamy soils was applied (as no equation for silty soils was available, Fig. 7 and Equation 1). WSP values
calculated by Equation 1 were limited to a maximum of 60 mg/kg, as the range of observed WSP did not
exceed this value in the former studies.

12
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Figure 7: Correlation between P-content in soils and measured WSP in soil samples of Germany and Switzerland
(Pothig unpublished data).

. . __ ((P—content x 0.0451 x Sand ) + ([P—content] X 0.018 x[Clay])+ ([P—content] x 0.018 x][Silt]))
Equation 1: WSP = (silt+ [Sand]+ [Clay])

With: WSP = water soluble phosphorus, mg/kg
Sand = share of sand fraction in soils, in %
Clay = share of clay fraction in soils, in %
Silt = share of silt fraction in soils, in %
P-content = Phosphorus content in upper 30 cm soil layer, in mg/kg

As a prerequisite, we derived the spatially distributed P content in agricultural soils using the country
wide P-accumulations, to calibrate the total P content and using the N-surplus described above to derive
the spatial distribution of applied fertilizers. This approach was developed, tested and calibrated for
agricultural soils in Germany and subsequently applied to European data.

In a first step country wide P balance data on agricultural areas were collected from EUROSTAT (EC-
EUROSTAT), and area corrected as described before (Fig. 8). The longest time series ranged from 1985 to
2014, whereas the shortest time series only covered data after 2004. To estimate the P-accumulation,
we considered also fertilisation from earlier years. From a reconstruction of historic nutrient balances in
central Europe (Gadegast & Venohr, in prep.) we know that intensive fertilisation already took place in
the 1960ies and often found its maximum in the 1980ies. From this we derived following rules of thumb:

1) P-balances in 1960 equal the earliest reported available value per country (between 1985 and

2004)
2) In 1950 P-balances accounted for 10 % of the values in 1975 (for this year P balances in all

countries were positive, but not at their maximum)
3) In 1980 P-balances were 20 % higher than in 1960. These values were corrected for Estonia and

Hungary, to ensure, that P-accumulation remained positive for all years.

13
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Figure 8: Available P-balance on country (left) and the accomplished time series (right).

The P-accumulation was calculated as the accumulative sum of P-balances over the years (Fig.9).
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Figure 9: P-accumulation on agricultural land per country in the period from 1950 and 2014.

P-accumulation was distributed following the approach described in Venohr et al. (2018b) for nitrogen
surplus, without taking atmospheric deposition into account, as no spatially distributed P deposition
information was available.

P-content was derived from bulk density information by the LUCAS physical top soil information map
(Ballabio, Panagos, & Monatanarella, 2016). The LUCAS topsoil dataset was made available by the
European Commission through the European Soil Data Centre (ESDAC) managed by the Joint Research
Centre (EC-JRC, http://esdac.jrc.ec.europa.eu/).

First the soil weight of the top 30 cm soil layer (ploughing horizon) was calculated (Equation 2).
Equation 2: Soil weight = BulkDensity x LayerDepth x UCF

With: soil weight = soil weight of the top 30 cm soil layer, kg/ha
Bulk density = Bulk density, in g/cm3
LayerDepth =30 cm
UCF = unit correction factor (g/cm? = kg/ha) = 100000

By dividing the corrected and spatially distributed P-accumulation by the derived soil weight the mean P-
content in top soils was estimated (Equation 3).
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[pacc]

Equation 3: P_content = m

With: P-content = Phosphorus content in upper 30 cm soil layer, in mg/kg
P-acc = P-accumulation, in kg/ha
soil weight = soil weight of the top 30 cm soil layer, kg/ha

DPS was estimated considering the soil type information by LUCAS and considering the transformation
function from Po6thig, Behrendt, Opitz, & Furrer (2010, Fig. 10).
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Figure 10: Degree of phosphorus saturation (DPS) in % derived for Europe.

P-concentrations in surface run-off was finally calculated according to Vadas et al. (2005), which was
corrected on basis of findings by Fischer et al. (2017), to eliminate effects originating from different soil
to water ratios used by Vadas et al. (2005) and Pothig et al. (2010, Equation 4).

11.2 « WSP_arable + 66.9

Equation 4: PconcSR = (. 1000

) X WSP_corr

With: PconSR = P-concentration in surface run-off, in mg/I
WSP = water soluble phosphorus, mg/kg
WSP_corr = WSP correction factor, without uni
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4. Results

4.1. Overall emissions in Tisza catchment

The updated database and the new modelling approaches resulted in average total emissions of 95 kt/yr
TN and 4.7 kt/yr TP for the Tisza catchment (Fig. 11). This corresponds to an increase of 45% of TN
emissions and 10% of TP emissions compared to Gericke and Venohr 2015a.
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Figure 11: Average yearly nutrient emissions (2009-2012) in the Tisza basin in comparison to the last MONERIS
application (Gericke and Venohr 2015a).

The increase in N emission is the consequence of the revised N surplus values which affect the emissions
via groundwater, interflow and tile drainage (Fig. 5, Fig. 12). The updated potential soil loss (Fig. 6)
contributes to an overall increase in P emissions to surface waters via soil erosion (soil erosion is of
minor importance for TN emissions) in the northern part of the catchment. The percentage of P
emissions by surface runoff increased due to changes in the model setup (see 3.5., Fig. 12, Gericke and
Venohr 2015a).

AD AD
m SR = SR
mER m ER
TN, mTD a 7TI:J' mTD
.7 kt/yr
95 kt/yr B GW 1y mGW
us
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mPS
mPS

Figure 12: Mean share of the pathways on the total nutrient emissions in the Tisza catchment during 2009-2012:
AD=atmospheric deposition, SR=surface runoff, ER=erosion, TD=tile drainage, GW=groundwater, US=urban

systems, PS=point sources
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Table 1: Share of both nitrogen and phosphorus emissions from different land-use types and via considered pathways in Tisza river basin for the reference status
(long-term 2012).

Area specific emission for nitrogen in kg/ha and for phosphorus in kg/km?2, numbers in brackets represent the share on the total nitrogen or phosphorus emissions.
WSA = water surface area; specific emissions on surface waters can be higher than considered in the input data, as we used, for reasons of data consistency, the
original water surface area derived from the land-use maps. This does not include areas of smaller rivers, which were supplemented by MONERIS.

Land-use WSA Arable Grassland Forest Urban area Other Areas Total
area 1565.1 75598.8 14374.01 56774.2 7133.0 776.0 156221.1
area share 1.0 48.4 9.2 36.3 4.6 0.5 100
Nitrogen WSA Arable Grassland Forest Urban area Other Areas Total
atmospheric deposition 8.2 (1.3) 0.1(1.3)
surface run-off 0.8(6.2) 0.6 (0.9) 0.7 (4.3) 0.6 (0) 0.7 (11.4)
erosion 0.1(1.1) 0(0) 0.1(0.4) 0(0) 0.1(1.6)
tile drainages 0.6 (4.6) 0.1(0.1) 0.3(4.7)
groundwater 4.2 (33.3) 4.2 (6.3) 3.2(19) 9.3 (6.9) 7.3 (0.6) 4.1(66.1)
urban systems 5.9 (4.3) 0.3 (4.3)
sewer systems 4.4 (3.2)

DCTP 1.5 (1.1)

point sources 14.1 (10.5) 0.6 (10.5)
Total 8.2 (1.3) 5.8 (45.2) 4.9 (7.4) 4 (23.8) 29.3 (21.7) 7.9 (0.6) 6.2 (100)
Phosphorus WSA Arable Grassland Forest Urban area Other Areas Total
atmospheric deposition 21.9(0.7) 0.2 (0.7)
surface run-off 3.7 (5.9) 3.3(1) 3.2(3.8) 1.8 (0) 3.2(10.8)
erosion 10.3 (16.6) 2.3(0.7) 4.5 (5.5) 0(0) 6.8 (22.7)
tile drainages 0.4 (0.6) 0.3(0.1) 0.2 (0.7)
groundwater 6.5 (10.4) 6.5 (2) 5 (6) 35.6 (5.4) 5(0.1) 7.2 (23.9)
urban systems 87.1(13.2) 4(13.2)
sewer systems 53.7 (8.2)

DCTP 33.5(5.1)

point sources 184.4 (28) 8.4 (28)
Total 21.9 (0.7) 20.8 (33.4) 12.5 (3.8) 12.6 (15.3) 307.1 (46.7) 6.8 (0.1) 30.1 (100)
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Table 1 provides an overview of the shares of different land-use types and pathways on overall nutrient
emissions in the Tisza basin for the average reference status (henceforth “long-term 2012”). TN
emissions by interflow and groundwater from arable land, grassland and forests contribute to more than
58% of total TN emissions in Tisza basin. For TP emissions, urban areas contain major pathways
contributing to almost half of the total emissions.

4.2. Yearly differences in nutrient emissions

While point sources and urban systems remain almost constant, emissions via groundwater, surface
runoff, and erosion are influenced by precipitation and hydrology and vary from year to year (Fig. 13).
Despite the changes in the hydrological input data, the inter-annual variability is similar to the last
Danube application.
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Figure 13: Annual variability of TN and TP emissions for different pathways, Q (HU9) is the mean discharge at HU9.

4.3. Spatial distribution of nutrient emissions in the catchment

4.3.1 Emissions in countries

More than half of both total TN and total TP emissions are emitted from the Hungarian and Romanian
part of the catchment. The share on the total emissions by both countries together is 66% and 64% for
TP and TN, respectively (Fig. 14).

TN TP

Figure 14: Share of nutrient emissions from the Tisza countries on overall TP and TN emissions (2009-2012).

Nonetheless, the area-specific emissions in both countries are on average comparatively low (Fig. 15).
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Figure 15: Area specific emissions per emission pathway in the different countries (2009-12)

These area-specific emissions are substantially higher in the northern part of the basin, where the
specific runoff is also highest (appendix 6.1: Fig. 23). In these countries also the area specific emissions of
pathway erosion are relatively high. Point sources and urban areas are the dominating pathways in
Serbia. An overview of the shares of different land-use types and pathways on overall nutrient emissions
in the different countries is provided in the appendix (chapter 6.2).

4.3.2. Emissions per analytical unit and land use specific nutrient emissions

TN emissions increased in comparison to the Danube application (Fig. 11, 16). Changes in Romania are
mainly caused by the revision of the former low N surplus of 2 kg/ha in 2012 to the recent 16 kg/ha.
With the new Slovak and Hungarian hydrological data, the calibrated runoff in the mountainous
Sajo/Hornad subbasin increased significantly and, accordingly, the TN emissions. Although, the TP
emissions increased only by 10% compared to the Danube application, the spatial pattern changed as a
result of new implemented data of soil loss and hydrology (Fig. 16). For instance, the revised runoff in
the upper Sajo/Hornad subbasin resulted in similarly higher TP emissions.

Landuse-specific emissions vary substantially between different countries (appendix 6.2). For instance,
urban areas having a similar share on area in Hungary and Serbia differ by a factor of 3 in their land-use
specific TP emissions and also differ significantly in their overall contribution to total TP emissions
(appendix 6.2: tables 5,7). TN emissions from arable land are relatively low when compared to
intensively used agricultural areas in central Europe (Fig. 17, appendix 6.2 and section 4.4).
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Figure 16: TP and TN emissions per analytical unit in the TRB (left side) and changes in nutrient emissions in

comparison to the Danube 2014 setup (right side, Gericke and Venohr 2015a), arithmetic means of 2009-12 are
shown.
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Figure 17: a) TN and TP emissions per land use (average 2009-2012) b) same as above but with classification similar

to European maps in  Venohr et al. 2018a (maps available online: http://www.mars-
project.eu/files/download/deliverables/MARS_D7.2_MARS_suite_of_tools_2.pdf, p.44: a,b ).
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4.4, Comparison to nutrient emissions on an European scale

Nutrient emissions in the Tisza catchment were compared with emissions calculated for Europe in the
context of the EU-Project MARS. European wide modelling was conducted for the period 2001-2010
using the same version of MONERIS as used for the Tisza basin. The comparison shows that for both, TN
and TP, the Tisza has a higher share of specific emissions between 5-10 kg/ha/yr and 20-40 kg/km?/yr
(Fig. 18).
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Figure 18: Comparison of mean specific TN and TP emissions calculated for Europe (2001-2010, Venohr et al 2018a)
and for Tisza (present report).

In contrast, high specific emissions (TN: >12.5 kg/ha/yr and TP: 50 kg/km?/yr) have a significantly lower

share than the European wide mean. This is also reflected in the area weighted mean specific TN and TP
emissions, amounting 6.5 kg/ha/yr and 31.4 kg/km?/yr in the Tisza compared to 10.8 kg/ha/yr and 47.7

kg/km?/yr in Europe, respectively.

4.5. Load comparison

To validate and assess the model results we compared modelled loads provided by MONERIs with
observed loads, calculated from monitored monthly nutrient concentrations and run-off data. Similar to
the last Danube model run we used monthly disaggregated emissions and combined it with a monthly
retention and transport modelling (Gericke and Venohr 2015a). This data was subsequently aggregated
to annual values for the comparison with observed data. For deriving observed loads only stations with
at least 12 monitored concentrations per year were considered.
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Figure 19: Comparison of modelled and observed loads, 2009-2012 (load of HU9 in 2010 not considered in linear
regression).

The load comparison revealed a generally good agreement with deviations in the range of assumed
uncertainty in monitoring data (Fig. 19). However, the modelled TN and TP loads for hydrological stations
RO16 and HU9 were underestimated for the year 2010. The underestimation at RO 16 occurred due to
an extraordinary high TN concentration in July 2010, contributing 25% of annual load (Gericke and
Venohr 2015b). The floods in Tisza river basin in 2010 (ICPDR 2012) was accompanied with discharges
about twice as high as in the other years. These distinct, extreme conditions cannot be modelled without
further adaptions of the model and are probably the reason for deviations between modelled and
observed load. Furthermore, upstream region of HU9 is characterized by a complex hydrological
situation (see section 3.1) hindering an accurate calculation of loads. The exclusion of station HU 9
results in a regression line between measured and calculated loads almost perfect fitting the 1:1 line
(modelled load=0.97 x measured load, R>=0.87, not shown).

5. Scenarios

Based on the updated database for the TRB, three DRB scenarios were calculated: Baseline and two long-
term scenarios Intensification and Vision 2. All scenarios were calculated using average hydrological
conditions. WSP values were calculated by using equation: WSP (scenario year) = WSP (reference status)
* P-accumulation (scenario year)/ P-accumulation (2012). Detailed information on the three scenarios
are available in the 2015 update of the Danube River Basin Management plan (Gericke and Venohr
201543, p. 86-87). Results of the scenario calculations are presented in in Figures 20-22 and in Tables 8-32
in the appendix (aggregated for whole Tisza and per country).

5.1. Baseline scenario

The baseline scenario was developed from a questionnaire initiated by the ICPDR and covers land use
change, improved wastewater treatment, and changes in agricultural activities (Table 2). It also considers
an increase of buffer strips in nitrate vulnerable zones (NVZ) and inhabitant-specific TP emissions such as
1.6 g TP / PE and day in UA. Baseline scenario was calculated for two years: 2021 and 2062".

! Similar to the DRBMP (ICPDR 2015) whose next update is due in 2021. 2062 is fictitious and used to avoid any
influence of the past, i.e. to get the full effect of the assumptions on N surplus.
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Table 2: Baseline scenario according to Gericke and Venohr 2015a (p.86).

Measure / tendency Unit DE AT CZ SK HU HR RO MD UA
Arable to grassland” % 05 25 144 05 3 0 1 3 0.05
Forest to grassland* % 0 (0) -0.6 0 0 0 -1 0 -0.09
N-surplus’ % 0O 0 5 5 0 0 0 o0 0
Modified crop rotation % 13 75 5 5 2 0 0 9 0
No-tillage farming % 9 10 12 0 2 0 3 16 1
Riparian buffers % 13 1 10 38" 5 1007 5 155 26
Tile drained areas % 0 0 -1.5 0 2 0 0 14* 5.5
Retention ponds in tile % 0 0 0 0 0 0 0 1.5 5
drained areas
Unpaved to paved’ % 1 35 06 05 1 0 05 2 0.2
Additional storage volume % 0 90 85 0 0 5 45 0
combined sewers
Inhabitants with transport % 0 100 O 15 5 15 20 0

from septic tanks to WWTPs
" change / tendency, " 100% values is unrealistic, * including buffer strips NVZ, * absolute value

5.2. Intensification and Vision 2 scenario

Intensification and Vision 2 scenario were derived from the baseline scenario. The first scenario assumes
an intensification of agricultural activities resulting in an annual surplus of minimum 55 kg/ha/yr and a P
balance of 5 kg/ha/yr in all analytical units. Vision 2 scenario assumes moderate N surpluses of 15
kg/ha/yr and P balances of 1 kg/ha/yr, respectively. Furthermore, a combination of measures aiming on
the reduction of nutrient losses (100% connection to sewers and WWTP in agglomerations, buffer strips
for steep slopes, soil protection on steep slopes, expansion of NVZ, no TP emissions laundry and
dishwashers) and land-use changes are included. We calculated both with the fictitious year 2062 to
exclude the effect of differences in the groundwater residence time within the TRB.

An increase of ca. 38 % of total TN emissions (36287 t/yr ) was calculated for the intensification scenario
(Fig.20). Total TP emissions remained almost constant as a strong decrease in urban sources emissions is
compensated by the increase in pathways erosion and point sources (Fig. 21). In contrast, the Vision 2
scenario results in an overall decrease of ca. 16% (15001 t/yr) TN and ca. 12% (541 t/yr) for TP (Fig. 20,
21, 22), respectively.

While reducing N surplus (fertilizer application) has the highest reduction potential for TN emissions
most of the TP reduction occurs in urban areas and is related to the connection of households to
(improved) wastewater treatment plants. This accounts for ca. 60% of the total TP reduction. Measures
in the agricultural sector like intercropping, buffer strips and reduced fertilizer application are
responsible for the remaining 40% of total TP reduction (Fig. 21, 22).

The effect of measures implemented in the scenario analyses varies in the different regions and
countries. For example in the analytical unit where Romanian city Cluj-Napoca is included, all scenarios
result in a strong reduction of TP emissions of up to 67% (123 kg/km?/yr) because of investments in the
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wastewater sector. In contrast, in some rural parts TN emissions increase by 55% in the intensification
scenario but decrease by 20% in the vision 2 scenario because of the high influence of different N
surpluses on total TN emissions. More detailed information on effects of scenarios on overall nutrient
emissions per country are presented in the appendix (6.2).
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Figure 20: TN emissions in the Tisza river basin calculated for different scenarios and relative changes in emission
pathways in comparison to the reference period — long-term 2012.
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Figure 21: TP emissions in the Tisza river basin calculated for different scenarios and relative changes in emission
pathways in comparison to the reference period —long-term 2012.
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different scenarios.
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6. Appendix 1

6.1. Modelled discharges per analytical unit in Tisza catchment
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Figure 23: Calibrated specific runoff in Tisza catchment in the year 2009-2012 according to approach described in
chapter 3.1.
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6.2. Share of nitrogen and phosphorus emissions from different land-use types and via considered pathways: Long-term 2012,

Baseline 2021, Baseline 2062, Intensification, Vision 2

6.2.1. Long-term 2012

Table 3-31: Share of both nitrogen and phosphorus emissions from different land-use types and via considered pathways, area specific emission for nitrogen in kg/ha and for
phosphorus in kg/km?, numbers in brackets represent the share on the total nitrogen or phosphorus emissions, WSA = water surface area. Specific emissions on surface waters
can be higher than considered in the input data, as we used for reasons of data consistency the original water surface area derived from the land-use maps. This does not

include areas of smaller rivers which were supplemented by MONERIS.

Table 3: Slovak Republic —long-term 2012

Land/use

are in km?

area sharein %
Nitrogen

atmospheric deposition
surface run-off

Erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

Phosphorus
atmospheric deposition
surface run-off

Erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

WSA

WSA
17.2 (0.9)

17.2 (0.9)
WSA
41.9 (0.5)

41.9 (0.5)

80.4

0.5

Arable
6167.6
39.0

Arable

0.9 (3.6)
0.3 (1.4)
5.4 (22.1)
6.1(24.7)

12.7 (51.8)
Arable

5.9 (5.7)
29.2 (28.7)
3.1(3)

5.4 (5.3)

43.6 (42.8)

Grassland
834.5
5.3

Grassland

0.7 (0.4)
0.1 (0)

0.8 (0.5)
5.7 (3.1)

7.3 (4)
Grassland

18.2 (2.4)
27

Forest

7871.9

Forest

0.7 (3.6)
0.1(0.4)

3.9 (20.4)

4.7 (24.4)

Forest

3.1(3.8)
5.1 (6.4)

5(6.2)

13.1(16.4)

Urban area
795.8
5.0

Urban area

7.4 (3.9)
14.8 (7.8)
13.8(7.2)
1(0.5)
13.1(6.9)
35.3 (18.5)
Urban area

24.6 (3.1)
173.7 (22)
152.7 (19.3)
21(2.7)
100.2 (12.7)
298.5 (37.8)

Other Areas

51.3
0.3

Other Areas

0.6 (0)
0(0)

8.5(0.3)
0(0)

9.1 (0.3)
Other Areas

1.4 (0)
0(0)

5.5 (0)
0(0)

6.9 (0.1)

Total

15801.5

100

Total
0.1(0.9)
0.7 (7.6)
0.2(1.9)
2.2 (22.6)
5(52.4)
0.7 (7.8)

0.7 (6.9)
9.6 (100)
Total

0.2 (0.5)
4.1(10.4)
14.2 (35.6)
1.4 (3.4)
6.1(15.4)
8.7 (22)

5(12.7)
39.8 (100)



Table 4: Ukraine —long-term 2012

area in km?

area sharein %
atmospheric deposition 34.5(0.9)
surface run-off

Erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 34.5 (0.9)
atmospheric deposition
surface run-off

Erosion

95.6 (0.5)

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

27.7 3309.6 67.0 9299.7 34.7 12765.3
0.2 25.9 0.5 72.9 0.3 . 100
‘Nitogen  WSA  Arable  Grassland  Forest  Urbanarea  OtherAreas  Total
0.1(0.9)
1.3 (3.9) 1.2 (0.1) 1.1(9.7) 0.6 (0) 1.2 (13.7)
0.2 (0.7) 0(0) 0.1(0.6) 0 (0) 0.1(1.3)
0.4 (1.2) 0.1 (0) 0.1(1.2)
5(15.2) 5.9 (0.4) 4.8 (40.8) 396.2 (12.6)  1.4(0) 5.9 (69)
257.6 (8.2) 0 (0) 0.7 (8.2)
50.5 (1.6)
207.1 (6.6)
185.9 (5.9) 0.5 (5.9)
6.9 (21) 7.3 (0.4) 6 (51) 839.6 (26.6) 1.9 (0) 8.6 (100)
0.2 (0.5)
6.1(3.6) 7.4(0.1) 5.8 (9.5) 3(0) 5.8 (13.2)
12 (7) 1.8 (0) 4 (6.6) 0 (0) 6 (13.7)
0.4 (0.2) 0.4 (0) 0.1(0.2)
9.9 (5.8) 12.4(0.1) 7.6 (12.6) 1582.7(9.8)  3.9(0) 12.5 (28.3)
1775.8 (10.9)  0(0) 4.8 (10.9)
855.9 (5.3)
919.9 (5.7)
5361.7 (33) 14.6 (33)
28.5 (16.7) 22(0.3) 17.4 (28.8) 8720.2(53.7) 7(0) 44.1 (100)

95.6 (0.5)



Table 5: Hungary —long-term 2012

area in km?
area sharein %

741.5

1.6

28278.7

62.3

3974.8

8.8

9667.3

2370.9
5.2

336.4 45369.5
0.7 100

atmospheric deposition 6.9 (2)
surface run-off

Erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 6.9 (2)
atmospheric deposition
surface run-off

Erosion

18.3 (1.4)

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 18.3 (1.4)

0.8 (8)
0(0.3)
0.1(1.6)
5.1 (54.4)

6 (64.3)

3.2(9.5)
2.2 (6.4)
0.1(0.2)
6.6 (19.6)

12 (35.7)

0.6 (0.9)
0 (0)

0 (0)
5.3 (8)

5.9 (8.9)

3.1(1.3)
0.5(0.2)
0.1 (0)

6.5 (2.7)

10.1 (4.2)

0.5 (2)
0(0.1)

1.6 (5.7)

2.1(7.8)

2(2.1)

1.3 (1.3)

4.2 (4.3)

7.5(7.6)

2.7 (2.4)
3.5(3.2)
2.8 (2.5)
0.7 (0.7)
11.5 (10.3)
17.7 (15.9)

10.6 (2.6)
62.9 (15.6)
36.6 (9.1)
26.3 (6.5)
130.9 (32.5)
204.3 (50.8)

0.6 (0.1)
0 (0)

8.2 (1)
0(0)

8.7 (1.1)

1.7 (0.1)
0(0)

5.2 (0.2)
0 (0)

6.9 (0.2)

0.1(2)
0.6 (11)
0(0.3)
0.1(1.6)
4.2 (71.6)
0.2 (3.2)

0.6 (10.3)
5.8 (100)

0.3 (1.4)
2.7 (13)
1.7 (7.9)
0(0.2)
6.2 (29.4)
3.3 (15.6)

6.8 (32.5)
21 (100)



Table 6: Romania —long-term 2012

area in km? 491.5

area share in %

28754.4
40.3

9201.6
12.9

29351.8
41.1

3356.7
4.7

71412.1
100

atmospheric deposition 7.9(1)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 7.9 (1)

atmospheric deposition
surface run-off

Erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 21.9 (0.5)

21.9 (0.5)

0.7 (5.6)
0.2 (1.8)
0.2 (1.2)
3.4(26.2)

4.5 (34.8)

3(4.3)
17.3 (24.2)
0.1(0.2)
6.3 (8.8)

26.7 (37.4)

0.6 (1.5)
0(0.1)
0(0.1)
3.6 (9)

4.3 (10.7)

3.2 (1.4)
3.1(1.4)
0.2 (0.1)
6.6 (3)

13 (5.8)

0.7 (5.3)
0.1(0.7)

3.1(24.5)

3.9 (30.6)

2.7 (3.9)

5.7 (8.1)

4.4 (6.2)

12.8 (18.2)

10.3 (9.3)
1.5 (1.3)
1.2 (1.1)
0.3(0.2)
13.1(11.9)
24.9 (22.5)

39.4 (6.4)
48.2 (7.9)
14.5 (2.4)
33.7(5.5)
144.4 (23.6)
232.1(37.9)

0.6 (0)
0(0)

5.4 (0.4)
0(0)

6(0.4)

1.8 (0)
0(0)

4.7 (0.1)
0(0)

6.4 (0.1)

0.1 (1)
0.6 (12.5)
0.1(2.7)
0.1(1.3)
3.6 (69.3)
0.1(1.3)

0.6 (11.9)
5.2 (100)

0.2 (0.5)
2.8 (9.6)
9.7 (33.6)
0.1(0.3)
7 (24.5)
2.3(7.9)

6.8 (23.6)
28.8 (100)



Table 7: Serbia —long-term 2012

area in km? 224.2

area share in %

9088.54
83.6

296.17

2.7

574.81
5.3

105.4

10872.8
100

atmospheric deposition 6.7 (2.3)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 6.7 (2.3)

atmospheric deposition
surface run-off
Erosion

17.5(0.8)

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 17.5 (0.8)

0.8 (11.7)
0(0)
0.1(1.1)
2.8(39.1)

3.8 (51.9)

4.6 (8.4)
0 (0)
0.1(0.2)
6.1(11.1)

10.7 (19.7)

0.7 (0.3)
0 (0)
0 (0)
2.8(1.3)

3.6 (1.6)

4.6 (0.3)
0 (0)
0.1 (0)
6.1(0.4)

10.8 (0.6)

0.7 (0.6)
0 (0)

2.4(2.1)

3.1(2.8)

2.5(0.3)

0(0)

4.1(0.5)

6.6 (0.8)

10.4 (9.1)
13.4 (11.7)
13.4 (11.7)
0(0)

21.7 (18.9)
45.5 (39.7)

38.8 (4.5)
192.7 (22.3)
167.2 (19.3)
25.5 (3)
442.2 (51.2)
673.7 (78)

0.6 (0.1)
0 (0)

10.2 (1.6)
0(0)

10.9 (1.7)

2 (0)
0(0)

5.1(0.1)
0 (0)

7.1(0.2)

0.1(2.3)
0.8 (12.7)
0(0)
0.1(1.1)
3.2(53.2)
0.7 (11.7)

1.1(18.9)
6.1 (100)

0.4 (0.8)
4.1(9)
0(0)
0.1(0.2)
7.6 (16.5)
10.2 (22.3)

23.4(51.2)
45.7 (100)



6.2.2 Baseline 2021

Table 8: Whole Tisza — baseline 2021

area in km? 1565.1 75598.8 14281.9 56866.3 7133.1 775.9 156221.1
area share in % 1.0 48.4 9.1 36.4 4.6 0.5 100
‘Nitrogen  WSA  Arable  Grassland  Forest  Urbanarea  OtherAreas  Total
atmospheric deposition 8.2 (1.3) 0.1(1.3)
surface run-off 0.8(6.1) 0.7 (1) 0.7 (4.3) 0.6 (0) 0.7 (11.5)
erosion 0.1 (1) 0 (0) 0.1(0.4) 0 (0) 0.1 (1.5)
tile drainages 0.6 (4.6) 0.1(0.1) 0.3 (4.8)
groundwater & interflow 4.5 (35.2) 4.9 (7.3) 3.2 (18.7) 7.5 (5.6) 7.3(0.6) 4.1 (67.4)
urban systems 4.8 (3.6) 0.2 (3.6)

sewer systems 3.4 (2.5)

DCTP 1.4 (1.1)

point sources 13.5(10) 0.6 (10)
Total 8.2 (1.3) 6 (46.9) 5.7 (8.5) 4 (23.5) 25.8 (19.1) 7.9 (0.6) 6.2 (100)
atmospheric deposition 21.9(0.8) 0.2 (0.8)
surface run-off 3.6 (6) 3.6 (1.1) 3.2 (4) 1.8 (0) 3.2(11.1)
Erosion 9.7 (16.2) 2.4(0.7) 4.5 (5.6) 0(0) 6.5 (22.5)
tile drainages 0.3 (0.6) 0.3(0.1) 0.2 (0.7)
groundwater & interflow 6.3 (10.5) 6.9 (2.2) 49 (6.2) 28.7 (4.5) 5(0.1) 6.8 (23.5)
urban systems 70.3 (11.1) 3.2(11.1)
sewer systems 42.7 (6.7)

DCTP 27.6 (4.3)

point sources 193.7 (30.4) 8.8(30.4)
Total 21.9 (0.8) 19.9 (33.2) 13.2 (4.2) 12.6 (15.7) 292.8 (46) 6.7 (0.1) 29 (100)



Table 9: Slovak Republic— baseline 2021

are in km?
area share in %

80.4

6167.6
39.0

834.5

7871.9
49.8

79

5.8
5.0

15801.5
100

atmospheric deposition
surface run-off
erosion

17.2 (0.9)

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 17.2 (0.9)
atmospheric deposition 41.9 (0.6)
surface run-off

Erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 41.9 (0.6)

0.9 (3.7)
0.3 (1.5)
5.5 (23.3)
6.5 (27.4)

13.3 (55.9)

5.8 (6.6)
29.4 (33)
3(3.3)

5.4 (6.1)

43.6 (48.9)

0.7 (0.4)
0.1 (0)

0.9 (0.5)
6.3 (3.6)

8 (4.6)

5.9 (0.9)
4.3(0.7)
2.8(0.4)
5.8 (0.9)

18.9 (2.9)

0.7 (3.7)
0.1(0.5)

3.9 (20.9)

4.7 (25)

3.1(4.4)

5.1(7.3)

5(7.1)

13.1 (18.8)

9.2 (5)
4.8(2.6)
3.5(1.9)
1.3 (0.7)
10.4 (5.7)
24.4 (13.3)

33.3(4.8)
68 (9.8)
33.8 (4.9)
34.2 (5)
96.9 (14)
198.2 (28.7)

0.6 (0)
0(0)

8.4 (0.3)
0(0)

9(0.3)

1.4 (0)
0(0)

5.5(0.1)
0(0)

6.9 (0.1)

0.1(0.9)
0.7 (7.8)
0.2 (2)
2.2(23.8)
5.3(57.1)
0.2 (2.6)

0.5 (5.7)
9.3 (100)

0.2 (0.6)
4.1(11.9)
14.2 (40.9)
1.3(3.7)
6.6 (18.9)
3.4(9.8)

4.9 (14)
34.8 (100)



Table 10: Ukraine— baseline 2021

area in km?

area share in %
atmospheric deposition 34.5(0.8)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 34.5 (0.8)
atmospheric deposition 95.6 (0.5)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 95.6 (0.5)

27.7 3309.6 66.9 9299.7 34.8 12765.3
0.2 25.9 0.5 0.3 . 100
‘Nitrogen  WSA  Arable  Grassland  Forest  Urbanarea  OtherAreas  Total
0.1(0.8)
1.3 (3.8) 1.2 (0.1) 1.1(9.4) 0.6 (0) 1.2 (13.3)
0.2 (0.6) 0 (0) 0.1(0.6) 0(0) 0.1(1.1)
0.4 (1.1) 0.1(0) 0.1(1.1)
6.4 (18.8) 7.8 (0.5) 4.7 (38.6) 372.1(11.5)  1.3(0) 6.1(69.4)
256 (7.9) 0(0) 0.7 (7.9)
54.6 (1.7)
201.3 (6.2)
202.9 (6.3) 0.6 (6.3)
8.3 (24.3) 9.2 (0.5) 5.9 (48.5) 830.9(25.7)  1.9(0) 8.8 (100)
0.2 (0.5)
6.1(3.7) 7.5(0.1) 5.8 (9.9) 3(0) 5.8 (13.7)
10.4 (6.4) 1.8 (0) 4 (6.9) 0 (0) 5.6 (13.3)
0.4 (0.2) 0.5 (0) 0.1(0.2)
9.9 (6.1) 12.6(0.2) 7.6 (13.1) 1677 (10.8) 3.9(0) 12.8 (30.2)
1686 (10.8) 0(0) 4.6 (10.8)
688.9 (4.4)
997.1 (6.4)
4852.1 (31.2) 13.2 (31.2)
26.8 (16.4) 22.4(0.3) 17.4 (30) 8215.2(52.8) 7(0) 42.3 (100)



Table 11: Hungary — baseline 2021

area in km? 741.5 28278.7 3974.8 9667.3 2370.9 336.4 45369.5
area sharein % 1.6 62.3 8.8 21.3 5.2 0.7 100
‘Nittogen  WSA  Arable  Grassland  Forest Urbanarea  OtherAreas  Total
atmospheric deposition 6.9 (1.9) 0.1(1.9)
surface run-off 0.7 (7.6) 0.7 (1.1) 0.5(1.9) 0.6 (0.1) 0.6 (10.7)

erosion 0(0.2) 0(0) 0(0.1) 0(0) 0(0.3)
tile drainages 0.1(1.5) 0(0) 0.1(1.5)
groundwater & interflow 5.4 (56.2) 6.9 (10.2) 1.5(5.4) 2.6 (2.3) 8.1(1) 45 (75.1)
urban systems 3.5(3.1) 0(0) 0.2 (3.1)
sewer systems 2.8(2.5)

DCTP 0.7 (0.6)

point sources 8.4 (7.4) 0.4 (7.4)
Total 6.9 (1.9) 6.3 (65.5) 7.7 (11.3) 2.1(7.4) 14.6 (12.8) 8.7 (1.1) 6 (100)
atmospheric deposition 18.3(1.6) 0.3(1.6)
surface run-off 3.1(10.3) 3.8(1.8) 2(2.3) 1.7 (0.1) 2.7 (14.4)
erosion 1.9(6.2) 0.5(0.2) 1.2 (1.4) 0(0) 1.5(7.9)
tile drainages 0.1(0.2) 0.1(0) 0(0.2)
groundwater & interflow 6.4 (21.1) 7.9(3.7) 4.2 (4.8) 10.2 (2.8) 5.2 (0.2) 6.2 (32.6)
urban systems 62.6 (17.3) 0(0) 3.3(17.3)
sewer systems 36.5(10.1)

DCTP 26.2 (7.2)

point sources 94.1 (26) 4.9 (26)
Total 18.3 (1.6) 11.5 (37.8) 12.3 (5.7) 7.5 (8.5) 166.9 (46.2) 6.9 (0.3) 18.9 (100)



Table 12: Romania — baseline 2021

area in km?
area share in %

491.5

28754.4
0.7 40.3

9109.5

29443.8
41.2

3356.7
4.7

256.2 71412.1
0.4 100

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

7.9 (1.1)

7.9 (1.1)
atmospheric deposition 21.9(0.5)
surface run-off

Erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 21.9 (0.5)

0.7 (5.6)
0.2 (1.7)
0.2 (1.2)
3.5(27.4)

4.6 (35.9)

3(4.1)
16.1(22)
0.1(0.2)
6(8.2)

25.3 (34.4)

0.6 (1.6)
0(0.1)
0(0.1)
3.9(9.7)

4.6 (11.5)

3.2 (1.4)
3.1(1.3)
0.2 (0.1)
6.6 (2.9)

13.1 (5.6)

0.7 (5.4)
0.1(0.7)

3.1(24.5)

3.8 (30.6)

2.7 (3.8)

5.6 (7.8)

4.3 (6)

12.7 (17.7)

6.3 (5.7)
1.6 (1.5)
1.5 (1.4)
0.1(0.1)
14.6 (13.3)
22.5(20.5)

21.8(3.5)
38 (6)

20.6 (3.3)
17.4 (2.8)
202 (32.1)
261.8 (41.6)

0.6 (0)
0(0)

5.3(0.4)
0(0)

6 (0.4)

1.8 (0)
0(0)

4.6 (0.1)
0(0)

6.4 (0.1)

0.1(1.1)
0.7 (12.6)
0.1(2.6)
0.1(1.3)
3.5(67.7)
0.1(1.5)

0.7 (13.3)
5.2 (100)

0.2 (0.5)
2.7 (9.3)
9.2 (31.1)
0.1(0.2)
6.1(20.6)
1.8 (6)

9.5(32.1)
29.6 (100)



Table 13: Serbia — baseline 2021

area in km? 224.2
area share in % 2.1

9088.5
83.6

296.2

2.7

574.8
53

10872.8
100

atmospheric deposition
surface run-off

Erosion

tile drainages
Groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 6.7 (2.4)

6.7 (2.4)

atmospheric deposition
surface run-off

Erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 17.5 (0.8)

17.5(0.8)

0.8 (12.1)
0(0)
0.1(1.1)
2.6 (37.6)

3.5 (50.8)

4.6 (8.7)
0 (0)
0.1(0.2)
6.1(11.5)

10.8 (20.4)

0.7 (0.3)
0(0)
0(0)
2.6 (1.2)

3.4 (1.6)

4.6 (0.3)
0 (0)
0.1 (0)
6.1(0.4)

10.8 (0.7)

0.7 (0.7)
0(0)

2.5(2.3)

3.2(3)

2.5(0.3)

0(0)

4.1(0.5)

6.6 (0.8)

10.7 (9.7)
13.7 (12.4)
13.7 (12.4)
0 (0)

20.3 (18.4)
44.7 (40.5)

39.7 (4.8)
196.5 (23.5)
171.3 (20.5)
25.2 (3)
408.3 (48.9)
644.5 (77.2)

0.6 (0.1)
0(0)

10.3 (1.7)
0(0)

11 (1.8)

2 (0)
0(0)

5.1(0.1)
0(0)

7.1(0.2)

0.1(2.4)
0.8 (13.2)
0(0)
0.1(1.1)
3.1(52.5)
0.7 (12.4)

1.1(18.4)
5.8 (100)

0.4 (0.8)
4.1(9.4)
0(0)
0.1(0.2)
7.6 (17.2)
10.4 (23.5)

21.6 (48.9)
44.1 (100)



6.2.3 Baseline 2062

Table 14: Whole Tisza — baseline 2062

area in km? 1565.1
area share in % 1.0

75598.8

14281.9

56866.3
36.4

7133.1
4.6

156221.1
100

atmospheric deposition 8.2 (1.3)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 8.2 (1.3)

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 21.9 (0.8)

21.9(0.8)

0.8 (6)
0.1 (1)
0.6 (4.5)
4.7 (36.5)

6.2 (47.9)

3.5(5.9)
9.5 (15.9)
0.3 (0.6)
6.3 (10.6)

19.7 (33)

0.7 (1)
0(0)
0.1(0.1)
5.3(7.6)

6(8.8)

3.5(1.1)
2.3(0.7)
0.3(0.1)
7(2.2)

13.1 (4.1)

0.7 (4.2)
0.1(0.4)

3.1(18.1)

3.9 (22.7)

3.2 (4)

4.5 (5.6)

5(6.2)

12.6 (15.8)

7.4 (5.4)
4.8 (3.5)
3.4 (2.5)
1.4 (1)
13.5(9.8)
25.7 (18.6)

28.4 (4.5)
70.3 (11.1)
42.7 (6.7)
27.6 (4.4)
193.7 (30.6)
292.5 (46.2)

0.6 (0)
0(0)

7.2 (0.6)

7.8 (0.6)

1.8 (0)

0(0)

5(0.1)

6.8 (0.1)

0.1(1.3)
0.7 (11.2)
0.1(1.5)
0.3 (4.7)
4.3(68.1)
0.2 (3.5)

0.6 (9.8)
6.3 (100)

0.2 (0.8)
3.2 (11)
6.4 (22.3)
0.2 (0.7)
6.8 (23.6)
3.2 (11.1)

8.8 (30.6)
28.9 (100)



Table 15: Slovak Republic — baseline 2062

are in km?
area share in %

80.4

6167.6
39.0

834.5

7871.9
49.8

79

5.8
5.0

51.3 15801.5
0.3 100

atmospheric deposition
surface run-off
erosion

17.2 (0.9)

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 17.2 (0.9)
atmospheric deposition 41.9 (0.6)
surface run-off

erosion

tile drainages

Groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 41.9 (0.6)

0.9 (3.7)
0.3 (1.5)
5.5(23.1)
6.7 (28.1)

13.5 (56.4)

5.8 (6.6)
29.4 (33)
3(3.3)

5.4 (6.1)

43.6 (49)

0.7 (0.4)
0.1 (0)

0.9 (0.5)
6.6 (3.7)

8.3 (4.7)

5.9 (0.9)
4.3(0.7)
2.8(0.4)
5.8 (0.9)

18.9 (2.9)

0.7 (3.7)
0.1(0.5)

3.8 (20.5)

4.6 (24.6)

3.1(4.4)

5.1(7.3)

5(7.1)

13.1 (18.8)

9.1 (4.9)
4.8(2.6)
3.5(1.9)
1.3 (0.7)
10.4 (5.6)
24.3 (13.1)

33 (4.8)

68 (9.9)
33.8 (4.9)
34.2 (5)
96.9 (14)
197.9 (28.7)

0.6 (0)
0(0)

8.4 (0.3)
0(0)

9(0.3)

1.4 (0)
0(0)

5.5(0.1)
0(0)

6.9 (0.1)

0.1(0.9)
0.7 (7.8)
0.2 (1.9)
2.2(23.6)
5.4 (57.5)
0.2 (2.6)

0.5 (5.6)
9.3 (100)

0.2 (0.6)
4.1(11.9)
14.2 (41)
1.3(3.7)
6.6 (18.9)
3.4(9.9)

4.9 (14)
34.8 (100)



Table 16: Ukraine — baseline 2062

area in km? 27.7 3309.6 66.9 9299.7 34.8 12765.3
area sharein % 0.2 25.9 0.5 72.9 0.3 . 100
‘Nittogen  WSA  Arable  Grassland  Forest Urbanarea  OtherAreas  Total

atmospheric deposition 34.5(0.8) 0.1(0.8)
surface run-off 1.3(3.8) 1.2 (0.1) 1.1(9.4) 0.6 (0) 1.2 (13.2)
erosion 0.2 (0.6) 0(0) 0.1 (0.6) 0(0) 0.1(1.1)
tile drainages 0.4 (1.1) 0.1(0) 0.1(1.1)
groundwater & interflow 6.6 (19.2) 7.9 (0.5) 4.7 (38.4) 370.8 (11.4) 1.3 (0) 6.1 (69.5)
urban systems 256 (7.9) 0(0) 0.7 (7.9)
sewer systems 54.6 (1.7)

DCTP 201.3 (6.2)

point sources 202.9 (6.2) 0.6 (6.2)
Total 34.5 (0.8) 8.4 (24.7) 9.3 (0.6) 5.9 (48.3) 829.6 (25.6) 1.9 (0) 8.8 (100)
atmospheric deposition 95.6 (0.5) 0.2 (0.5)
surface run-off 5.4 (3.3) 6.8 (0.1) 5.8 (10) 3(0) 5.6 (13.4)
erosion 10.1 (6.2) 1.8 (0) 4(7) 0(0) 5.6 (13.2)
tile drainages 0.4 (0.2) 0.5 (0) 0.1(0.2)
groundwater & interflow 9.9 (6.1) 12.6 (0.2) 7.6 (13.2) 1671.1 (10.8) 3.9 (0) 12.7 (30.3)
urban systems 1686 (10.9) 0(0) 4.6 (10.9)
sewer systems 688.9 (4.5)

DCTP 997.1 (6.5)

point sources 4852.1 (31.4) 13.2(31.4)
Total 95.6 (0.5) 25.8 (15.9) 21.6 (0.3) 17.4 (30.2) 8209.3(53.2) 7(0) 42.1 (100)



Table 17: Hungary — baseline 2062

area in km? 741.5 28278.7 3974.8 9667.3 2370.9 336.4 45369.5
area sharein % 1.6 62.3 8.8 21.3 5.2 0.7 100
‘Nitrogen  WSA  Arable  Grassland  Forest  Urbanarea  OtherAreas  Total
atmospheric deposition 6.9 (1.8) 0.1(1.8)
surface run-off 0.7 (7.3) 0.7 (1) 0.5(1.8) 0.6 (0.1) 0.6 (10.2)

erosion 0(0.2) 0(0) 0(0.1) 0(0) 0(0.3)

tile drainages 0.1(1.4) 0(0) 0.1(1.4)

groundwater & interflow 5.8 (57.6) 7.4 (10.5) 1.5 (5) 2.5(2.1) 8(1) 4.7 (76.2)

urban systems 3.5(3) 0(0) 0.2 (3)

sewer systems 2.8(2.4)

DCTP 0.7 (0.6)

point sources 8.4 (7.1) 0.4(7.1)

Total 6.9(1.8) 6.6(66.5) 8.2 (11.6) 2 (6.9) 14.5 (12.1) 8.6 (1) 6.2 (100)
18.3

atmospheric deposition (1.6) 0.3 (1.6)

surface run-off 3.1(10.4) 3.8(1.8) 2(2.3) 1.7 (0.1) 2.7 (14.5)

erosion 1.9 (6.3) 0.5(0.2) 1.2 (1.4) 0(0) 1.5(7.9)

tile drainages 0.1(0.2) 0.1(0) 0(0.2)

groundwater & interflow 6.4 (21.1) 7.9 (3.7) 4.2 (4.8) 10(2.8) 5.2(0.2) 6.1(32.5)

urban systems 62.6 (17.3) 0(0) 3.3(17.3)

sewer systems 36.5(10.1)

DCTP 26.2 (7.2)

point sources 94.1 (26) 4.9 (26)
18.3

Total (1.6) 11.5(37.9) 12.3 (5.7) 7.5 (8.5) 166.7 (46.1) 6.9 (0.3) 18.9 (100)



Table 18: Romania — baseline 2062

area in km? 491.5 28754.4 9109.5 29443.8 3356.7 71412.1
area sharein % 0.7 12.8 41.2 4.7 . 100
‘Nittogen  WSA  Arable  Grassland  Forest ~ Urbanarea  OtherAreas  Total

atmospheric deposition 7.9 (1) 0.1(1)
surface run-off 0.7 (5.5) 0.6 (1.5) 0.7 (5.3) 0.6 (0) 0.7 (12.3)
erosion 0.2 (1.7) 0(0.1) 0.1(0.7) 0(0) 0.1(2.5)
tile drainages 0.2 (1.2) 0(0.1) 0.1(1.3)
groundwater & interflow 3.8 (28.9) 4.2 (10.3) 3(23.5) 6.1(5.4) 5.3(0.4) 3.6 (68.4)
urban systems 1.6 (1.4) 0(0) 0.1(1.4)
sewer systems 1.5(1.3)

DCTP 0.1(0.1)

point sources 14.6 (13) 0.7 (13)
Total 7.9 (1) 4.9 (37.2) 5(12) 3.8 (29.5) 22.3 (19.9) 5.9 (0.4) 5.3 (100)
atmospheric deposition 21.9(0.5) 0.2 (0.5)
surface run-off 2.8(3.8) 3(1.3) 2.7 (3.8) 1.8 (0) 2.6 (9)
erosion 15.7 (21.5) 3(1.3) 5.6 (7.9) 0(0) 9(30.7)
tile drainages 0.1(0.2) 0.2 (0.1) 0.1(0.2)
groundwater & interflow 6.2 (8.5) 6.7 (2.9) 4.3(6.1) 21.4 (3.4) 4.7 (0.1) 6.2 (21)
urban systems 38(6.1) 0(0) 1.8 (6.1)
sewer systems 20.6 (3.3)

DCTP 17.4 (2.8)

point sources 202 (32.4) 9.5(32.4)
Total 21.9 (0.5) 24.8 (34) 12.9 (5.6) 12.7 (17.9) 261.5 (41.9) 6.4 (0.1) 29.3 (100)



Table 19: Serbia — baseline 2062

area in km? 224.2 9088.5 296.2 583.6 574.8 105.4 10873
area sharein % 2.1 83.6 2.7 54 53 1.0 100
‘Nitrogen  WSA  Arable  Grassland  Forest  Urbanarea  OtherAreas Total
atmospheric deposition 6.7 (2.4) 0.1(2.4)
surface run-off 0.8(12.1) 0.7 (0.3) 0.7 (0.7) 0.6 (0.1) 0.8 (13.3)
erosion 0(0) 0(0) 0(0) 0(0) 0(0)
tile drainages 0.1(1.1) 0(0) 0.1(1.1)
groundwater & interflow 2.6 (37.3) 2.6 (1.2) 2.5(2.3) 10.8 (9.8) 10.3 (1.7) 3(52.3)
urban systems 13.7 (12.4) 0(0) 0.7 (12.4)

sewer systems 13.7 (12.4)

DCTP 0(0)

point sources 20.3 (18.5) 1.1 (18.5)

Total 6.7 (2.4) 3.5 (50.6) 3.3(1.6) 3.2 (3) 44.8 (40.7) 11 (1.8) 5.8 (100)
17.5

atmospheric deposition (0.8) 0.4 (0.8)

surface run-off 4.7 (9) 4.7 (0.3) 2.5(0.3) 2 (0) 4.2 (9.6)

Erosion 0(0) 0(0) 0(0) 0(0) 0(0)

tile drainages 0.1(0.2) 0.1(0) 0.1(0.2)

groundwater & interflow 6.1(11.4) 6.1(0.4) 4.1(0.5) 39.9 (4.8) 5.1(0.1) 7.6 (17.2)

urban systems 196.5 (23.5) 0(0) 10.4 (23.5)

sewer systems 171.3 (20.5)

DCTP 25.2 (3)

point sources 408.3 (48.8) 21.6(48.8)
17.5

Total (0.8) 10.9 (20.6) 10.9 (0.7) 6.6 (0.8) 644.7 (77) 7.1(0.2) 44.3 (100)



6.2.4 Intensification

Table 20: Whole Tisza — intensification

area in km? 1565.1

area share in %

75598.8
48.4

14281.9

56866.3
36.4

71331

156221.1
100

atmospheric deposition 8.2 (1)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 8.2(1)

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 21.9(0.7)

21.9(0.7)

0.8 (4.4)
0.1(0.7)
1(5.9)
8.5 (48.8)

10.5 (59.8)

4.6 (7.3)
11.2 (17.8)
0.3(0.5)
6.8 (10.8)

23 (36.5)

0.7 (0.7)
0(0)
0.1(0.1)
10.1 (10.9)

10.9 (11.7)

4.7 (1.4)
2.8(0.8)
0.3(0.1)
7.5(2.3)

15.3 (4.6)

0.7 (3.1)
0.1(0.3)

2.5(10.7)

3.3 (14.2)

3.2(3.8)

4.5(5.3)

5(6)

12.7 (15.1)

5.6 (3)

4.8 (2.6)
3.4(1.8)
1.4 (0.8)
13.5(7.2)
23.9 (12.8)

22.5 (3.4)
70.3 (10.5)
42.7 (6.4)
27.6 (4.1)
193.7 (29)
286.5 (42.9)

0.6 (0)
0(0)

6.9 (0.4)

7.5(0.4)

1.8 (0)

0(0)

5.1(0.1)

6.9 (0.1)

0.1 (1)
0.7 (8.3)
0.1(1.1)
0.5 (6)
6.3 (73.8)
0.2 (2.6)

0.6 (7.2)
8.5 (100)

0.2 (0.7)
3.8(12.6)
7.3 (24)
0.2 (0.6)
6.9 (22.6)
3.2 (10.5)

8.8 (29)
30.5 (100)



Table 21: Slovak Republic — intensification

area in km?
area share in %

6167.6
39.0

834.5

5.3

7871.9

795.8

5.0

15801.5
100

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 17.2 (0.7)

17.2 (0.7)

atmospheric deposition 41.9 (0.6)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 41.9 (0.6)

0.9 (2.8)
0.3(1.1)
8.8 (27.7)
11.5 (36.1)

21.5 (67.6)

6.8 (7.3)
32.9(35.3)
3(3.2)

5.4 (5.8)

48 (51.6)

0.7 (0.3)
0.1 (0)
1.1(0.5)
13.2(5.6)

15.1 (6.4)

6.8 (1)

4.9 (0.7)
2.8(0.4)
5.8 (0.8)

20.3 (3)

0.7 (2.8)
0.1(0.3)

3.2 (12.6)

3.9 (15.7)
3.1(4.2)
5.1(7)

5(6.8)

13.1 (18)

7.7 (3.1)
4.8(2)
3.5(1.4)
1.3 (0.5)
10.4 (4.2)
22.9(9.3)

28.4(3.9)
68 (9.4)
33.8(4.7)
34.2 (4.7)
96.9 (13.4)
193.3 (26.8)

0.6 (0)
0(0)

7.9(0.2)
0(0)

8.5(0.2)

1.4 (0)
0(0)

5.5 (0)
0(0)

6.9 (0.1)

0.1(0.7)
0.7 (5.9)
0.2 (1.5)
3.5(28.1)
7.2 (57.6)
0.2 (2)

0.5 (4.2)
12.4 (100)

0.2 (0.6)
4.5(12.5)
15.6 (43)
1.3 (3.6)
6.3 (17.5)
3.4(9.4)

4.9 (13.4)
36.3 (100)



Table 22: Ukraine — intensification

area in km?
area share in %

3309.6
25.9

9299.7
72.9

34.8
0.3

12765.3
100

atmospheric deposition 34.5(0.7)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 34.5 (0.7)
atmospheric deposition 95.6 (0.5)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 95.6 (0.5)

1.3 (3)

0.2 (0.5)
1.1(2.5)
17.5 (40.6)

20.1 (46.6)

8.1(4.9)
12.3(7.5)
0.4 (0.2)
9.9 (6.1)

30.6 (18.7)

1.2 (0.1)
0 (0)

0.2 (0)
22.4(1.1)

23.8 (1.1)

9.8 (0.1)
2.2(0)
0.5 (0)
12.6 (0.2)

25.1(0.3)

1.1(7.4)
0.1(0.4)

3.9 (25.4)

5.1 (33.2)

5.8 (9.9)

4 (6.9)

7.6 (13.1)

17.4 (29.9)

294.7 (7.2)
256 (6.2)
54.6 (1.3)
201.3 (4.9)
202.9 (4.9)
753.6 (18.4)

1329.4 (8.5)
1686 (10.8)
688.9 (4.4)
997.1 (6.4)
4852.1 (31.2)
7867.5 (50.5)

0.6 (0)
0(0)

1.3 (0)
0(0)

1.8 (0)

3(0)
0(0)

3.9 (0)
0(0)

7(0)

0.1(0.7)
1.2 (10.5)
0.1(0.9)
0.3 (2.6)
8.3(74.2)
0.7 (6.2)

0.6 (4.9)
11.2 (100)

0.2 (0.5)
6.3 (15)
6.1(14.4)
0.1(0.2)
11.8 (27.9)
4.6 (10.8)

13.2 (31.2)
42.4 (100)



Table 23: Hungary — intensification

area in km? 741.5

area share in %

28278.7
1.6 62.3

3974.8

8.8

9667.3

21.3

2370.9

5.2

336.4 45369.5
0.7 100

atmospheric deposition 6.9 (1.6)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 6.9 (1.6)

atmospheric deposition 18.3(1.5)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 18.3 (1.5)

0.7 (6.5)
0(0.2)
0.2 (1.5)
6.7 (60.5)

7.6 (68.8)

3.7 (11.8)
2.1(6.7)
0.1(0.2)
6.9 (21.7)

12.8 (40.3)

0.7 (0.9)
0 (0)
0 (0)
8.7 (11)

9.5 (12)

4.6 (2)
0.6 (0.3)
0.1 (0)
8.3(3.7)

13.5(6)

0.5 (1.7)
0(0.1)

1.3 (4.1)

1.9 (5.8)

2(2.2)

1.2 (1.3)

4.4 (4.7)

7.6 (8.2)

2.3(1.7)
3.5(2.7)
2.8(2.1)
0.7 (0.6)
8.4 (6.4)
14.3 (10.8)

9.6 (2.5)
62.6 (16.5)
36.5 (9.6)
26.2 (6.9)
94.1(24.8)
166.3 (43.8)

0.6 (0.1)
0(0)

8(0.9)
0(0)

8.5(0.9)

1.7 (0.1)
0(0)

5.2(0.2)
0(0)

6.9 (0.3)

0.1(1.6)
0.6 (9.2)
0(0.3)
0.1(1.6)
5.4 (78.3)
0.2 (2.7)

0.4 (6.4)
6.9 (100)

0.3 (1.5)
3.2 (16)
1.6 (8.2)
0(0.2)
6.5 (32.7)
3.3(16.5)

4.9 (24.8)
19.8 (100)



Table 24: Romania — intensification

area in km? 491.5

area share in %

28754.4
40.3

9109.5
12.8

29443.8
41.2

3356.7

4.7

714121
100

atmospheric deposition 7.9(0.7)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 7.9 (0.7)
atmospheric deposition 21.9(0.5)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 21.9 (0.5)

0.7 (3.6)
0.2 (1.1)
0.4 (2.2)
9.1 (46.1)

10.5 (53.1)

4.2 (5.3)
18.9 (24)
0.1(0.2)
6.9 (8.8)

30.1(38.3)

0.6 (1)
0(0.1)
0.1(0.1)
10.4 (16.7)

11.1 (17.9)

4.5 (1.8)
3.6 (1.5)
0.2 (0.1)
7.4 (3)

15.7 (6.3)

0.7 (3.5)
0.1(0.5)

2.3(11.9)

3.1(15.9)

2.7 (3.6)

5.6 (7.3)

4.5 (5.8)

12.8 (16.7)

4.3(2.6)
1.6 (1)

1.5 (0.9)
0.1(0.1)
14.6 (8.6)
20.5 (12.2)

16.3 (2.4)
38 (5.6)
20.6 (3.1)
17.4 (2.6)
202 (30)
256.4 (38.1)

0.6 (0)
0(0)

4.8(0.2)
0(0)

5.4 (0.2)

1.8 (0)
0(0)

4.9 (0.1)
0(0)

6.7 (0.1)

0.1(0.7)
0.7 (8.2)
0.1(1.7)
0.2 (2.3)
6.1(77.5)
0.1 (1)

0.7 (8.6)
7.9 (100)

0.2 (0.5)
3.4 (10.7)
10.4 (32.8)
0.1(0.2)
6.4 (20.1)
1.8 (5.6)

9.5 (30)
31.7 (100)



Table 25: Serbia — intensification

area in km? 224.2

area share in %

9088.5
83.6

296.2

2.7

574.8

5.3

10872.8
100

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 6.7 (1.4)

6.7 (1.4)

atmospheric deposition 17.5(0.8)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 17.5(0.8)

0.8(7.2)
0 (0)

0.3 (2.6)
7.3 (62.6)

8.4 (72.4)

6.1(11.4)
0(0)
0.1(0.2)
6.1(11.4)

12.2 (22.9)

0.7 (0.2)
0 (0)

0 (0)
7.3(2)

8.1(2.3)

6.1(0.4)
0(0)
0.1 (0)
6.1(0.4)

12.2 (0.7)

0.7 (0.4)
0(0)

1.4 (0.8)

2.1(1.2)

2.5(0.3)

0(0)

4.1(0.5)

6.6 (0.8)

6.1(3.3)
13.7 (7.4)
13.7 (7.4)
0 (0)

20.3 (11)
40.1(21.8)

24.1(2.9)
196.5 (23.3)
171.3 (20.3)
25.2 (3)
408.3 (48.4)
628.8 (74.6)

0.6 (0.1)
0(0)

9.4 (0.9)
0(0)

10 (1)

2 (0)
0(0)

5.1(0.1)
0(0)

7.1(0.2)

0.1(1.4)
0.8(7.9)
0(0)
0.3(2.6)
6.8 (69.6)
0.7 (7.4)

1.1(11)
9.7 (100)

0.4 (0.8)
5.4 (12.1)
0(0)
0.1(0.2)
6.8 (15.2)
10.4 (23.3)

21.6 (48.4)
44.6 (100)



6.2.5 Vision 2

Table 26: Whole Tizsa — vision 2

area in km? 1587.2 75887.3 14603.9 55727.3 7690.5 725.0 156221.1
area sharein % 1.0 48.6 9.3 35.7 4.9 0.5 100
‘Nitrogen  WSA  Arable  Grassland  Forest Urbanarea OtherAreas Total
atmospheric deposition 8.1(1.6) 0.1(1.6)
surface run-off 0.8 (7.3) 0.7 (1.2) 0.7 (5) 0.7 (0.1) 0.7 (13.6)
erosion 0.1(1.2) 0(0.1) 0.1 (0.5) 0(0) 0.1(1.7)
tile drainages 0.3(3.2) 0.1(0.1) 0.2 (3.3)
groundwater & interflow 3.5(32.2) 4(7.2) 3.3(22.5) 3.3(3.1) 8.1(0.7) 3.4 (65.8)
urban systems 1.2 (1.1) 0.1(1.1)

sewer systems 0.9 (0.9)

DCTP 0.3(0.2)

point sources 13.7 (12.9) 0.7 (12.9)
Total 8.1(1.6) 4.7 (43.8) 4.8 (8.6) 4.1 (28) 18.2 (17.2) 8.8 (0.8) 5.2 (100)
atmospheric deposition 21.6 (0.8) 0.2 (0.8)
surface run-off 3.8(7) 3.9 (1.4) 3.2(4.2) 1.9 (0) 3.4 (12.7)
erosion 9.5 (17.4) 2.5(0.9) 4.6 (6.1) 0 (0) 6.5 (24.4)
tile drainages 0.3 (0.6) 0.3(0.1) 0.2 (0.7)
groundwater & interflow 6.4 (11.6) 7.1(2.5) 4.9 (6.6) 9.1(1.7) 5.3(0.1) 6 (22.5)
urban systems 28.4 (5.3) 1.4 (5.3)
sewer systems 21.2(3.9)

DCTP 7.2 (1.3)

point sources 181.9 (33.7) 9(33.7)
Total 21.6 (0.8) 20.1(36.6) 13.8(4.9) 12.6 (17) 219.3 (40.6) 7.2 (0.1) 26.6 (100)



Table 27: Slovak Republic— vision 2

are in km? 81.4

area share in %

6080.7
38.5

833.7
5.3

7788.1
49.3

969.5
6.1

48.2

15801.5
100

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

17 (1.2)

17 (1.2)
atmospheric deposition 41.4 (0.7)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 41.4 (0.7)

0.9 (4.9)
0.4 (2)
2.9 (15.9)
4.4 (23.9)

8.5 (46.7)

6.1(7.3)
31.4(38)
2.9 (3.6)
5.4 (6.6)

45.9 (55.5)

0.7 (0.6)
0.1 (0)

0.7 (0.5)
4.8 (3.6)

6.3 (4.7)

6.1 (1)
4.4(0.7)
2.8(0.5)
5.8 (1)

19.2 (3.2)

0.7 (4.9)
0.1(0.6)

4.1(29.1)

4.9 (34.5)

3.1(4.8)

5(7.7)

5(7.8)

13.1(20.3)

4.7 (4.1)
0.8 (0.7)
0.5 (0.5)
0.3(0.2)
8.6 (7.5)
14.1 (12.3)

10.8 (2.1)
14.5 (2.8)
7.3 (1.4)

7.2 (1.4)
79.5 (15.4)
104.9 (20.2)

0.7 (0)
0(0)

9.9 (0.4)
0 (0)

10.6 (0.5)

1.5(0)
0(0)

6.3 (0.1)
0(0)

7.8(0.1)

0.1(1.2)
0.7 (10.3)
0.2 (2.6)
1.2 (16.5)
4.3 (61.2)
0(0.7)

0.5 (7.5)
7 (100)

0.2 (0.7)
4.2 (13.2)
14.8 (46.5)
1.3 (4)

5.6 (17.5)
0.9 (2.8)

4.9 (15.4)
31.8 (100)



Table 28: Ukraine — vision 2

area in km?
area share in %

27.7

3312.9
26.0

67.1

0.5

9311.5
72.9

34.8
0.3

12765.3
100

atmospheric deposition 34.4 (0.9)
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total 34.4 (0.9)
atmospheric deposition 95.4 (0.5)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 95.4 (0.5)

1.3 (4.2)
0.1(0.5)
0.4 (1.2)
6.2 (20.2)

8 (26.1)

6.5 (4)
8 (4.9)
0.4 (0.2)
10 (6.1)

24.9 (15.2)

1.2 (0.1)
0(0)
0.1(0)
7.5(0.5)

8.9 (0.6)

8(0.1)
1.9 (0)
0.5 (0)
12.7(0.2)

23.1(0.3)

1.1(10.4)
0.1(0.6)

4.7 (42.8)

5.9 (53.8)

5.8 (9.9)

4 (6.9)

7.6 (13.1)

17.4 (29.9)

50.1(1.7)
35.2(1.2)
8.2 (0.3)
26.9 (0.9)
458.2 (15.6)
543.5 (18.5)

199.3 (1.3)
235.8 (1.5)
111.9 (0.7)
123.9 (0.8)
8014.1
(51.3)
8449.2
(54.1)

1.4 (0)
0(0)

3.2(0)
0 (0)

4.5 (0.1)

7.2 (0)
0(0)

9.3 (0)
0(0)

16.5 (0)

0.1(0.9)
1.2 (14.7)
0.1(1.1)
0.1(1.2)
5.2 (65.3)
0.1(1.2)

1.2 (15.6)
8 (100)

0.2 (0.5)
6 (14)
5(11.8)
0.1(0.2)
8.8 (20.6)
0.6 (1.5)

21.8(51.3)

42.5 (100)



Table 29: Hungary — vision 2

area in km?
area share in %

748.3

28359.4
62.5

3984.0
8.8

9511.6
21.0

2439.8
5.4

326.5

45369.5
100

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

6.9 (2.8)

6.9 (2.8)
atmospheric deposition 18.1(1.7)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 18.1 (1.7)

0.7 (11.3)
0(0.3)
0.1(0.9)
2.8 (43.8)

3.6 (56.4)

3.3(11.5)
1.8 (6.5)
0.1(0.2)
6.3(22.2)

11.4 (40.4)

0.7 (1.6)
0(0)
0(0)
3.6(7.9)

4.4 (9.6)

4(2)
0.5(0.3)
0.1 (0)
7.7 (3.8)

12.3 (6.1)

0.5 (2.8)
0(0.1)

2(10.4)

2.6 (13.3)

2(2.4)

1.2 (1.5)

4 (4.8)

7.3 (8.7)

2(2.7)

1.9 (2.5)
1.7 (2.2)
0.2 (0.3)
8.2 (11)
12.1(16.2)

5.7 (1.7)
43.4(13.2)
36 (11)

7.4 (2.3)
91.4 (27.9)
140.5 (42.8)

0.6 (0.1)
0(0)

8.9 (1.6)
0 (0)

9.5 (1.7)

1.7 (0.1)
0 (0)

5.2(0.2)
0(0)

6.9 (0.3)

0.1(2.8)
0.6 (15.9)
0(0.4)
0(0.9)
2.7 (66.5)
0.1(2.5)

0.4 (11)
4 (100)

0.3(1.7)
2.8 (16)
1.5 (8.2)
0(0.2)
5.8 (32.8)
2.3(13.2)

4.9 (27.9)
17.6 (100)



Table 30: Romania — vision 2

area in km? 505.4 29035.3 9422.7 28531.9 3670.9 245.9 71412.1
area sharein % 0.7 40.7 13.2 40.0 5.1 0.3 100
‘Nitrogen  WSA  Arable  Grassland  Forest ~  Urbanarea OtherAreas Total
atmospheric deposition 7.7 (1.1) 0.1(1.1)
surface run-off 0.7 (5.9) 0.6 (1.7) 0.7 (5.3) 0.7 (0) 0.7 (12.9)
erosion 0.2 (1.7) 0(0.1) 0.1(0.8) 0 (0) 0.1(2.6)
tile drainages 0.1(1.2) 0(0.1) 0.1(1.3)
groundwater & interflow 3.7 (29.5) 4.1 (10.7) 3(24) 3.4 (3.4) 5.7 (0.4) 3.4 (68.1)

urban systems 0.4 (0.5) 0(0) 0(0.5)
sewer systems 0.4 (0.4)

DCTP 0(0)

point sources 13.3(13.6) 0.7 (13.6)
Total 7.7 (1.1) 4.7 (38.2) 4.8 (12.6) 3.8(30.1) 17.2(17.5) 6.4 (0.4) 5 (100)
atmospheric deposition 21.3(0.5) 0.2 (0.5)
surface run-off 3.3(4.8) 3.6 (1.7) 2.7 (3.8) 1.8 (0) 2.9 (10.3)
erosion 15.6 (22.4) 3.3(1.5) 5.8 (8.2) 0(0) 9.1(32.2)
tile drainages 0.1(0.2) 0.2 (0.1) 0.1(0.3)
groundwater & interflow 6.3(9.1) 7 (3.3) 4.3(6.1) 9.1(1.7) 5(0.1) 5.7 (20.2)
urban systems 16.1(2.9) 0(0) 0.8(2.9)
sewer systems 10.1 (1.8)

DCTP 6(1.1)

point sources 184.7 (33.6) 9.5(33.6)
Total 21.3(0.5) 25.4 (36.5) 14 (6.5) 12.9 (18.2) 209.9 (38.2) 6.8(0.1) 28.3 (100)



Table 31: Serbia — vision 2

area in km?
area share in %

224.5

9099.0
83.7

296.5

2.7

584.2

575.5
5.3

93.1

10872.8
100

atmospheric deposition
surface run-off

erosion

tile drainages
groundwater & interflow
urban systems

sewer systems

DCTP

point sources

Total

6.7 (2.6)

6.7 (2.6)
atmospheric deposition 17.5(1.4)
surface run-off

erosion

tile drainages

groundwater & interflow

urban systems

sewer systems

DCTP

point sources

Total 17.5 (1.4)

0.8 (13.4)
0(0)

0.1 (1.6)
3.2 (50.1)

4.1 (65)

4.9 (15.3)
0 (0)
0.1(0.3)
6.1(19)

11 (34.6)

0.7 (0.4)
0(0)
0(0)
3.2 (1.6)

3.9(2)

4.9 (0.5)
0 (0)
0.1 (0)
6.1(0.6)

11.1 (1.1)

0.7 (0.7)
0(0)

2.2 (2.3)

2.9 (3)

2.5(0.5)

0(0)

4.1(0.8)

6.6 (1.3)

3(3)

1.7 (1.7)
1.7 (1.7)
0(0)

20.5 (20.6)
25.2 (25.3)

8.7 (1.7)
53.9 (10.7)
47.6(9.4)
6.3 (1.3)
246.3 (48.9)
308.9 (61.3)

0.7 (0.1)
0(0)

11.5(1.9)
0 (0)

12.2 (2)

2.2(0.1)
0 (0)

5.8(0.2)
0(0)

8(0.3)

0.1(2.6)
0.8 (14.7)
0(0)

0.1 (1.6)
3.1(58.8)
0.1(1.7)

1.1 (20.6)
5.3 (100)

0.4 (1.4)
4.4 (16.4)
0(0)
0.1(0.3)
6 (22.4)
2.9 (10.7)

13 (48.9)
26.7 (100)



6.3. Short report from 1* of December 2017

- Data input for MONERIS —

1) Hydrological data
2) Land use data
3) Next steps

1) Hydrological data

New hydrological data was provided by Romania and Slovak Republic. In table 1, locations of the new
stations and the neighboring stations of the 2014 Danube project are shown. The comparison of monthly
means of the neighbor stations revealed strong deviations (Fig. 1) which are apparently not explainable
by the hydrology but rather by differing measuring methods of the different countries.

Table 1: New hydrological stations

Hydrological Country | Analytical Temporal Adjacent Approx.
station unit ID resolution of Hungarian distance
discharges hydrological between

station hydrological
downstream stations, km

RO12 Romania | 324 Daily HU11 4.0

RO13 Romania | 410 Daily HU12 3.0

RO15 Romania | 430 Daily HU14 0.4

SK9 Slovak 4062 Daily HU8 1.0

Republic

In order to be able to proceed with the setup of the model a decision is needed how to handle these
inaccuracies. The inconsistency in the data needs to be taken into account in the setup of the model.
Following options are possible to deal with the inconsistencies:

1) Neglect the differences and use the old stations used in the Danube project for hydrological
calibration

2) Use the new stations for hydrological calibration of the model

3) Use arithmetic means of both stations for the hydrological calibration of the model

An advantage of the use of the new hydrological stations is the higher resolution of water quality data
available for the Romanian stations (24 values per year) in comparison to the stations in Hungary (12
values per year). Additionally, new hydrological data was delivered for the Slovakian stations SK10, SK11,
SK12 (corresponding analytical unit IDs: 4065, 4074, 4088). A comparison of the measured discharges
with the modeled discharges revealed partly high deviations. Thus, we would suggest a new hydrological
calibration also including stations SK10, SK11 and SK12.

IMPORTANT: Please inform us until 15" of December 2017: 1) which option we should choose and 2)
whether we should include stations SK10, SK11 and SK12 in the hydrological calibration.
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Figure 1: Comparison of average monthly discharges in neighbor stations (see Table 1): Q=discharge,
difference = (Qupstream-Qdownstream)/ (Qupstream/100), Month 1 = January 2009, Month 48 =December 2012.

2) Land use

57



We compared the newest land use datasets available for the Tisza region with the input data used for
the Danube 2014 setup of MONERIS. Differences were predominantly found in Romania and Serbia (Fig.
2). They are due to technical reasons rather than changes in land use (data shift in Serbia, vector instead
of raster data in Romania) and provide a more precise dataset than the one used in the Danube 2014
setup. Therefore, we decided to update the land use and soil loss values in the MONERIS database

] A Legend
N [ corine 2012 A Legend
oo B Ecrins N
L egual
Hilameters - GlobCorine o 30 B0 -

L1
Kilometers |:| not equal

Figure 2: Land use data: a) Overview over data sources b) Difference of Corine Land Cover 2012 in
comparison to the Danube 2014 project.

Table 2: Land use datasets used as input data

Dataset Spatial URL Used for
resolution

Corine Land Cover | 100m http://land.copernicus.eu/pan- All Tisza,

(CLC) 2012, Version european/corine-land-cover/clc-2012/view except Ukraine

18.5.1

GlobCorine 2009 300m http://dup.esrin.esa.int/page_project114.php | Ukraine

ECRINS https://www.eea.europa.eu/data-and- All Tisza
maps/data/european-catchments-and-rivers-
network#tab-gis-data

3) Next steps

In accordance with latest approaches used in the MARS project, the next steps will be:
1) Update of the land use and soil loss values in the MONERIS database
2) Derivation of N surplus
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6.4. Short report from 1* of February 2018

Precipitation, Evapotranspiration and Precipitation — Evapotranspiration 2009
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Gauges with corresponding analytical units

SK10 *1\1
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Questions:

Are the negative water balances explainable by
water extractions (e.g. by agriculture) in the grey
marked analytical units?

Could you provide or indicate us a dataset to verify
this assumption?

Gauges:

SK10, SK11, SK12: new implemented gauges

SK9, RO12,R013, RO15 : gauges that are substituting
former Hungarian gauges

HU9, RO16, HU13, HU10: gauges also used in Danube 2014
model setup
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MONERIS manual
- Online help tool as available in MONERIS version 3.0 beta -

Preface

This online help is intended to support you in working with the MONERIS software und its user
interfaces. It is accessed via the HELP button.

In the following running text names for menu bars and their functions are printed in italics and the
buttons (and other control elements of MONERIS) are printed in bold face.

In addition, the help points out tooltips belonging to the user interfaces. These tooltips provide you with
extra information on which working steps are necessary for each task whenever the mouse hovers
above the task.

To support user, red background color of fields is used as follow:
- Red background color in empty fields on the MONERIS user interface shows you, these fields are
necessary to fill
- If you define an invalid value by filling packing of measures, this field is marked with red
background color
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1. Introduction

MONERIS (MOdelling Nutrient Emissions in Rlver Systems) is a semi-empirical, conceptual model for the
quantification of nutrient emissions from point and diffuse sources in river catchments (Behrendt et al.,
2000; 2002a; 2002b). MONERIS now has a new model surface programmed in C#, which we
implemented in 2012, (previously EXCEL/VBA was used for all calculations). In MONERIS results are
presented for total nitrogen (TN), total phosphorus (TP) and dissolved silicium (Si). Furthermore, a
scenario manager has been developed to calculate the effects of measures on the nutrient emissions for
different pathways and spatial units.
The model is based on data for runoff and water quality for the study area, along with a Geographical
Information System (GIS), thus bringing together digital maps as well as statistical information for
different administrative levels. The application of MONERIS allows regionally differentiated
guantification of nutrient emissions into a river system on the level of an analytical unit. The results can
be visualised in GIS generated maps.
Figure 1 gives an overview of the main pathways and processes in MONERIS. There are seven pathways
for nutrient emission into surface waters:
here are seven pathways for nutrient emission into surface waters:

- point sources (from municipal waste water treatment plants and direct industrial discharge)

- atmospheric deposition on water surface areas

- groundwater

- tile drainages

- urban areas (sealed)

- erosion

- overland flow (dissolved nutrients
Whereas point emissions from waste water treatment plants and industrial sources are directly
discharged into the rivers, diffuse emissions into surface waters come from different pathways,
represented by separate flow components. The direct and diffuse components must be separated, since
the underlying processes and the nutrient concentrations are different.
The model facilitates beneath the calculations of emissions into surface waters, calculations of nutrient
retention in surface waters, and allows a comparison between the calculated and the observed loads.

Scenario
Manager

Topography

External framework

Catchment characteristics

Pathways

2000

Surface waters

)
{

3 Point &
sources &
Retention o4
]
%3
Loads and
Concentrations

Cost-Effectiveness-
lysis

Figure 1: Structure of the MONERIS model showing the external framework, catchment characteristics, pathways, and
surface waters (Venohr et al 2011).






2. First steps

System requirements

Following system requirements must be fulfilled to work with MONERIS 3.0:
Software:
MONERIS 3.0
- Systems Software Microsoft Windows XP or Windows 7
- Microsoft .NET Framework 2.0
MONERIS Import Tool
- ArcGIS 9.3.1, ArcGIS 10.0,
- Spatial Analyst extension
Hardware:
- 4 GB RAM memory
- About 100 MB free hard disc (without Data)
- Display resolution of 1024 x 768



Notes on installing and starting the program

Starting the setup
The setup to install MONERIS is started by double clicking on IGB.Monerisv3.0_w7_x86. msi.

) MONERIS 3.06 Setup = =

Welcome to the MONERIS 3.0.6
Setup Wizard

The Setup Wizard will install MONERIS 3,0.6 on your
computer, Cick Next to continue or Cancel to exit the Setup
Wizard,

After accepting the licensing agreement, both the components to be installed and the target directory
for installation are selected.

1) MONERIS 3.06 Setup (RS

Ths feature recures 27556 on
your hard drive.

Locaton: C:'\Program Fles (x56) WMONERIS\

[ Reset | Dokussge |[ Bak [ Net ][ conel |




1) MONERIS 3.0.6 Setup E=HE=

Click Instal to begin the nstalation. Cick Back to review or change any of your
nstalation settngs. Cick Cancel to exit the wizard,

% 4

After installation, end the setup by clicking Finish.

”
15 MONERIS 3.0.6 Setup o

Completed the MONERIS 3.0.6
Setup Wizard

Click the Finish button to it the Setup Wizard,

The links to MONERIS Program and preprocessing tool will appear on the desktop after installation.

.
Lal

MONERTS

|-'-_-|:|.":- 2RI

Start
To start MONERIS, double click on the MONERIS icon. The user interface is opened.



3. MONERIS main menu

User surface design

The user surface in MONERIS comprises the following four menu points:
- Model setup
- Management alternative settings
- Calculate settings

- Results

Your first step as a user is to connect to the input and output databases (MONERIS-in.mdb, MONERIS-
out.mdb and optionally MONERIS-Scenario.mdb). Depending on the extent of your calculations,
calculations can be carried out for single years already in the second step using the Calculate settings
menu item (see section Calculate single years), or you can start calculations considering specific
hydrological conditions (dry or wet years, long term means) after defining management alternatives (see
sections Management alternative settings and Calculate hydrological conditions).

Using the Elbe Expert Toolbox, an input scenario set can be prepared for the Elbe river basin. An input
scenario set is related to scenario data in scenario database (MONERIS_Scenario.mdb).

The scenario data will be used instead of the standard input data if connection to scenario database has
been established using Model setup > Select Database.



4. Model setup

Importing a database

Via the menu Model setup = Import Database the user can import input data from database format of
version 2.16.018 to a MONERIS-In.mdb database of the current version.

~Model setup } Management altern

Import database

Select database

View project metadata
View input metadata
View installed modules

View and edit constants

Note: A tooltip guides the user through the necessary steps and gives helpful explanations on
the menu point. To export results in to a VBA/Excel-MONERIS database: see section Export
results.

To import input data from database format of version 2.16.018:

Use browse button to select the database of version 2.16.018.

Use appropriate combo box to select desired project, variant and scenario.

Use browse button to select an empty input database of the current MONERIS version.
Press the Import Button.

vk W

The selected input database of the current MONERIS version is now filled with data from the
database of version 2.16.018.

6. Optionally, proceed with the Model setup > Select Database menu option in order to continue
working with the freshly filled input database.

Note: Data of only one variant can be imported into a database of current version. If data of
more than one variant shall be imported, different copies of current version ‘s database has to
be used.

If your data is stored in a database of an older version, the data has to be copied into a
database of version 2.16.018.

An empty database of version 2.16.018 (Moneris-IGB.mdb is available in <installation
directory>template\mdb\.

It is recommended to work with a local copy of this database.

10



' MONERIS 30 B8 =5 |

Model setup

Model settings > | database
From database format of verson 2 16018
Proect | Danube

Varart | manderd

Scenano | sc_baselne

To wgnt database lommat of Cuvert version

orrected 1o Input database of cument verson and datsbase of MONERIS 2 16 018 Ready for mport

oo ot
|
|

After the import process is finished, a message box will appear. The message box reminds you that you
still have to connect to output database. Therefore, you have to switch to menu option Select database.

-

I-’l.-h:nnu"ls- @l

Finished import of input database.

To connect ko output database use menu opbion Select Database’.

0K

Selecting a database

Via the menu Model setup = Select Database the user can select databases.

| Model setup Management altern:
Import database |
Select database
View project metadata
View input metadata
View installed modules

View and edit constants

The output database can be empty while the input database has to contain the complete data required
for the MONERIS calculation. The input database can be filled with input data either:

- by importing data from a database format of version 2.16.015 or

- by using the pre-processing tools of MONERIS.

An empty input database (Moneris-In.mdb) and an empty output database (Moneris-Out.mdb) of
current version is available in <installation directory>template\mdb\.
It is recommended to work with a local copy of these databases.

You can navigate to the input, output and optionally scenario databases via the OPEN dialog. The
connection path to the selected database is shown in the appropriate text box.

Using the Elbe Expert Toolbox, an input scenario set can be prepared for the Elbe river basin. An input
scenario set is related to scenario data in scenario database (MONERIS_Scenario.mdb).

11



The scenario data will be used instead of the standard input data if connection to scenario database has
been established using Model setup Select Database.

The database path is stored as user setting. If you start MONERIS next time, these database path’s
appear in the related text boxes.

Under the precondition that the database is not moved or renamed you can use CONNECT ALL Button
to connect to all databases.

A progress bar shows the successful import of the input data tables.

a; Select database =

o]

4

Input database Check content
Output database
Scenario database (EET)

Progress

 Hep | [ Connectal
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Tables of the input and output databases

Table 1: Tables of input database

10

11

12

iz

14

15

16

17

18

19

20

Table name

Coordinationfrea
Country

RreerBasinDistic

State

TimeSeres

TimeSeresvalue

DischargePoint
MonitoringStation

W asteWaterTreatmentPlant

AnalyticalUnit

Hydrogecology

Hydrology

InputMetadata

LandUse

ProjecMetadata

Scenario
Sail

SailLoss

SurfaceW ater

SurfaceW ateMaplockup

Explanation

MName, keyfield
Country name

River basin district
State

Parameter names,
frequency and
units of periodical
data

Periodical values

Discharge point

Name of
Manitoring station

Waste water
treatment plant

ENMER parameater,
elevation
information,
nitrogen surplus
and area topolo
based on EHpCh ¥
individual area

Hydrogeological
ata, mean

groundwater

residence ime

Data on
evapotranspiration
and predpitation

mare information
about e.g.
institution
provided data,
download link from
data

Land use data;
nitrogen surplus

Modeler name,
river system,
Reference year N
surplus, Scale
factor

Soil data,
phospherus
aocumulation;
Nitrogen and clay
m@ntents in the soil

Sail loss on arable
land with slope
less and soil loss
on Grassland and
natural covered
area

Fow length of
main river and
tributary; Area of
lakes in main river
and tributary

as Basis for Sale
factor

Table in DB of VBA-
Version

Mame in basidnfo (BL_WA)

MName in basidnfo
(Bl Country)

MName in basidnfo [BI_RED)

Name in basidnfo [BI_State],
IDs in cuntry_meta

Artributes in perodial_data,
manthly_hydmolegy_optional,
country_data, monitoring
statien

“alues of pericdizl_data,
menthhy_hydrolegy_optional,
country_data, monitoring
statien

individuell_wwtp [TS_1= ™)

menitering_data
[staticvalues)

individuell_wwtp (TS_1 =
)

basicinfo

basicinfo

basicinfa

projed_meta

basicinfo

basicinfao

basicinfao

basicinfao
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Table 2: Tables of outputdatabase

Nr Table name

1 ChangedConstants

= ChangedModules

3 ChangehSurplusLlockup
B Constants

=1 ConstantsSettings

=1 InputScenaricSet

7 Managementiternative
8 ManagementOpticn

9 ManagementSetting

10 ModuleSettings
11 ProjeaMetadata

12 Scenario

13 StatidResults

14 TimeSenes

i5 TmeSenesvalue

Check of databases

By clicking the Check content box a brief check of the input database is automatically performed when

connecting with the database.

Table in DB of
VBA-Version

Constants.mdb

Explanation

Constants can be
changed by modeler

Modules can be changed
by modeler

How can Msurplus

changed

standard value are saved
in source cede

Can be filled in
EET.manages scenaric

data from other models
[SWIM LUS, RAUMIS)

Mew attribute in
scEnario_settings

Mame of management
alternative

Properties of package of
measures

Measure_groups

Spatial assignment of
package of measures o
analytial units

Coded value domain

scenario_settings

Master mble of result
metadata [related to
TimeSeriesWvalue,
InputSeEnarioSet,
Managementiternatve,
ChangediConstants,
ChangedMadules

Result table for static
results

Ztributes of results,
results_monthhy,
results_(EA

‘alues of results,
results_maonthhy,
results_(EA

Parameter names of
perindical results

Pericdiclresuls

a—
o Select database

Input databass

Output database

¥ Check content

The result is then saved in a log file in the user’s Windows Temp-directory, e.g.

C:\Users\userxyz\AppData\Local\Temp\Moneris.GUI\Moneris.GUIl.log
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The file is automatically opened after being checked. In case no errors were found, the types of checks
performed are listed.

1| Momeris Gl og - Edne L
| Do fewteren roeet anmose 1 1
WOy 15, exe Information: o 1 ouring the folloning checks, no ercors have been found in Irput gatabase:
voner13.exe Information: O : Musber of time series values correlates with nurber of analytical untza (ro. of values / nits 13 an integer).
voner 13, exe Information: O 1 A11 analyrical units are related to data about hydrology, hydrogeology, Iard use, sofl 20t 3055 and sorTac Ter,

Ve 15, exe Information: 0 : for all analytical units, difference of Lotal arsa and Sum 0F land use classified areas 15 Jess than 1),

In case errors were found, they are listed according to AnalyticalUnits IDs:

r
] MonersGliliog - Faitor
Be-vbmm fgm-m Araxcte
intormation: O : 10 30011: Difference of total area and and sum of land use
Information: O : 10 30014: Difference of total area and and sum of 1and use
Intormation: 0 ; ID 50020: Difference of zotal area and and sum of land use
ntaormation: 0 ; I0 30023: Difference of total area and and sum of land use
ntormation: 0 ; I0 30027: Difference of total area and and sum of land use
e Information: 0 ; ID 50040: Dtncrence of total area and and sum of land use are
information: 0 ; ID 50 it use classified area
information: 0 ; ID use classified 32476G
e Infarsation: 0 ; ID use clazsified areas oaonz(nunzn'
Iinformation: © : 1D g use classified areas 4451 366048077961
information: 0 : 10 : Difference of tota of land use classified areas ;nca??ll?m?’
infarmation: 0 : ID 30070: Difference of tota of land use clazsified areas V9BE023064474451
Infarmation: 0 ; ID : Difference of tata of land use classified areas VOL3ITERS 54925927
inrfarmation: 0 : 10 Difference of tota of land use classified areas 1 2208240032156!
armation: 0 : ID : Difference of tata sun of land use claxsified arsax 105356311 798036
armation: © : ID 7: Difference of tota of land use clazsified areas o:onwmnan'u
armation: 0 : ID : Dif ce of tata of land use claxsxified arsax 8014253160247
armation: 0 : ID Dif of tota of land uxe claxxified arwas onu'unnxd'
rfarmation: D : ID Dif of tata of land use claxsifind arvas 1183 GA61792
farmation: 0 : ID Dif of tata of land use clazxsified areas LB44531080423701
armation: 0 : ID Dif of tata of land use clasxified 17610859070921 1
reation: 0 : ID Dif of tata of land use clasxified
reation: O 10 Dif of tata of land use classifind
reation: O 0 Dif of tata of land uxe classified
pfarmation: O 10 Dif of tata of land use classified
Infarmation: © 0 Dif of tota of land use classified
Infarmation: © 0 Dif of tata of land use classified
Infarmation: © o Dif of rata of land use classified
Infarmation: © o Dif of tata of land use classified
Infarmation: © 0 pif of tota of land use classified
3 ] 0 Dif of rota of land use classified .
0 ID Dif of tota of land use classified osss»fs.uuu'
3 o oif of tota of land use classified 22301080888 76721
o 10 oif of tota of Jand use classified ,125205400211 391
maner is. axe reation: © 0 piffarance of tota and of land use classified LB8280717 5775951
- 4

The following tests are performed:

For every Time Series entry for AnalyticalUnits:

- Does the number of related TimeSeriesValues correspond with the number of Analytical Units,
and is the TimeSeriesValues / AnalyticalUnits number thus an integer?

For every Analytical Unit:

- Does is have related entries in the tables Hydrology, Hydrogeology, Land Use, Soil, Soil Loss und
Surface Water?

- Does the total area equal the sum of areas of the single land use classes? Thus is total area
minus land use areas <= absolute value of 1 Parameter?

In case errors were found, the menu option Calculation settings stays disabled. If you decide to
calculate with this input data anyway, you have to establish the connection to input database again - but
without ticking Check content check box.

View project metadata

The modeler may describe the project and configure the model via metadata. To this end, open the
input database via Access and enter the desired parameter into the PROJECTMETADATA table.
The PROJECTMETADATA table of the input database enables to set the following parameters:
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Table 3: Parameters of inputdatabase

Parameter Description

FirstSetup Date of the first model setup
LastUpdate Date of the last model setup
ModellerName Name of the modeler
RiverSystem Name of the river system

When model results are saved to the output
database, the name of the river system is
copied to the PROJECTMETADATA table of the
output database.

This is important for the following executions of
MONERIS. By mistake it might happen that this
output database is selected together with an
input database of another river system. Then,
the user is informed by a message box and can
select the appropriate input database of the
matching river system.

RefYearNSurplus Regarding country wise input data, it is possible
to choose one reference year by which to
investigate temporal changes of nutrient
surpluses. This is necessary when the model is
calculated for hydrological conditions (long term
mean, dry or wet conditions). When 2015is
chosen as reference year, development of the
nitrogen surplus until 2015 is used for the
calculation. This can be important for calculation
of the mean nitrogen surplus during the
groundwater residence time.

ScaleFactor According to the surface water map used
during preprocessing of input data, a scale
factor has to be chosen. This scale factor
influences the later calculation of surface areas
from main rivers and tributaries.

Possible scale factors are stored in the
SURFACEWATERMAPLOOKUP table of the input
database.

SurfaceWaterMapLookup

SurfaceWaterMaplID | SurfaceWaterMap
DTK25

UBA1000
UBA_O5U1000
DLM250

DLM1000

BART1000

6 | DCW1000

N [W W= |2

ReferenceYearCountry The country wise input data does not contain
time series values for hydrological conditions.
Therefore, a reference year has to be chosen.
When the model is calculated for hydrological
conditions, country wise input data of the
chosen reference year are used.

By the menu point Model setup = View project metadata, the user is shown the project metadata.

Model setup | Management altern:

Import database

Select database

View project metadata ||

View input metadata
View installed modules

View and edit constants

16



W MONERIS 3.0 W [B=EEr—x—)

Model setup  Management alternative settings  Calculation settings  Resuits

> View metadata

m D \Stefarse'\orojects\ 14800685 _Upgrade MONERIS work'\data\access \Moners-nDonau mdb

Path of output database D \Stefarve \orojects\ 14800685 _Upgrade MONERIS work'\data' \access \Monens- Out Donau mad
Rver system Darnbe

Modeler name Horst. Madous

Raference year N suplus 1959

Reference year courtry data | 2005

Suface water map UBA_OSU1000

View input metadata

The modeler may describe input data via metadata. To this end, open the database via Access and enter
the desired parameter into the INPUTMETADATAtable.

By the menu point Model setup = View input metadatathe user is shown the metadata.

Maodel setup | Management altern:

Import database
Select database

View project metadata
View input metadata

View installed modules

View and edit constants

Model setup > View input metadata
D nput data Data source Hypedink/odress  Download Fie name Fie path Datatyp
Nederschisg RLP | Rheilend Plalz | [ |rogrie_rstershp kA | shape
2 Noederachiog R, | Gobal Preciotati.. Ap:/Atpsncn dw... | [then_prec_01.0.. kA | Raster
3 {oktucte mitiers €. CH. AmandR. . | — |moet0 kA [Raster |B
P [landntzung RL... | Rhoriond-Plalz | [ |ATKIS_RLP_Mo... (kA | Shape. P
5 {Landoutzung R, | Deutsche Femer... | kitp-//www.comn... | |g100_06 kA [ shape, V
3 | Hohenmodet 100m | NASASRTM Q0...|htp-//dds.crusg... | |6 dem_ 100 kA [Roster L8
7 | Hohenmodet 100... GTOPO30 des U |hitp-//eros usgs.... | |Eur_dem_1000 kA | Raster
3 | Bodenkarte BOK.. | Rheintand-Plaiz; _ | [ | Buek200dp_bol_ [KA [ Shape, P
9 | Bodenkarte BUK . | BGR, 1938 [ [ bk _1000 kA | Shape. P
10 | Atmosph. Depost... | Co-cperative Pro... | [ |nox_13802008; . kA | Raster
n | geologische Kat,.. |BGR, 1993 [ [ | g_1000 kA [ shape. P
12 |Huek - Boumester | Rheiniand-Plaiz | [ Ttk kA | Shape, P
1 | Gundwasserver... | KunkelWendan. | [ | verwed kA [Roster
1 [Pegeldten RLP | Rheiniand-Plalz | | lkA kA |Excel. &
15 |Pogeldoton Rhein | IKSR. sowie Lin... |Mtp//mopswass... | 01032012 |ker dakeosv (KA | Excel. S
1 [Gtedsten ALP  RhoriandPlaiz | | [ka kA, | Access. |
17 |Gitedaten Rhen | IKSR. sowe Lan.__htp //mapswass. 01032012 |ksrdatosv KA |Excel. &
. tarnhnmc oiend : s
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View installed modules

The model core is split into several exchangeable modules. This way, MONERIS modelers with basic
knowledge of the computer language .NET C# can make model changes in the source code and test
them on their own. To this end, the core module you intend to modify must be loaded into a separate
C# project and compiled in a program library (dll) after reediting. You can pass this program library on to
other MONERIS users. All you need to do is copy the program library to the Plugin directory. MONERIS
will recognize the module at next application and use it instead of the standard implementation. The
Plugln directory is made up of sub directories assembled in the directory of generic program libraries.
Depending on the operation system, it can be called different names:

Windows7/ English:
C:\Program Files (x86)\Common Files\MONERIS\DotNet\Pluglns\Engines\Test

Windows XP/ German:
C:\Programme\Gemeinsame Dateien\MONERIS\DotNet\PlugIns\Engines\Test

By Model setup > View changed modules the modules present in the Plugin directory are indicated:

Model setup | Management alternz

Import database
Select databasze
View project metadata

View input metadata

View installed modules

View and edit constants

Model setup  Management alternative settings  Calculstion settings  Results

Model setup > View installed modules
Name Descrption Sandord verson  Test versen

Bascs Test smplementation of Bascs 30 301

Due to the modular manner of the model core, the basic calculations concerning areas, water, etc. are
detached from the actual calculation of nutrients. In addition to this basis module for every nutrient
(nitrogen, phosphorus, silicium), there is an individual module which accesses the basic calculation
results via interfaces. Further, separate modules exist for calculation of the retention and the cost-
benefit-analysis of measures, as well as monthly disaggregation of the annual results. In detail these are
the following modules:

18



Table 4: Separate modules
MName Content
General calculations of areas, water, non-

Basics specific emissions, as well as summation of
point sources input data

EmissionsMitrogen Emissions nitrogen
EmissionsPhosphorus Emissions phosphorus
EmissionsSilicium Emissions silicium

Retention Retention

CostEffectivenessAnalysis Cost-benefit-analyses for measures
MonthiyDisaggregation Disaggregation of annual results into

monthly results

View and edit constants

Within the model core of MONERIS, the standard values of constants are hard-coded.
By the menu point Model setup = View changed constants the user is shown the standard values of
the constants.

Model setup | Management altern:

Import database

Select database
Wiew project metadata
Yiew input metadata

Yiew installed modules

Yiew and edit constants

Model setup > View and edit cor

Mew Dasciption:
Mame: [ =] [ Dese [ Bu |
Nama Deacrption Standard valus Changad vais Unit g
cegt  [Ieee—— 01 o
CEG17 ngtural 5od logs (%] tiha )
CBG13 mirumal SW rate 20 mmr
CeG2 N concertration snow o1 mgA
CBG20 Cfactor / background condtions 0005 withedt undt
CBG2 Sediment delvery for non arsbis land 5 %
CEG22 Matural N content in scd 280 mgvkg
CEGY Praciptation maamum #50 e
CBG6 P background Groundwaler 002 mg
CBGT P background stmosphers o1 mg
CBGl P backgmund suface noff om mg
CBGY N background stmasphere (= suphes of backgro.. |1 kg hayr)
CEl Sediment delivery ratio. Fakdor | 0.006584 empical factor. withou
CEI0 oweer e foe speciic sediment input 1 ™y
CEN standard envichment ko for specific sedmentin.. 18 empncal factor. wihou ~
1 '] ¥

The modeler may change constants if necessary. To this end, constant settings can be created and used
as calculation setting.
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To create a new setting of constants:
1. Type name and description of a new setting of constants.
2. Press the ‘Create’ button.
3. Enter the new values in the ‘ChangedValue’ column of the data grid.
4. Press the ‘Save’ button.

To edit an existing setting of constants:
1. Select the setting of constants
2. Press the ‘Edit’ button.
3. Enter the new values in the ‘ChangedValue’ column of the data grid.
4. Press the ‘Save’ button.

To delete an existing setting of constants:
1. Select the setting of constants.
2. Press the ‘Delete’ button.

To use an existing setting of constants as calculation setting:
1. Use the menu point Calculation setting > Calculate hydrological conditions
(or > Calculate single years) to open the respective calculation dialog.
2. Select the setting of measures.

Select settings of constants:

Mame: | Modified constants -

Description: ‘l-.I-:--:I'rfie-:I constants
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5. Management alternative settings

Via the menu point Management alternative settings, the user can:
- Define packages of measures
- Define management alternatives
- View management alternatives.

Defining packages of measures

The first step to define a new package of measures is entering a name and a brief description. If the
description or the name is missing, the Select a combination of measures tab control and the Save
button are not activated.

The next step is choosing one or a combination of measures. The combination of settings can be saved
as a new package of measures by clicking the Save button.

Existing POM cannot be edited but deleted only.

If the output database contains model results or management settings based on that POM, you will be
informed by a message box. If you decide to delete the POM anyway, related results and management
settings are deleted too.

To delete a package of measures, use the Existing combo box to select it and click the Delete button on
the bottom.

To review a package of measures, select the name in the existing combo box.
s MONERIS 3.0 | ). S

Model setup  Management alternative settings  Calculation settings  Results

Ma t alternative setti > Define of measures
Select a combination of measures:

Convernt arable to grassiand Other land use changes

Restoration of trbutanes

N -
N

.

Note: A tooltip guides the user through the necessary steps and gives helpful explanations on

the menu point where needed.

To define a new package of measures:

1. Select & combination of measures,

2, Type name of a new package of measures,

3. Press the "Save’ button in order to assign the selected combination of measures to a package of measures.
To review properties of an existing package of measures:

1 Use "Existing’ combo box to select a package of messures,

2. The tab control displays properties of the selected package of measures.

To delete an existing package of measures:

1. Use 'Existing’ combobox to select a package of measures,

2, Press Delete button.
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Defining management alternatives

To apply a package of measures to one or more analytical units, a spatial allocation has to be made. This

occurs by defining a management alternative. After selecting packages (1.) of measures, the user must

select an analytical unit (2.). Enter a new name for the management alternative and write a description

or select an existing one (3., 4.).

v

(¥4

DE_SN
DE_SN
DE SN
DE_SN
OE_SN
s S

Manual selection of an AU:

Select AUs by clicking onto one or several row headers. You can select all existing AUs at once by clicking
on the left table head.

Interactive selection of an AU:

By ticking the Interactive checkbox, AUs can be aggregated on different levels. Depending on the value

selected from the dropdown list on the top right, you can set one or more elements as belonging to the

aggregation level.

Country: includes AUs inside a country’s administrative borders

State: includes AUs inside a state’s administrative borders

Coordination area: includes connecting AUs inside a working area according to the European
WFD

River Basin District: includes AUs inside a river basin

Catchment: includes all sub catchments in its boundaries

ID: AUs can be selected by their ID numbers

All: All AUs in the project.

To select all AUs at once, select Interactive: All.

By clicking the SAVE button, the selected package of measures is assigned to the selected analytical unit.

A message box will inform you about this action and the review option.
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214 analytical units have been related to LUchangesl.

This assignment is saved as management alternative ycSAVD.

To review the assignment use menu option 'View management alternative!

o ]

Note: A tooltip guides the user through the necessary steps and gives helpful explanations on

the menu point where needed.

i
To define a new management alternative:
1 Select package of measures,
2. Select analytical units.
i3 Type name of a new management alternative or select an existing one.
4. Press the "Save’ button in order to assign selected package of measures to selected analytical units.
To delete an existing management alternative:
{1 L Use ‘Exisiting’ combo box to select a management alternative.
2. Press the 'Delete’ button.
Attention: Results related to the management alternative are deleted as well!
_J

View management alternative

The user can select a management alternative via an existing combobox (1.).
The data grid displays the assignment (2.).
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Selectable measures
In the following, the selectable measures are described in more detail:
Land use changes

These measures take into account:
- Conversion of arable land to grassland
- Restoration of tributaries
- Reduction of drainage areas
- Connection of agricultural areas to surface waters
- Retention ponds for drainageflows
- Conversion of paved surfaces to unpaved surfaces.

n
¥ MONERIS 30 =S|
Model setup  Management altemative settings  Calculation settings  Results
Ma t alternative setti > Define of measures
Select 3 combination of measures:
Landuse changes wmm]Mdelmw[S«mmlmP 2
Convest arable to grassland Other land use changes
Percertage
x of area | Restocation of tributanes
1% 0% Reduction of tie drained areas 0 0-30%
vit-2% 2% Connection of agriculture and suface waters 00-20%
2-4% 0% Reconstruction of wetlands n man rivers. 00-30%
8% 0% Feea o etertn ponds fo tie dramages Dt
>8% 0% Conversion of saalad to unsesied areas 0 0-50%
Save as package of measures I Gear |
New.  Landuse changes Description: [Reduce emsion by landuse changes
Name: -
teo | [ s |

Table 5: Description of measures in the section Land use changes

Measure Description
Conversion arable land to Simulates the conversion of arable land to
grassland grassland. Influences the pathways of

erosion, overland flow and tile drainages.
The percentage of arable land to be
converted can be determined for different
slope classes. A conversion of grassland to
arable land (negative area portions) is not
possible and could lead to errors in the

calculation.
Reduction of tile drained Reduces the tile drained areas, given by the
areas basic information table in %. It is possible to

choose a percentage between 0 and 30%.
This value refers to the currently given tile
drained area.

Connection of agriculture The reduction of emissions via overland flow

and surface water and erosion is simulated by this measure, for
example by buffer strips. The user can
reduce the percentage of agricultural land
which contributes eroded matter directly into
the surface water. It is possible to choose a
number between 0 and 30%. This number
refers to the percentage of total agricultural
area in the analytical unit.

Retention ponds for tile This measure simulates that discharges from

drained areas tile drainages enter into retention ponds
before they enter surface waters. The area
of retentions ponds is given as the hectare
pond area per km?= tile drained area It is
possible to choose a value between 0 and
100%. Considering tile drainage discharges,
the hydraulic load of retention ponds is
calculated and used for the calculation of
retention in retention ponds.

Conversion of sealed to The calculated impervious urban area can be

unsealed areas reduced with this measure. The reduction
does not depend on the population density.
This new not impervious area is not linked to
any land use. It is possible to choose a value
between 0 and 50%.
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Buffer strips

These measures enable the construction of buffer strips for arable land and grassland.

Model setup g lternative settings ~ Calculation settings  Results
Management alternative settings > Define package of measures
Sdod.“hl!old!:m
Land use changes | Buffer strips | 5o wlMdel“ w]Swer“]’

Construction of buffer strips

Aceble land Percertage Wicth

Slope class of area class

M<1x% 0 % 20:2 v/ m

2% 0 % 0:2 »| m

j 2-4% 0 % 0-2 m

] 4-8% 0 % 0-2 m

E>8% 0] % 0-2 m

V] Grassiond 2 % >5-10. %) m
Save as package of measures: Cear
New Bufer stip Description: of buffer strip
Mame: [ 7
[ Ho ] [ Sne |

Soil conservation practices on arable land

These measures take into account:
- Soil conservation
- Contour ploughing
- Intercropping

ndusnchonge| 5o cosecton e G Nk s

27

Soil conservation praclices on arable land
Soil conservation Contour ploughy It
Sicpe P oo EM P oo Effectivensss Percantage Efectivensss
class of >red of measure of area of measure of aea of measure
M<c1% 0% 0 % o % 0} % 0% 0%
Fli2% 0% 0| % 0 % % 0% 0%
@ 2-4% 0% 0% 0% 0% 49 % 0 %
Fla.s% 0| % 0% 0% % 0% 0 %
M>8% 0% 0| % 0l % 0% 0l % 0%
Save as package of measures [E
New:  SciConservation Descrigtion: [irtarcopping. 2-4% siope. 40%
Name: L v]



Table 6: Description of measures in the section Soil conservation practices

Measure Description
Soil conservation practices This measure describes the reduction of soil
reduction on arable land loss on arable land. This adjustment allows

the conversion of conventionally used arable
land, of different slope classes, into
sustainable practice. The estimated reduction
can be evaluated for each slope class in %.

Change of nitrogen surplus

These measures take into account:

Reduction of the nitrogen surplus
o Maximum of fertilizer and manure
o Reduction by agri-environmental measures (AEM), e.g.:
- Soil conservation
- Intercropping
- Extensified grassland
- AEMx: others.

odel setup  Management alternative settings  Calculation settings  Results

Ma t alternative sett > Define of measures

Select a combination of measures:

Land use changes | Buffer stips | Soi conservation practices | Change of N supius | Amosphenc depostion | Sewer * |+
| Aable land | Grassland

Hectverass f " [ Bectvansss
of measure | of measure

020 Okg/hayn) | 0 -20- Okg/hayr)
7.0~ Mkg/hay) | 0/ 0- 70kg/hay)

0 kg/thay)
0/ kg/thay)

) kg/hayr)
0 kg/hay)
U kg/theyr)

Table 7: Description of measures in the section Change of N surplus

Measure Description
Reduction of the nitrogen Applying this scenario, the user can reduce
surplus the mean nitrogen surplus of the calculation

year (the reference year for scenarios) by a
certain amount. The unit is ka/(ha-yr), and
refers to the nitrogen surplus.

Max. of fertilizer and manure This measure states that a certain nitrogen
surplus on agricultural land is not exceeded
{(without the share of atmospheric
deposition).
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Atmospheric deposition

These measures take into account:
- Reduction of atmospheric NHy und NOx depositions

w2 MONERIS 3.0 o||@ e

Model setup ~ Management atemative settings  Cakculation settings  Results

Ma t alternative setti > Define of measures

Select a combination of measures
Land use changes | Sol Joss reduction | Change of Naupius | Atmosphanc depostion Sewer systems | DCTP | Wl + [+

Reduction of atmosphenc Ny depostion 10 0-50%
Reducton of atmosphenc NOx depoation 10 0-50%
Save as package of measures e
New Ao 1 Desopton: [Reduction 10%. 10%
Enstng v
Hebp. Save

Table 8: Description of measures in the section Atmospheric deposition

Measure Description
Reduction of atmospheric Using this measure, the atmospheric
MHy deposition deposition of NHy is reduced within the

selected analytical unit. This measure is
calculated before any other pathways, and
thus influences all relevant pathways as well
as measures such as maximum nitrogen
surplus caused by fertilizer and manure.

Reduction of atmospheric This measure reduces the atmospheric NOx

MNOx deposition deposition within the selected analytical unit.
In the MONERIS calculation this measure is
calculated before any other pathways und
thus influences all relevant pathways as well
as measures like maximum of nitrogen surplus
caused by fertilizer and manure.

Sewer systems

Here, various parameters can be modified that affect nutrient emissions from urban systems, such as:
- Increase of storage volume in combined sewer systems
- Clearing basins for separate sewer discharges
- Soil retention filters for separate sewer discharges
- Inhabitants connected to sewer systems and WWTPs
- Phosphate-free laundry detergents
- Phosphate-free dishwashing detergents
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o2 MOHERS 30 =& "

Model tetup  Management alternstive tettingt  Calculstion teftings Results

M, I allernatives settings > Define ol masasures
Sedect & combenation of messres.
Lﬂmﬁmlﬁm“ﬂm:mdﬂmimmﬂm s""""ll'_\ﬂ""-’!I:I;TI;';'IAF-'.- ]

Ircmase of storage for combined sewer sysinms o B-100%
Claang basne for ssperate sewers decharges o B-50%
5ol reterition fiber for ssperste sewen: dachampes ] 0-m00%

| Inhabtants connescted o sewer systema e also conrected to WWTP

| Pivee Ly ey determents

| Piven dbeater Ssergirth

Save a3 packoge of Beasrea Do
Hrmr [— Dotcrpbion: [Sof et 285 WWTPE. P B
Besting -

Help Save

Table 9: Description of measures in the section Sewer system

Measure Description
Increase of storage for combined This measure simulates the increase of storage volume
sewer systems for combined sewer systems. 100% represents a volume

of 23.3 m3/ha of impervious urban area.

Clearing basins for separate sewer  This measure determines which share of the rainwater,

discharges transported in separate sewer systems, is treated in
storm water sedimentation tanks before it enters the
surface water. For storm water sedimentation tanks, a
retention of 35% for nitrogen and 35% for phosphorus is

estimated.
Soil retention filters for separate This measure states which share of the rainwater
sewer discharges transported in separate sewer systems is treated in soil

retention filters before it enters the surface water. For
soil retention filters, retention of 80% for nitrogen and
45% for phosphorus is estimated.
Portion of inhabitants connected to  This measure expects that all inhabitants connected to
sewers and WWTP sewer systems are also connected to WWTP. This
measure does not consider inhabitants that are
connected to DCTP or septic tanks.

Small waste water treatment plants

The tab DCTP contains measures to reduce the nutrient emissions via decentralized treatment plants.
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£57 MONERIS 30 Bets’

Select 5 combination of measures:

Save as package of measures.
Hen DCTP_

Modd setup  Management asitemative settings  Calculation settings  Results

Management allernative settings > Define package of measures

Mamfﬂwmwm%&mwdﬂmimm | Sewer systems | OCTP ;V-‘ 848,

Table 10: Description of measures in the section DCTP (decentralized treatment plants)

Measure

DCTP without or with public
sewer systems fulfil DIN2

DINZ + additional
phosphorus-removal for
DCTP

DCTP with public sewer
systems, transformed to
virtual WWTP

DCTP without public sewer
systems, transformed to
virtual WWTP

Virtual WWTP with additional
phosphorus-removal

Description

Some older DCTPs do not fully comply with
the current standards (DIN2), but operate
according to DIN1 (TGL). "Standard” means
that the current technical status is not
changed. "DINZ2fulfilled” implies that the older
DCTP operates according to the newer DINZ.
For DIN1/TGL a retention rate of 10% for
nitrogen and 7% for phosphorus is assumed,
whereas for DINZ2 the retention rates of 15%
and 13% respectively are assumed.

This measure assumes that all DCTPs are run
according to DIN 2, and that they have
phosphorus elimination.

For this measure it is estimated that all
inhabitants connected to DCTPs (and thus to
a public sewer system) are also connected to
a WWTP, which might be virtual, as it is not
yet built.

This measure is analogous to the previous
measure, except that it is valid for the sewer
systems that are not connected to a public
sewer system. As the connection of virtual
WWTP is not always possible, the user can
set the percentage of inhabitants.

If the above mentioned measure "DCTP
with/ without public sewer systems,
transformed to virtual WWTP™ apply
(meaning virtual WWTPs exist), this measure
implies phosphorus removal for these
WWTPs.

Wastewater treatment plants (P and N concentrations)

In the tabs WWTP P and WWTP N, the effluent concentrations for single WWTPs of a certain size

(referring to the number of connected inhabitants) can be defined.

The user can only set concentrations in the range of suggested values. Generally, the concentrations

should correspond to the target values of the EU directive for waste water.
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Model setup  Management alternative settings  Calculation settings  Results

t alternative ' > Define of measures

Select a combenation of messres
Solloss reducten | Orange of Nuphun | Aemosshenc deposton | Sewet symems [OCTE | WWTP P [wiwTe |+

<«——— P concentration WWTP

om not ndvidushzed rverts
» 0-50% <——— Reduction of discharges

Now wWWTP P Descrption: [B segiction 304

Table 11: Description of measures in the section WWTP-P (wastewater treatment plants — phosphorus):

Measure Description
P concentrations according This measure assumes that waste water treatment
to quality classes efficiency is increased and concentrations are

reduced. If concentrations are already lower than
an assumed threshold, they will remain

unchanged.

Seloct a combination of meansres

- N concentration WWTP

- Reduction of discharges

Gex

[ reducton 300

Table 12: Description of measures in the section WWTP-N (wastewater treatment plants — nitrogen)
Measure Description
N concentrations according This measure assumes that waste water treatment
to quality classes efficiency is increased and concentrations are
reduced. If concentrations are already lower than
an assumed threshold, they will remain
unchanged.
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6. Calculation settings

Via the menu Calculate settings the user can choose between:
- Calculate single years
- Calculate hydrological conditions.
The following calculation settings can be set for both options:
Monthly Results
Optionally, the annual results can be disaggregated to monthly results. Therefore, the input database
has to include monthly input data. If the option Monthly results is activated and monthly input data is

missing, a message box will appear:

[ B
Moneris ﬁ

Monthly input data is incomplete for
Monthly runoff(Standard)
Maonthly precipitation(Standard)

Monthly splitting factor (values from 0: all discharge remains in main river to 1: all
discharge is bypassed)(Standard)

Menthly water temperature(Standard)

Write results to text files

Optionally, text files with temporary results can be created. The text files are saved in a sub directory of
the directory where the output database is stored (Moneris-Out.mdb). Using select all, copy and paste
(Crtl +A, Crtl +CandCrtl +V), the content of these files can be moved to an Excel sheet easily.

The following text files are created in sub directory Results_<Date>_<Time>:

Table 13: Text files

Name Description

BasicsLongTerm.txt Basic calculation for long term conditions
(calculated by Basics module).

Basics.txt Basic calculation for selected years
(calculated by Basics module).

Mitrogen.txt Temporary results calculated by module
Emission Nitrogen module.

Phosphorus.tbxt Temporary results calculated by module
Emission Phosphorus module.

AnnualResults.txt Annual results

MonthlyResults.txt Monthly results

Outlet for impact ratio calculation:

To enable calculation of the impact ratios, the user needs to select an analytical unit to serve as the
outlet area. This is not necessarily the area located at the outlet of the total river basin, because, for
example in case of the Odra, emissions or loads entering the backwater can be more interesting.

Impact ratios for both nitrogen and phosphorus are calculated for each analytical unit. This ratio
between load and emission serves to establish the impact of each AU with respect to the total nutrient

burden in a river system.
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Calculation uses the following formula:

Load (analytical unit)/ Total load at outlet

Emission (AU)/ Sum of emissions in the outlet’s total river basin

Selection of area outlet in the GUI:

The Select OL button in the dialogs Calculate hydrological conditions or Calculate single years opens a
dialog to select an analytical unit. Impact ratios for all analytical units in the total river basin of the
selected outlet are calculated with the above mentioned formula.

Quthet for impact ratio calculation:

Select one outel

Selection of analytical units: refer to section Defining management alternatives.

Select analytical units
Select analytical units by interacive or manual selection
| 7] Interactive
10 Country Suge °°°'m““"°" ¢
150941 DE DE_NI Tidesbe
50842 'DE 'DE_NI [ Tideatse
50843 DE |DE_NI Tdesbe
50944 'DE 'DE_NI Tdeabe
50945 DE 'DE_NI Tidesbe
| 50345 DE 'DE_NI | Tidesbe
‘ 50947 0E [OEN Tidesbe
50948 DE DE_NI Tidesbe
. 50349 DE \DE_NI Tidesbe
50950 'DE 'DE_NI | Tidesbbe
' 59999 o0& 'DE_MV lndefined [
|
} ;

Constants setting

Chapter View and edit constants describes how to modify the standard values of constants and save
them as a re-usable setting of constants. Optionally, one of the pre-defined setting of constants can be
used for the model run.

Reference year for N surplus calculation

Regarding country wise input data, it is possible to choose one reference year by which to investigate
temporal changes of nutrient surpluses. When 2005 is chosen as reference year, development of the
nitrogen surplus until 2005 is used for the calculation. This can be important for calculation of the mean
nitrogen surplus during the groundwater residence time.

Saving results to the database:

Calculation results can be filed to the results database via Results > Save results (see chapter 7). They are
written to the tables TimeSeries and TimeSeriesValue. For example, the impact ratios are filed to
TimeSeries.Namelmpact ratio TN or Impact ratio TP, respectively, and their according values are laid
down in the TimeSeriesValue-Table:
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Calculation of single years

Only those years for which input data are available are offered in the drop down menus (1.).
Management alternatives are not considered in calculations based on single years.

In a second step, additional result types are selected via checkboxes (2.). Based on single years, only
mont