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Why modelling 18807

o status of coastal and transitional waters assessed using
reference conditions, for which historical periods are
considered

o Several modelling studies using inconsistent approaches
and providing differing results

o for German Baltic Sea catchments in 1880 (Hirt et al.
2014)

o For North Sea catchments in 1880 (Gadegast & Venohr
2015) and in 1900 (Blauw et al. 2019)

o Objectives:

o Revised historical N and P emission scenario for 1880
for all German North Sea and Baltic Sea river basins
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How does 1880 looks like?
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Das Regengebiet far den mittleren Stadtteil berechnet sich zu
57y ha, far den Ustlichen Stadtteil zu 165 ha

Die maximale Niedorschlagsmenge st zu 125 Sekl. pro Hektar
angenommen.

Die Abflubzil ist zu 60 Proz. der niederfallenden Regommenge
berochnet, also zu Sekl. auf das Hektar, Die dorchschnittiche tig-
liche Menge des Abwassers betrilgt etwa 150 bis 170 cbm in 24 Stunden.

Die hochste Menge des pro Tag abzufilhrenden Wassers ist be-
rechpet

a) fiir den Ostlichen Stadtteil zu 11 *‘-7” Sekl,

b .« mitteren -
¢ . . westlichen " .
- kl.
Fir diese Hochstleistung wird der Bach im Tllr welcher in der
niichsten Zeit hergerichtet werden soll, vorgesehen. Dersolbe erhiit
einen lichten Querschnitt von 2,560/1,60 m wit einer vertieften Wasser.
rinne von 0,60/040 m, Dieser Wasserabzugsgraben soil betoniert

werden und erhiilt ein Gefille von ca. 3 Proz
nauslisse sind nicht vorhanden,

Durchschnittlich liegen die Kandle mit der Sohle etwa 8 bis 4 m
unter der StraBensoble, so dad in den meisten Stadtteilen eine Keller-
entwisserung maglich st

3625 m, Sei 2530 m, Rahren-
kanile 10280 m,

Bei den durchweg sehr ginstigen Gefilllverbiltnissen sind in den
Kaniilen keine besonderen .\',ml\nn'irhvunnn eingebaut. Die Spilung
erfolgt ganz von selbst bei jedem groferen Niederschiag.

Das Abwasser fliebt bis jetzt obne Klarung in den Bach im Tile
und von da in den Neckar. Nur in einzelnen Anwesen (2. B. Krankea-
baus) wird das Abwasser geklirt. In Verbindong mit der geordneten

dieses W soll such eine Kidir-
anlage vorgesehen werden.

Das Abwasser ist im allgemeinen gut verddnnt, da fortwihrend
2us dem Feuversee wie aus anderen Quellen ganz reines Wasser den
Hauptkandlen zaflieSt.
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Der sodliche und nordliche Staditedl sind mit 7380 Ifil. m ge-
maverten K2 280 Md. m Zemeatrolrkanklen versehen, an welche 53 000
Einwohner uul mnd 320 ha Flache mgnthkus:en sind. Die I(uule
fahren das Ni Fabrik- und Haush 3 bei
vielen Hausanschlossen sind, entgegen der Vorschrift, Alwngrubenul
schldsse hergestelit.

Die Huaptsammler beider Staditeile vereinigea sich nach eveat.
Entlastung durch lings des Rheins verteilte Notausiisse an der Kreuzung
der Kanal- und Friesenhoimer Strafe, manden hier in einom Profil
100/150 em L W, in den Rhein; dort tritt die seit dem Jahre 1882 in
Betrieb befindliche Pumpststion in Titigkeit, sobald der Rheinwasser-
stand 4,50 m an dem Ludwigshafener Pegel Ubersteigt.

AuBer vorgenaanten milnden die Abwiisser ciniger Fabriken, wie
Gebr, Giulini, Dr, Raschig, Gebriider Sulzer. der Badischen Anilin- uad
Sodafabrik, weiter dio Abwisser dor sogenanntea Villenkolonie in den Rhein.
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How does 1880 looks like? oy

o Agricultural production was still a lot of manual work




How does 1880 looks like?

o Agricultural production was still a lot of manual work

o Massive construction of sewer systems in cities

»Besichtigung des corrigirten
Landgrabens durch Sn. Kénigl. Hoheit
den GroBherzog am 3. Januar 1885«
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How does 1880 looks like?

o Agricultural production was still a lot of manual work
o Massive construction of sewer systems in cities

o Collection of faeces (night soil) for fertilizing fields




MoRE (Modeling of Regionalized Emissions)

o All German river basins including

o Analytical units as spatial modeling units
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MoRE (Modeling of Regionalized Emissions)

o Modelling N and P

POINT
SOURCES
o Emission pathways simplified for

1880 scenario:

o No point sources

o Only combined sewers
DIFFUSE
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Input data and model approaches

o Already available data sets for historical conditions

o Land use and population from HANZE 2.0 dataset
(Paprotny & Mengel 2023)

o Connection to sewers based on population density

o Historical water balance with LARSIM-ME (HYDRON
colleagues)

o Based on re-analyses data, using climate change
vectors

o Erosion: adaptation of R and C factors to obtain solil loss
(VisDat colleagues)

100 m population/land

Simulated mean yearly runoff
[mm/year] under 1880
conditions

Legend
Total runoff [mm/year]

[ river basins 500 - 750

Il < 100 750 - 1000

B 100 - 200 1000 - 1250

IO 200-300 N 1250 - 1500
300-400 M > 1500
400 - 500

HYDRON
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Input data and model approaches

o Already available data sets for historical conditions

o N concentrations in interflow/base flow
o N surplus often negative

o Replaced by maximum concentration of 10 mg/L nitrate
(2.257 mg/L N)

o P content in topsoil of arable land

o Barely available from longterm experiments, no clear
trends

o Using the current P content of naturally covered areas
instead

o Many more input data, assumptions, simplifications and
adapted model approaches ...

0 50 100

0
Kilometer

Nitrogen concentra-
tions in groundwater
for North and Baltic Sea
river basins in 1880

Data source:
adapted MoRE model input
data based on Knoll et al. 2020

Legend

N concentration in [mg/L]
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Let's have a look into the
results.




Land use changes Water balance changes

100 100 | o—— —
80— 80—
_ arable land E B water surfaces
X 604 M pasture Y 604 surface runoff
o B naturally covered S tile drainage
5 ® urban areas - interflow
g 40— = water % ™ base flow
— other 3 urban systems
= WWTP
20—
0_
1880 2016-2018 1880 2016-2018
o Decrease of arable land (54 % = 35 %) o Redistribution of water
o Increase of urban areas (~2 % -2 11 %) o Decrease in Interflow/base flow (80 % - 68 %)
o Increase in runoff from urban areas (<1 % US - 5 % US,
10 % WWTP)
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Nutrient emissions into surface waters

14 5

o Nitrogen 12:
o Emissions more than doubled .
o Main pathways Interflow and base flow (85 % = 56 %)
o Presently tile drainage and urban areas increased in . .
importance

Nitrogen [kg/ha)

Atmosp. Deposition

= Erosion
1880 2016-2018 m Tile drainage
B Surface runoff
- B |nterfl
o Phosphorus 0s = Base flow
B urban systems
o Emissions almost tripled 04 = sy
o Historically erosion was the main pathway (35 % - 14 %) T
. 2 03
o Presently urban areas are the main sources (27 % = 54 % 2
o
Us + WWTP) & 0o
o
&
- 1880 2016-2018
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Nutrient concentrations

Phosphorus concentra-
tions in surface waters
for river basins in 1880

o Riverine concentrations in 1880 generally

lower than today

o TP concentrations widely in pristine
range (< 0.05 mg/L)

Data source:
MoRE model results

o Higher concentrations in cities

Legend

P concentration in [mg/L]
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Validation

o Hampered by lack of suitable data from historical Comparison of observed and modelled runoff. Observed runoff was obtained from
period GRDC data (BfG 2024) and averaged for the period 1873 — 1887 (refer to

Appendix A.6).

1000

o Check on plausibility (spatial patterns, value ranges)
and order of magnitude instead fitting individual data

900

800

F00

o Average annual runoff for 11 gauging stations
600

500

400

300 % L

200

modelled runoff [mm/a]

100

0
0 100 200 300 400 500 600 700 800 S00 1000

observed runoff 1873-1887 [Imm/a]
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Validation

o Ham pered by lack of suitable data from historical Figure 30: Observed historical nitrate-N and nitrogen concentrations obtained from literature

. compared to modelled total nitrogen concentrations in surface waters in 1880
period : . )
(Figure 28). Single values of the literature data overlay the boxplots as grey dots.

124 .
- . [ nitrate-N
o Check on plausibility (spatial patterns, value ranges) O nitrogen ®
and order of magnitude instead fitting individual data _. 10| @ modelled concentration
2
T 8-
. . =)
o Average annual runoff for 11 gauging stations B ® °
- : - 2
. . . pd 8 R ? ©
o Most historical literature data on water samples for g 4 3 : ® 8
. ?_, < ! _
nitrogen S L.l - ; E- :
. ]
o Treatment of samples and analysing methods not $ % - ]— @ —
known 0 —‘— —— —
I I | | I I I
o Overall good agreement n=11 n=37 n= 950 n=6 n=16 n=858 n=1 n=10 n=541
Elbe basin Rhine basin Oder basin
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Conclusions & Outlook

o Results represent pre-industrial state with distinct
anthropogenic impacts before the intensification of
agricultural production

o Limitations and uncertainties exist

o Results consistent with historical records and other
modelling studies

o Results shown in MoRE Toolbox: https://stoffeintraege-
more.de/ (presentation Micha Gebel)

o Report to be published

o Results contribute to critical revision of currently
implemented target values for TN and TP for North Sea

and Baltic Sea tributaries (Gericke et al. 2025):
https://doi.org/10.1186/s12302-025-01185-8

Final report

Historical nutrient
emissions and loads in
German river basins of
the North Sea and Baltic
Sea

1880 scenario modelled with MoRE

Umwelt
Bundesamt

Check for
| updates

Are historical conditions reference
conditions? Revising the modeled riverine
nutrient input into the German North Sea
and Baltic Sea around 1880

Andreas Gericke ' ®, Karoline Morlingzﬁ, Ingo Haag3®, Micha Gebel*®, Julia Krumm’®, Georges Bruns-,
Justus E. E. van Beusekom”®, Stephan Fuchs’® and Wera Leujak’
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