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Abbreviations: 
 
AlgFES  Algenfrüherkennungssystem, LLUR 
AMBI  AZTI Marine Biotic Index 
ARGE  Arbeitsgemeinschaft (river specific) 
AWI  Alfred-Wegener Institut, Bremerhaven, Helgoland, List/Sylt   
BLMP  Bund/Länder Messprogramm 
BQI  Benthic Quality Index 
BSH  Bundesamt für Seeschifffahrt und Hydrographie, Hamburg  
COMP  Comprehensive Procedure 
DIN  Dissolved Inorganic Nitrogen 
DIP  Dissolved Inorganic Phosphor (phosphate) 
DOC  Dissolved Organic Carbon 
EMEP  Cooperative Programme for Monitoring and Evaluation of the Long-range   
  Transmission of Air Pollutants in Europe 
EUC  Eutrophication Commitee (OSPAR) 
FTZ  Forschungs- und Technologiezentrum Westküste, Büsum 
IBMC  Institute for Biogeochemistry and Marine Chemistry, Hamburg 
ICES  International Council for Exploration the Sea, Copenhagen 
LLUR  Landesamt für Landwirtschaft, Umwelt und ländliche Räume Schleswig-Holstein 
MARNET Marines Umweltmessnetz in Nord-und Ostsee (BSH) 
MONERIS Modelling Nutrient Emissions in River Systems 
MTZ  Maximum Turbidity Zone 
MURSYS Meeresumwelt-Reportsystem (BSH) 
NERI  National Environment Research Institute, Univ. Aarhus 
NLKWN Niedersächsisches Landesbetrieb für Wasserwirtschaft, Küsten- und  
  Naturschutz 
NLÖ  Niedersächsisches Landesamt für Ökologie 
N/P  Ratio of Nitrogen to Phosphorus 
NS  North Sea 
POC  Particulate Organic Carbon 
PO4  Phosphate 
Q  Discharge Rate 
RWS RIKZ Rijkswaterstaat, National Institute for Coastal and Marine Management, The Hague
  
SD   Standard Deviations 
Si  Silicate 
SiO2  Silicate  
SPM  Suspended Particulate Matter 
SWD  Surface Water Directive 
TDN  Total Dissolved Nitrogen 
TOC  Total Organic Carbon 
TMAP  Trilateral Monitoring and Assessment Program (Wadden Sea) 
TN  Total Nitrogen 
TP  Total Phosphorus 
UBA  Umweltbundesamt (German Environment Agency), Dessau, Berlin 
WFD  Water Framework Directive 
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By COMP 2 (2001-2005) the inner coastal waters were still assessed as Problem Areas (Brockmann et 
al. 2007, OSPAR 2008). Offshore waters had been assessed as Potential Problem Areas due to 
seasonal oxygen depletion in stratified areas. The whole area is strongly affected by long-distance 
transports of nutrients and organic matter, passing the GEEZ from south/west to north. Trends of 
nutrient concentrations in the main local rivers indicated recent significant decreases for the Elbe and 
Weser, however, these reductions were masked by variable freshwater discharges (for details see § 
5.5). In comparison to COMP 1 subareas have been further differentiated. Salinity gradients have been 
moved towards the coast, restricting the extension of inner coastal waters.  
 
This report documents the third application of the COMP and is based on data of 2006 to 2014.  
 
 

3. Description of the assessed area 
 
The GEEZ covers an area of about 42.262 km2, including the German Bight (about 24.400 km2) and 
the coastal and transitional waters (Fig. 1). 
 
3.1 Coordinates 

 
The coordinates of the GEEZ are shown in Fig. 1 and listed in Tab. 1. At the border to the Netherlands 
near the coast coordinates are not yet determined.  
 

 
Fig. 1 Location of the German Exclusive Economic Zone (GEEZ). Respective coordinates for the numbers / 
letters are listed in Tab. 1.  
 
Tab. 1 Coordinates of the German Exclusive Economic Zone. For a reference to the locations see Fig. 1. 

 
Locations Lat° Lat' Lat'' Lon° Lon' Lon''  Lat [dec] Lon [dec] 
E0 53 43 30.8 6 20 49.7  53.7252 6.3471 
E1 53 45 3.0 6 19 58.3  53.7508 6.3329 
E2 53 48 52.9 6 15 51.3  53.8147 6.2643 
E3 53 59 56.8 6 6 28.2  53.9991 6.1078 
E4 54 11 12.0 6 0 0.0  54.1867 6.0000 
E5 54 37 12.0 5 0 0.0  54.6200 5.0000 
E6 55 0 0.0 5 0 0.0  55.0000 5.0000 
E7 55 20 0.0 4 20 0.0  55.3333 4.3333 
E8 55 45 54.0 3 22 13.0  55.7650 3.3703 
D 55 50 6.0 3 24 0.0  55.8350 3.4000 
S7 55 55 9.4 3 21 0.0  55.9193 3.3500 
S6 55 45 21.8 4 15 0.0  55.7561 4.2500 
S5 55 24 15.0 4 45 0.0  55.4042 4.7500 
S4 55 16 0.0 5 9 0.0  55.2667 5.1500 
S3 55 15 0.0 5 24 12.0  55.2500 5.4033 
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Seasonal thermal stratification is most developed in deeper offshore areas, starting within the ancient 
Elbe valley (Fig. 4), forming the boundary conditions for trapping and decomposition of organic 
matter in enclosed bottom water, causing oxygen depletion.  
 

 
 
Fig. 4 Mean temperature difference [°C] between surface and bottom, July - October 1980-2010 (data source: 
ICES, BSH, IBMC). 
 

 
 
Fig. 5 Annual cycles of DIN and chlorophyll-a concentrations within salinity regimes of the GEEZ (surface, 
2006-2014) ) presented as monthly means and standard deviation. 
 
Most parameters are assessed seasonally, e.g. DIN during winter (XI-II) and chlorophyll-a during 
growing season (III-X). Generally, the division of winter (XI-II) and growing season (III-X) 
corresponds to the seasonal cycling of DIN and chlorophyll-a, with DIN maxima during winter and 
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Fig. 6 Time series of freshwater discharges by the main continental rivers, 1980-2014 (based on daily data).  For 
the Rhine all tributaries are included. 
 
4. Methods and data  
 
4.1 Inventories and confidence of gradients 
 
The assessed area was divided into regular squares (22.2 x 32.2km2, 0.2° latitude, 0.5° longitude) of  
716.5 km2 in order to calculate local means which are used for plotting mean gradients and their 
variability (Surfer, Golden software). Time series were plotted with Grapher (Golden Software) (see § 
4.2).These squares allow an analysis of the sampling distribution in space.    
 
4.1.1 Parameter specifications 
 
Mainly surface samples (< 5m) were considered for nutrients, chlorophyll-a and phytoplankton, 
because  

(i) most of the data are sampled at the surface,  
(ii) nutrient rich river plumes are spreading at the surface of coastal waters and  
(iii) primary production is focussed on the surface in shallow turbid coastal waters.  

 
However, in deeper coastal and offshore waters phytoplankton maxima may occur near the densi- and 
nutricline during summer. Data from near or at the bottom were taken for oxygen means and minima, 
macrophytes and macrozoobenthos. 
 
TN and TP concentrations were considered seasonally and for all seasons as voluntary parameters, due 
to significant correlations between TN, chlorophyll-a and Secchi depth and to check for consistency 
with the inorganic nutrients DIN and DIP. 
 
Ratios (M/M) between DIN and DIP were calculated for the winter time as indicators of the relative 
enrichment of N- and P-nutrients, compared to the Redfield ratio of 1:16 (M/M). As voluntary 
parameters DIN/Si and DIP/Si ratios have also been assessed, assuming that no significant changes 
have occurred for silicate discharges affecting offshore waters since historical reference conditions. 
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Chlorophyll-a means and maxima were both considered but for the final assessment only means were 
used. Phytoplankton indicator species were assessed despite low sampling rates. Remote sensing data 
for chlorophyll-a have been assessed but revealed only weak correlations with ground truth data. They 
were therefore not considered in the final assessment because there was no relevant additional 
information provided by these data. The duration of algal blooms could not be taken into account, due 
to a lack of data with high sampling frequencies.  
 
For the assessment of the ecological status of the WFD the biological quality element (BQE) 
macrophytes is used, based on the abundance/quality of seagrasses as well as of green algae and 
saltmarshes/reeds (for Lower Saxony only). This BQE was also used for the COMP assessment in the 
1 nautical mile zone to align with the WFD. The assessment of the abundance/quality of seagrasses 
under the WFD is restricted to eulitoral areas. 
 
Secchi depth was assessed as an important parameter controlling the light regime. Since the shallow 
coastal waters of the Wadden Sea are characterised by naturally high turbidities Secchi depth was only 
assessed > 1 nautical mile.  
 
Seasonal oxygen depletion in bottom waters is mainly controlled by stratification. Oxygen saturation, 
as the physiological most important parameter, was calculated from oxygen concentrations, salinity 
and temperature (Benson & Krause 1984). Oxygen minima have also been assessed since even short-
lasting oxygen depletion can have significant effects (Topcu & Brockmann 2015).  
 
The assessment of macrozoobenthos was based on dry weight in offshore waters, correlated with 
chlorophyll-a, allowing calculations of consistent thresholds. In coastal waters (1 nautical mile) the 
assessment of the BQE macrozoobenthos under the WFD has been used to align with the assessment 
of ecological status. 
 
The voluntary parameters TN, TP, Si and their ratios were handled similar to the other nutrients. 
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Data  have been provided by FGG Elbe, Weser, Ems; AWI, BAH, Helgoland + List, Wiltshire (2004); 
BSH + MUDAB, DOD, Hamburg; ICES, Copenhagen; EMEP, Bartnicki & Fagerli 2006; FTZ, 
Büsum; NLWKN Brake-Oldenburg; LLUR, Flintbek-Kiel; K. Reise, AWI,  NERI, Roskilde, DK; 
RWS RIKZ, The Hague, NL (Fig.7). Reports on the regional development of macrophytes have been 
considered as well as other publications with regional relations.  
 
 
4.1.3 Confidence: data coverage and variability 
 
Sampling locations were nearly randomly distributed within the GEEZ, with increasing density 
towards the coasts where most eutrophication effects were observed (Fig. 7). 
 
 
 

 
 
Fig. 7 Locations of stations and occasional samplings by the different institutions. Parameters are not specified. 
 
The number of samples per area and regional variability of data have been compiled within the 
assessment tables (Annex Tab. A 25 and following). For DIN as an example the number of samples 
per square is presented (Fig. 8), reflecting the degree of regular spread samplings, indicating the low 
data density in outer coastal and offshore waters and high sampling frequencies at frequently sampled 
coastal stations at Norderney and Helgoland. This is the predominant sampling pattern for all key 
parameters. Means located on a square-line have been associated to the northern/eastern square. 
 

 
Fig. 8 DIN [n/square], winter (XI-II) means 2006 - 2014, surface data, square sizes 716.5 km², empty 
squares: no sampling. 
 

Chlorophyll-a, cells of Phaeocystis spec. and other cells of phytoplankton indicator species have 
mostly been sampled in near coastal waters (Fig. 9 & 10). 
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Fig. 9 Chlorophyll-a [n/square], growing season (III-X) means 2006 - 2014, surface data, square size 716.5 km2, 
+0 indicates sampling for other parameters, empty squares: no sampling. 

 
 

 
Fig. 10 Phytoplankton sampling locations 2006-2013. 

 

AWI, Helgoland Roads: diatoms, flagellates, Phaeocystis, Noctiluca 
List: only flagellates and diatoms 2006-2013; LLUR, AlgFes 2006-2014;  
BSH Monitoring 2008 -2011 (March and Oct/Nov); NLWKN Whv 2009, 2010, 2012, 2013, Norderney 2006-2013 
 
Data for macrophytes were only available for intertidal areas.  Beside local field assessments for the 
purpose of ground truthing extension and coverage were analysed by surveillance with airplanes. 
Sampling was performed during the growing season of different years during low tides. 
 
Oxygen was sampled mostly 12 times and mainly during summer (July-September 2006-2014), at 
some coastal stations more frequently (Fig. 11).  
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4.2.2 Confidence of time series 
 
Quality of time series for the assessment periods is indicated by their inter-annual variability within 
the subareas, which is presented together with mean concentrations for direct comparisons in Tabs. 25 
ff. The annual amount of seasonally focussed samplings is also presented in § 5.2. The degree of 
homogenous sampling distribution (e.g. months) during seasonal time periods was not considered 
because inter-annual variability was low, assuming that annual sampling was mainly balanced. For 
these reasons, variability and data coverage were presented for means of the whole period (Tabs. 25ff).  
Confidence of monthly sampling within the subareas was calculated only for chlorophyll-a as an 
example.  
 
4.3 Definitions of assessment levels  
 
The eutrophication assessment 2006-2014 according to the OSPAR Common Procedure was based on 
revised assessment levels. For COMP 1 and 2 assessment levels were derived from natural 
background concentrations by adding a 50% allowable deviation (OSPAR 2008). The background 
concentrations have been based on pristine nutrient concentrations assuming a mainly forested 
Germany without any population. This approach led to assessment levels that were unrealistically low 
and were also not in agreement with the assessment levels used for chlorophyll-a under the WFD. 
Hence, there was a need to revise the approach. The revision focussed on nutrients.  The catchment 
model MONERIS (MOdelling Nutrient Emissions in RIver Systems) was used to calculate historic 
nutrient inputs of 1880 (Gadegast & Venohr 2015). 1880 was assumed to be a suitable reference year 
since anecdotal evidence exists that although there was already a considerable coastal population 
discharging nutrients to the sea, seagrasses were still abundant in coastal waters. Furthermore, for 
1880 historic data were available. Historic nutrient concentrations of 1880 (as a mean over all rivers) 
were 1.63 mg/l for TN, 1.29 mg/l for DIN and 0.04 mg/l for TP.  
 
The rivers entering the German North Sea are characterised by large estuaries that have, in the past, 
retained large amounts of nutrients. Nowadays, this nutrient retention function has been compromised 
by regulating and deepening these estuaries. For the derivation of historic coastal and marine nutrient 
concentrations it has been assumed that the estuaries retained 50% of nitrogen (based on Seitzinger 
1988). For phosphorus, estuaries mainly serve as a source and therefore no retention was assumed.  
Background concentrations for nutrients were then derived by extrapolating historic nutrient 
concentrations of 1880 (for TN and DIN -50% retention, for TP no retention) along salinity gradients 
(calculated based on mean salinities 2000-2005 and recent marine endmembers) into the sea. 
Assessment levels were obtained as usual by adding 50% to the background concentrations and 
adapted to salinity gradients by linear correlations. The resulting assessment levels for TN are higher 
than the old assessment levels but still remain considerably below recent concentrations. The resulting 
assessment levels for DIN and TP are not much higher compared to the old assessment levels. The 
new assessment levels for TN, TP and DIN are summarised in KoRa 2015b. The MONERIS model 
was not able to derive historic nutrient concentrations for DIP. Since this is, however, an obligatory 
parameter in the COMP, assessment levels were derived based on correlations with TP.  
 
Correlations between TN and chlorophyll-a were used to derive chlorophyll-a assessment levels based 
on the revised TN assessment levels. This approach largely confirmed the chlorophyll-a assessment 
levels currently used under the WFD and therefore these were not revised. A weakness of the current 
approach is the linear interpolation of riverine nutrient concentrations into the open sea that disregards 
the high dynamics of coastal and offshore waters. To overcome this weakness work is currently 
undertaken in Germany to use a modelling approach to derive nutrient concentrations based on historic 
nutrient inputs. Depending on the outcome of such an approach there might be a need to further revise 
the assessment levels for nutrients and chlorophyll-a in the future. Meanwhile, the new assessment 
levels for nutrients are used as a basis for the 3rd application of COMP. 
 
Nevertheless, the nutrient assessment levels from KoRa (2015b) could not be applied directly but were 
adapted to recent salinities (2006-2014). Thresholds for nutrient ratios DIN/DIP (16 M/M), DIN/Si 
(1M/M), and DIP/Si (0.06) [M/M] were taken from Redfield et al. 1963. Missing seasonal nutrient 
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Tab. 8 Statistical parameters of the seasonal correlations of annual means versus winter means within the rivers 
as a basis for the calculation of seasonal nutrients assessment levels (in µM). 
 
  DIN as - DIN w  n R² alpha  
Elbe Y = 1.159 * X 35 0.99 <0.1 % 
Weser Y = 1.174 * X 33 0.99 <0.1 % 
Ems Y = 1.270 * X 34 0.99 <0.1 % 
Rhine Y = 1.094 * X 33 0.99 <0.1 % 
Eider Y = 1.389 * X 24 0.99 <0.1 % 
  TN as - TN gs       
Elbe Y = 0.955 * X 35 0.99 <0.1 % 
Weser Y = 0.940 * X 35 0.99 <0.1 % 
Ems Y = 0.893 * X 35 0.99 <0.1 % 
Rhine Y = 0.935 * X 34 0.99 <0.1 % 
Eider Y = 0.877 * X 24 0.99 <0.1 % 
 TP as - DIP w n R² alpha  
Elbe Y = 0.535 * X 35 0.91 <0.1 % 
Weser Y = 0.528 * X 34 0.92 <0.1 % 
Ems Y = 0.397 * X 35 0.83 <0.1 % 
Rhine Y = 0.700 * X 34 0.98 <0.1 % 
Eider Y = 0.583 * X 22 0.95 <0.1 % 
 
For offshore waters recent means (2006-2014) as mixing marine end-members were applied as 
assessment levels because it is assumed that these offshore areas are not affected by eutrophication. In 
effect this means that the acceptable deviation added to the reference conditions was adjusted 
depending on the salinity and varied between 50% for coastal waters and 0% for marine end members. 
Hence assessment levels for offshore areas are not exceeding recent concentrations. Between the 
marine end members as recent concentrations and the river concentrations mixing diagrams were 
calculated to derive assessment levels in coastal waters (Fig. 14 & 15). By this, gradients of threshold 
concentrations were estimated in relation to recent salinities, allowing for region-specific assessments. 
Freshwater discharges (Q) and nutrient loads were calculated for mean freshwater discharges (2006-
2014).  
 

 
Fig. 14 Mixing diagrams for TN and TP between marine endmembers and means of assessment levels for the 
German Rivers and the Rhine for TN and TP (KoRa 2015b). Offshore Endmember = with Dogger Bank, S 34.5-
35, data from all seasons. 
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Fig. 15 Mixing diagrams for winter DIN and DIP between marine endmembers and means of WFD assessment 
levels for the rivers for DIN (based on KoRa 2015) and DIP (from recent correlations with TP). Offshore end-
member means from 1980-2014, S 34.5-35, winter data. 

 
Tab. 9 Assessment levels for nutrients, chlorophyll-a, Secchi depth, macrozoobenthos and total organic carbon 
(TOC) within the different subareas based on mean salinities (2006-2014) for all seasons (as), growing season 
(gs) (III-X) or winter (w). Secchi depth is not assessed in coastal and transitional waters. For the assessment of 
macrozoobenthos in coastal and transitional waters results from the WFD were used. 
 

Area 
Sal 
as 

Sal 
w 

Sal 
gs 

TN* 
as  

DIN 
w 

TN** 
 as 

TN  
 gs 

TP 
as  

DIP 
w 

Chla 
gs 

Chla  
90 th 

Secchi  
gs 

MZB 
gs 

TOC 
gs 

 
   µM µM µM µM µM µM µg/L µg/L m g/m² µM 

OFFO 34.86 34.84 34.88 8.60 7.1 8.5 7.79 0.78 0.59 1.31 2.62 10.56 2.26 39.3 

OFFI 34.56 34.64 34.5 9.47 7.8 9.7 8.82 0.79 0.60 1.48 2.96 9.43 2.56 44.5 

OCNF 34 34.27 33.81 11.13 9.1 11.7 10.67 0.81 0.61 1.79 3.59 7.91 3.10 53.9 

OCEF 33.62 34 33.46 12.25 10.0 12.7 11.62 0.82 0.62 1.95 3.90 7.31 3.38 58.6 

ICNF 29.76 30.29 29.69 23.66 19.0 23.9 21.78 0.93 0.71 3.66 7.32 4.10 6.33 109.9 

ICEF 32.31 32.73 32.1 16.12 13.1 16.8 15.28 0.86 0.65 2.57 5.14 5.68 4.44 77.1 

NF12 29.29 28.28 29.63 25.05 20.2 24.1 21.94 0.95 0.72 3.75 7.50  6.49 110.7 

EF12 30.07 29.1 30.6 22.75 18.3 21.2 19.33 0.92 0.70 3.75 7.50  6.49 97.5 

EW34 25.46 25.19 25.75 36.38 29.1 35.5 32.40 1.06 0.81 5.5 11.00  9.51 163.5 

EF34 26.17 24.46 27.34 34.28 27.5 30.8 28.11 1.04 0.79 5.5 11.00  9.51 141.9 

Elbe-E 3.03 2.82 3.06 102.69 81.7 102.6 93.55 1.73 1.31     472.2 

Weser-E 1.53 1.04 1.74 107.13 85.2 106.5 97.11 1.78 1.35     490.2 

Ems-E 11.11 8.78 12.1 78.80 62.8 75.9 69.19 1.49 1.13     349.2 

all E 5.87 5.24 6.4 94.29 75.0 92.7 84.55 1.65 1.25     426.8 

rivers 0 0 0 111.64 88.8 111.7 101.8 1.82 1.38     513.8 
End-
members 34.5 34.5 34.5 9.65 7.94 9.65 8.8 0.60 0.57      
 
Sal = salinity, MZB = macrozoobenthos (ash free dry weight), MEM = marine mixing end-members (salinity > 34.5),* 
related to salinities all seasons, ** related to salinities during growing seasons, applied e.g. for correlations with chlorophyll a 
 
 
Nutrients ratios, such as DIN/DIP or DIN/Si and DIP/Si are indicative of anthropogenic influences 
(e.g. inbalanced reduction of N and P inputs), assuming that Redfield N/P ratios of 16 (M/M) reflect 
natural conditions. Silicate discharges are less affected by anthropogenic influences in the North Sea 
area and it is assumed that they have not changed since pre-industrial time. Assessment levels for 
DIN/Si and DIP/Si ratios were transferred from recent offshore conditions (salinities 34.4-35, without 
the Dogger Bank area).  
 



24 
 

Chlorophyll-a assessment levels were based on the WFD NEA GIG values and TN values from linear 
correlations between reference values for rivers (KoRa 2015b) and marine end members (MEM) (Fig. 14) 
and recent correlations between TN and chlorophyll a (Fig. 16). Chlorophyll a 90th percentiles and 
maxima were calculated from recent correlations between means, 90th percentiles, and maximum 
values as factor 2 (for 90th percentile) or factor 4 (for maxima). 
 

 
Fig. 16 Recent correlations between TN and chlorophyll-a during growing season in the North Sea, compared 
with correlations in other areas. 
 
Assessment levels for Secchi depth were calculated from TN during growing season (Fig. 17). 
Assessment levels for macrozoobenthos dry weight for open sea areas were calculated from 
chlorophyll-a (Fig. 19) and confirmed by other correlations (Beukema et al 2002, Topcu et al. 2007 b), 
reflecting the dependence of zoobenthos on available biomass. For macrophytes and macrozoobenthos 
in the 1nautical mile zone, WFD assessment levels for the biological quality element macrophytes and 
macrozoobenthos and data from the most recent WFD assessment cycle (2009-2013/14) were used. 
Macrophytes were not assessed in waters > 1nautical mile since their extension is limited due to poor 
light availability in greater depths (except around Helgoland). Data from Helgoland were not available 
for the assessment. 
 

 
Fig. 17 Recent correlations between Secchi-depth and TN concentrations.  
Offshore data 2003-2013: ln(Y) = -0.920 * ln(X) + 4.245, n = 218, R² = 0.580, alpha <0.1. 
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5 Eutrophication assessment 

5.1   Data analyses and presentation, including quality assurance, variability  
       
5.1.1 Nutrient enrichment 

 
5.1.1.1 Nutrient river discharges   

 
Highest mean TN concentrations were found in the Ems, highest TP concentrations in the Eider (Tab. 
12). According to the freshwater discharges weighted mean concentrations (2006-2014) were 254 µM 
TN (3.56 mg/L) and 5.39 µM TP (0.167 mg/L). Inter-annual variability was for the freshwater 
discharges higher than for the nutrient concentrations, affecting the variability of discharges (Tab. 12). 
Direct discharges of nutrients to the GEEZ are dominated by the Elbe and Weser, contributing 145 kt 
TN /y and 6.6 kt TP/y (Tab. 13).  

 
Tab.12 Nutrient concentrations in the main German rivers 2006-14 (annual means). 

 
Elbe Weser Ems Eider Weighted means 

 

Q 
km³/y 

TN 
[µM] 

TP 
[µM] 

Q 
km³/y 

TN 
[µM] 

TP 
[µM] 

Q 
km³/y 

TN 
[µM] 

TP 
[µM] 

Q 
km³/y 

TN 
[µM] 

TP 
[µM] 

Q 
km³/y 

TN 
[µM] 

TP 
[µM] 

2006 23.7 225.2 5.79 7.6 253.3 5.45 2.06 350.5 3.76 0.34 265.9 7.02 33.7 241.0 5.59 

2007 22.2 239.3 5.78 14.6 301.2 5.67 3.27 434.2 5.59 0.46 317.6 8.06 40.5 268.9 5.77 

2008 18.2 231.1 5.82 11.8 287.5 5.32 2.62 364.6 4.40 0.37 269.0 7.50 33.0 254.9 5.62 

2009 19.5 237.8 5.58 7.5 266.7 5.83 2.18 208.7 6.06 0.48 233.9 7.04 29.7 243.6 5.69 

2010 33.1 275.3 4.52 10.6 313.6 6.13 2.36 400.6 3.96 0.46 264.3 7.21 46.5 293.2 4.94 

2011 28.5 261.2 5.22 9.5 244.5 5.48 2.13 332.0 3.91 0.57 235.2 7.84 40.7 260.9 5.24 

2012 18.7 201.9 5.38 7.0 220.8 5.48 1.69 313.7 3.17 0.44 229.8 7.31 27.8 214.3 5.29 
2013 35.7 271.8 4.36 10.8 288.7 5.81 1.63 328.0 5.03 0.39 213.0 7.62 48.6 279.1 4.83 
2014 14.8 219.9 5.71 6.0 242.9 5.32 1.61 344.9 3.72 0.38 222.0 6.67 22.9 233.8 5.49 

Mean 2006-14 23.8 240.4 5.35 9.5 268.8 5.61 2.17 341.9 4.40 0.43 250.1 7.37 35.9 254.4 5.39 

SD 7.16 24.66 0.56 2.75 30.86 0.27 0.54 62.63 0.96 0.07 32.46 0.44 8.69 24.22 0.33 

SD% 30.04 10.26 10.38 28.93 11.48 4.82 24.69 18.32 21.81 16.29 12.98 5.93 24.20 9.52 6.16 
Q = freshwater flow. 

 
Tab. 13 Nutrient discharges for the main German rivers 2006-14 (annual means). 

 Elbe Weser Ems Eider Sum 

 

Q 
km³/y 

TN 
kt/y 

TP 
kt/y 

Q 
km³/y 

TN 
kt/y 

TP 
kt/y 

Q 
km³/y 

TN 
kt/y 

TP 
kt/y 

Q 
km³/y 

TN 
kt/y 

TP 
kt/y 

Q 
km³/y 

TN 
kt/y 

TP 
kt/y] 

2006 23.7 84.2 4.2 7.6 29.8 1.6 2.06 12.4 0.30 0.34 1.52 0.07 33.7 127.9 6.15 

2007 22.2 83.2 3.9 14.6 66.3 2.7 3.27 21.7 0.88 0.46 2.16 0.12 40.5 173.4 7.50 

2008 18.2 65.8 3.0 11.8 53.9 2.2 2.62 16.2 0.51 0.37 1.59 0.09 33.0 137.5 5.81 

2009 19.5 72.5 3.2 7.5 31.3 1.4 2.18 5.1 0.44 0.48 1.77 0.11 29.7 110.7 5.10 

2010 33.1 138.1 4.6 10.6 55.1 2.2 2.36 15.8 0.34 0.46 1.95 0.11 46.5 211.0 7.19 

2011 28.5 125.9 4.4 9.5 41.3 1.7 2.13 13.0 0.34 0.57 1.95 0.16 40.7 182.2 6.54 

2012 18.7 60.0 3.0 7.0 24.5 1.2 1.69 8.6 0.20 0.44 1.42 0.10 27.8 82.1 4.51 
2013 35.7 143.2 4.9 10.8 48.8 2.2 1.63 9.1 0.26 0.39 1.28 0.10 48.6 202.4 7.49 
2014 14.8 47.3 2.6 6.0 21.7 1.0 1.61 8.2 0.21 0.38 1.29 0.08 22.9 78.5 3.92 

Mean 2006-14 23.8 91.1 3.75 9.5 41.4 1.8 2.17 12.2 0.39 0.43 1.66 0.10 35.9 145.1 5.66 

SD 7.16 35.6 0.81 2.75 15.6 0.55 0.54 5.11 0.21 0.07 0.32 0.03 8.69 49.67 1.42 

SD% 30.0 39.0 21.68 28.93 37.5 30.6 24.7 41.8 54.5 16.3 19.0 24.2 24.2 34.2 19.1 
Q = freshwater flow. 
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Fig. 21 Long-term trends (1980-2014) of annual mean TN concentrations in German North Sea rivers 
with linear regression lines and a zoom-in on recent developments 2006-2014. The concentrations are 
compared against the management level (black line) set in the national Surface Water Ordinance 
(OGewV) of 2,8mg/l (or 200µM). 
 

 
Fig. 22 Long-term trends (1980-2014) of annual mean TP concentrations in German North Sea rivers 
with linear regression lines and a zoom-in on recent developments 2006-2014. 
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Fig. 23 Long-term trends (1980-2014) of annual mean TN concentrations in German North Sea rivers with 
polynomic regression lines. 
 

 
Fig. 24 Long-term trends (1980-2014) in annual mean TP concentrations in German North Sea rivers with 
polynomic regression lines. 
 

 
Fig. 25 Long-term trends (1980-2014) in annual TN loads in German North Sea rivers with linear regression 
lines. 
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Fig. 26 Long-term trends (1980-2014) in annual TP loads in German North Sea rivers with linear regression 
lines. 
 

 
Fig. 27 Long-term trends (1980-2014) of annual TN loads in German North Sea rivers with polynomic 
regression lines. 

 
Fig. 28 Long-term trend (1980-2014) of annual TP loads in German North Sea rivers with polynomic regression 
lines. 
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Fig. 29 Long-term trend (1980-2014) of winter (XI-II) mean DIN concentrations in German North Sea rivers 
with linear regression lines. 
 

 
Fig. 30 Long-term trend (1980-2014) of winter (XI-II) mean DIP concentrations in German North Sea rivers 
with linear regression lines. 

 
Fig. 31 Long-term trend (1980-2014) of winter (XI-II) mean DIN concentrations in German North Sea rivers 
with polynomic regression lines. 

 
Fig. 32 Long-term trends of winter (XI-II) mean DIP concentrations in German North Sea rivers with polynomic 
regression lines. 
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Fig. 33 Long-term trends (1980-2014) in winter (XI-II) DIN loads in German North Sea rivers with linear 
regression lines. 

 
Fig. 34 Long-term trends (1980-2014) in winter (XI-II) DIP loads in German North Sea rivers with linear 
regression lines. 

 
Fig. 35 Long-term trends (1980-2014) in winter (XI-II) DIN loads for German North Sea rivers with polynomic 
regression lines. 

 
Fig. 36 Long-term trends (1980-2014) in winter (XI-II) DIP loads in German North Sea rivers with polynomic 
regression lines. 
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Tab. 16 Sources of TN to the GEEZ areas 2006-2012*  
 
Sources/imports of TN [%] inner CW outer CW offshore 
atmosphere 11.9 16.3 13.4 
GE rivers 52.7 9.6 1.8 
NL rivers 11.8 21.6 14.6 
BE rivers 0.7 1.4 1.1 
FR rivers 3.2 6.2 4.9 
Channel 3.8 7.7 6.2 
UK rivers 5.2 10.9 9.8 
North Atlantic 9.3 23.8 45.9 
* modelled by F. Grosse and H. Lenhart (2015) 
 
Coastal waters of the GEEZ were predominantly influenced by the discharge of German rivers 
(52.7%), while for outer coastal waters and offshore waters the importance of transboundary nutrient 
transport increases (Tab. 16). TN in offshore waters is dominated by the inflow from the North 
Atlantic (45.9%).  Contributions from the Netherlands, dominated by the Rhine, and UK rivers were 
significant for outer coastal waters and offshore waters, as was atmospheric depositions. Data for the 
atmospheric deposition were based on EMEP data in EMoSEM 2015.  According to more recent data 
the contribution by atmospheric deposition in the GEEZ would be much higher (38 kt/yr compared to 
21kt/yr) (Shamsudheen & Bartnicki 2016) (see also chapter 5.1.1.3). 
 
5.1.1.3 Atmospheric nitrogen deposition 
 
The EMEP MSC-W model has been applied to estimate the amount of atmospheric nitrogen 
deposition onto the GEEZ (including the coastal areas, altogether 33.100km2) (Shamsudheen & 
Bartnicki 2016). In 2013 37.7 kt nitrogen deposited onto the GEEZ, of which 58.7% (22.1kt) was 
reduced nitrogen and 41.3% (15.5kt) oxidised nitrogen. Neglecting transboundary nutrient transport 
atmospheric deposition amounts to 20% of the nutrient inputs to the GEEZ, indicating that this 
remains an important source. 
 
Fig. 37 shows the time series of oxidised, reduced and total nitrogen deposition between 1995 to 2013. 
The total nitrogen deposited to the GEEZ of the North Sea in 2013 was only 0.01% less than that in 
1995 and hence remained at the same level as 20 years ago. A significant downward trend in the 
deposition of all components can be noticed in the beginning of the 2000s but then the deposition 
increases towards the end of the decade.  Nevertheless, when the nitrogen deposition was normalised, 
reducing the influence of variable meteorology, a clear downward trend became apparent (Fig.37).  
The normalised total nitrogen deposition decreased from 44.2 kt/yr in 1995 to 34.0 kt/yr in 2013, 
which amounts to a reduction of 23%. The decrease was mainly due to a decreased of the deposition of 
oxidised nitrogen. The normalised deposition of oxidised nitrogen decreased by 35.6% and that of 
reduced nitrogen only by 11.1% between 1995 to 2013 (Shamsudheen & Bartnicki 2016). 
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Fig. 37 Annual deposition of oxidised, reduced and total nitrogen onto the GEEZ between 1995-2013. 
 
A source apportionment has also been carried out by EMEP for 2013 and the 10 major sources and 
their contribution are shown in table 17 below (Shamsudheen & Bartnicki 2016). Oxidised nitrogen 
stemmed mainly from Great Britain, Germany, North Sea ship traffic, France and Netherlands. For 
reduced nitrogen, that is not transported over large distances, almost half of the deposition stemmed 
from Germany, followed by the Netherlands, France, Great Britain and Denmark.  
 
Tab. 17 Source apportionment for oxidised, reduced and total nitrogen deposition to the GEEZ of the North Sea 
for 2013. 
 

Sources  % Contribution to 
oxidised N Source 

% Contribution to 
reduced N Source 

% Contribution to 
total N 

GB 20.8 DE 46.9 DE 35.0 
DE 18.2 NL 18.2 GB 13.3 
NOS 15.0 FR 9.3 NL 12.9 
FR 9.9 GB 8.1 FR 9.5 
NL 5.5 DK 5.9 NOS 6.2 
PL 4.7 BE 2.8 DK 4.4 
BE 4.2 PL 1.8 BE 3.3 
BAS 2.9 IE 1.2 PL 3.0 
ATL 2.7 ES 1.1 ES 1.4 
BIC 2.5 SE 0.7 BAS 1.2 

NOS = North Sea ship traffic, BAS = Baltic Sea ship traffic, ATL = Atlantic ship traffic, BIC = boundary and 
initial conditions 
 
 
5.1.1.4. Source apportionment 
 
The northern catchment area is characterised by long freshwater residence times (> 100 days) of the 
groundwater and the southern mountainous part by short residence times (< 2 days) (Venohr et al. 
2014), affecting the nutrient dynamics.  
 
A source apportionment for nitrogen and phosphorus was carried out using the catchment model 
MoRe. For the time period 2012-2014 43.8% (7.7 kt/yr) of the phosphorus inputs came from 
agriculture and 35.5% (6.2 kt/yr) from points sources (mainly sewage treatment plants). The 
contribution of agriculture has been calculated by summing up erosion, groundwater, surface runoff 
and drainage. For nitrogen 71.0% (250.8kt/yr) of the nutrient inputs came from agriculture and only 
21.2% (75kt/yr) from point sources. Table 18 below shows the full results of the source apportionment 
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for the period 2012-2014. Fig. 38 and 39 show a time series of the source apportionment for nitrogen 
and phosphorus. Since the time period 1983-1987 nitrogen inputs have decreased by 56.0% 
(450.6kt/yr) and phosphorus inputs by 73.8% (49.6kt/yr).  
 
Tab. 18 Nutrient sources within the German catchment area of the North Sea for 2012-2014 (from MoRe, UBA 
2016). 
 
   N in kt/yr N in % P in kt/yr P in % 
Atmospheric deposition 6.9 2.0 0.15 0.9 
Erosion 5.7 1.6 2.74 15.6 
Groundwater 172.5 48.8 3.35 19.1 
Surface runoff 18.5 5.2 0.9 5.1 
Drainage 54.1 15.3 0.7 4.0 
Urban areas 20.7 5.9 3.5 20.0 
Point sources 75.0 21.2 6.2 35.3 
Sum 353.4   17.5   

 
 

 
Fig. 38 Nitrogen inputs in kt/yr from point and diffuse sources into German surface waters of the North Sea, 
calculated with the models MONERIS and MoRe (Source UBA 2016). 
 

 
Fig. 39 Phosphorus inputs in kt/yr from point and diffuse sources into German surface waters of the North Sea, 
calculated with the models MONERIS and MoRe (Source UBA 2016). 
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Fig. 41 Long-term trends in DIN concentrations per assessment area and per river estuary (not including the 
limnic-marine boundary) (1980-2013/14). For the Eider there were no data available since 1994. 
 

 
Fig. 42 Gradients of DIP [µM] in the GEEZ, winter (XI-II) means 2006 - 2014, surface data.  
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Fig. 43 Long-term trends in DIP concentrations per assessment area and per river estuary (1980-2013/14). For 
the Eider there were no data available since 1994. 
 
 
 
 










































































































































