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Oxygen (O2) deficiency and nitrogen (N) inputs 

Which N input sources are most relevant 
for the evolution of O2 deficiency? 

Which improvement can be expected from 
N reductions? 

note: images on introductory slide were removed to avoid copyright issues  



The HAMSOM-ECOHAM model 

•  254 rivers, daily data (van Leeuwen, pers. comm.) 

•  annual atmospheric N deposition (EMEP) 

model bathymetry [m] 

•  three-dimensional, physical-
biogeochemical model 

•  cycles of N, P, C, Si and O2 

•  ~20 km horizontal resolution 
•  31 z-layers 



Nutrient tracing in biogeochemical models 

trans-boundary nutrient 
transports (TBNT) 
(Wijsman et al., 2004; Ménesguen et al., 2006) 

•  tracing of element from specific 
source (e.g., Elbe nitrogen) 
throughout entire ecosystem 

•  quantitative information on in-
fluence of individual input sources 
on ecosystem 

•  source-specific NPP → How to calculate this? 

elemental cycle (e.g., N) 

NPP 



Calculation of source-specific process 
•  NPP: nitrate (NO3

-) → phytoplankton-N (phy-N) 

C … variable concentration 
red … labelled variable/process (*) 

•  general: 
X … variable 
proc … process 



Linking O2 dynamics to labelled N 

• physical processes affecting O2 cannot be linked, but: 

• biochemical processes can 

O2 

O2 

O2 

O2 

+ physics 
    (only O2-dependent) 

ECOHAM: O2 cycle linked to 
        N & C cycles 



Linking O2 dynamics to labelled N 

The content of this slide had to be removed as it 
showed yet unpublished work. 
 
For questions please contact Fabian Grosse 
(fabian.grosse@dal.ca) or Hermann Lenhart 
(hermann.lenhart@uni-hamburg.de). 



Setup of TBNT calculation 

•  sub-domain with three 
open boundaries 

•  North Atlantic (NA) 
•  English Channel (EC) 
•  Baltic Sea (BS) 

•  8+1 river groups 
(OSPAR, 2010) 

•  German (DE) 
•  2 Dutch (NL-1/-2) 
•  Belgian (BE) 
•  French (FR) 
•  2 British (UK-1/-2) 
•  Norwegian (NO) 
•  other small rivers 

•  atmosphere 

TBNT domain and input sources 



Bottom O2 and controlling processes 

lowest bottom O2 (2000-2014) 

O2 deficiency zone (ODZ) gross O2 consumption (GOC) 
•  pelagic remineralisation 
•  benthic remineralisation 
•  zooplankton respiration 
•  nitrification 



GOC during stratification in the ODZ 

•  high year-to-year 
variability in GOC 

•  NA highest 

•  high contributions  
• DE 
• NL-1 
• UK-2 
•  atmosphere 

•  highest GOC in 2002 
•  lowest GOC in 2010 

GOC [mg O2 L-1 d-1] 

year 



Influence of different source types 

•  2002: 

•  2010: 

GOC [mg O2 L-1 d-1] 

→ rivers 

→ adjacent seas 

→ atmosphere 

adjacent seas rivers atmosphere 
year 



WFD-compliant N reductions in OSPAR 

country river DIN ON 
France all 50% 50% 
Belgium all 37% 37% 
Netherlands all 5% 5% 
Germany Ems 50% 37% 
Germany Weser 35% 15% 
Germany Elbe 29% 9% 
UK all 0% 0% 

•  reductions relative to 2006-2012 

•  WFD = European Union’s Water Framework Directive 



Effects of WFD reductions on the ODZ 
GOC [mg O2 L-1 d-1] 

year 

•  2002: 

•  2010: 

adjacent seas rivers atmosphere 

GOC & O2 change 
• 2002 
  -0.05 mg O2 L-1 d-1 

   +0.25 mg O2 L-1 
 
 

• 2010 
  -0.02 mg O2 L-1 d-1 

  +0.18 mg O2 L-1 

REF 
WFD 



Conclusions 
•  biogeochemical modelling and TBNT useful tool for 
assessing role of eutrophication for O2 dynamics 

•  NA and riverine N contributions most relevant for GOC 
in ODZ 

•  direct effect of strong reductions in major N sources 
(German rivers) and 

•  indirect effect of reductions in remote N sources → 
changes in “upstream” regions (e.g., French rivers) 

 

•  well-defined riverine N reductions → O2 increase 
•  current WFD reductions likely require revision 

Thank you very much. 


