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OWFs are planned to occupy LARGE 
regions of the German EEZ and the 
Northern European shelf seas !
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Enhanced OWF turbulence is comparable to 
and can exceed the natural state 
(particularly when concentrated in a narrow 
wake region)!
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•  Question:	Can	OWF-driven	mixing	significantly	alter	
shelf	sea	stratification?	
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•  Question:	Can	OWF-driven	mixing	significantly	alter	
shelf	sea	stratification?	

•  Need	a	diverse	set	of	methods:	
-  Idealised/theoretical	modelling	
-  Field	observations	and	measurements	
-  Numerical	modelling		

à		Multiple	models	over	a	broad	range	of	scales	

Impacts of OWFs on shelf sea stratification)
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Turbulence modelling

Turbulence-resolving	simulation	of	OWF	turbulence:	

Low velocity turbulent wake	

Tidal current	

Offshore structure	
50 m	 Schultze	et	al.	(2020)	
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Turbulence modelling and observations
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Turbulence modelling and observations

LES	turbulence	
simulations	

Carpenter	et	al.	(2016)	
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Idealised modelling -- Observations)

Change	in	stratification	
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Relevance in the German EEZ)

•  Can	OWF-driven	mixing	significantly	alter	shelf	sea	
stratification?	à	YES,	when	built	over	large	regions	

Natural	rate	of		
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Rate	of	OWF	mixing	
(stratification	decrease)	

R	=		
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Summary)
•  OWF	development	is	planned	to	be	widespread	over	the	NW	

European	shelf	but	can	change	rapidly	in	scope.	
	
•  Enhanced	ocean	turbulence	from	OWF	foundations	exceeds	

natural	sources	and	can	affect	mixing	of	stratification	
	
•  First	rough	parameterisation	of	OWF	foundation	mixing	

developed	and	tested.	à	Much	more	needs	to	be	done!	
	
•  The	seasonal	changes	in	stratification	expected	to	be	significant	

when	OWFs	built	over	large	scales,	i.e.,	on	the	order	of	~100	km.	
	
•  These	stratification	changes	can	likely	be	expected	throughout	

the	German	EEZ.	



Future Work)
•  Develop	a	robust	parameterisation	for	small-scale	mixing	in	

OWFs	and	integrate	into	regional	scale	models	
	à	Integrating	the	physical	impacts	into	the	wider	picture	
	à	Study	changes	in	primary	production,	ecosystem	structure	 			
						and	fisheries	over	the	European	shelves	
	à	Run	impact	scenarios	for	various	development	strategies	
	à	Include	coupled	atmosphere-ocean	impacts	

A	tool	to	manage	this	“green”	offshore	
resource	sustainably	and	optimally	
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Important points to consider)
•  Variability	of	stratification	and	residual	currents	in	the	North	Sea	

is	enormous!		à	OWF	mixing	variability	enormous	

•  Many	different	types	of	OWF	foundation	structures	–	each	has	
different	turbulence	production	and	mixing.	

•  Many	processes	not	accounted	for	yet	
à Interaction	with	the	turbulent	surface	mixed	layer	
à Wake-wake	interactions	
à Parameter	space	not	properly	explored	(various	stratification	

strengths	and	structures,	foundation	diameters,	current	
speed,	etc…)	
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