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• Formation
• How common are they over the Baltic Sea?
• Implications for wind power
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• Absolute criterion, relative criterion or a mix

LLJ = low-level jet



• land surface cools  stable stratification  suppression of turbulent 
transport of momentum  pressure gradient force is unbalanced 
speed-up of the wind  an LLJ core is created just above the decoupled 
lower part of the surface layer



• land surface cools  stable stratification  suppression of turbulent 
transport of momentum  pressure gradient force is unbalanced 
speed-up of the wind  an LLJ core is created just above the decoupled 
lower part of the surface layer

• advection of warm air over a cold surface  stable stratification  ...

• the sea-breeze circulation
• katabatic winds in complex terrain
• cold fronts
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• MERRA2: global, 3 h, 40 km x 55 km
• ERA5: global, 1 h, 17 km x 31 km
• UERRA: Europe, 1 h, 11 km x 11 km
• NEWA: Europe, 30 min, 3 km x 3 km
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• Waves feed energy into the surface layer  wind speed 
increases from below

Weak LLJ

Idealized

Transition

LLM

Negative

Strong LLJ

Lidar data from Östergarnsholm

Hallgren, C., Arnqvist, J., Nilsson, E., Ivanell, S., Shapkalijevski, M., Thomasson, A., Pettersson, H. and Sahlée, E. (2022): Classification 
and properties of coastal wind profiles with negative gradients – an observational study, Wind Energy Science, 7 (3), 1183–1207



Weak LLJ

Idealized

Transition

LLM

Negative

Strong LLJ

Hallgren, C., Arnqvist, J., Nilsson, E., Ivanell, S., Shapkalijevski, M., Thomasson, A., Pettersson, H. and Sahlée, E. (2022): Classification 
and properties of coastal wind profiles with negative gradients – an observational study, Wind Energy Science, 7 (3), 1183–1207



Hallgren, C., Arnqvist, J., Nilsson, E., Ivanell, S., Shapkalijevski, M., Thomasson, A., Pettersson, H. and Sahlée, E. (2022): Classification 
and properties of coastal wind profiles with negative gradients – an observational study, Wind Energy Science, 7 (3), 1183–1207



Hallgren, C., Arnqvist, J., Nilsson, E., Ivanell, S., Shapkalijevski, M., Thomasson, A., Pettersson, H. and Sahlée, E. (2022): Classification 
and properties of coastal wind profiles with negative gradients – an observational study, Wind Energy Science, 7 (3), 1183–1207





Thank you for your attention!
This research was funded by the Energimyndigheten (the Swedish Energy Agency) VindEl program, 
Grant Number 47054-1 and with support from STandUP for Wind, SMHI and Uppsala University


	Coastal effects on the Baltic Sea wind profile
	Outline of the presentation
	Processes in the coastal zone affecting the wind profile
	Processes in the coastal zone affecting the wind profile
	Processes in the coastal zone affecting the wind profile
	Processes in the coastal zone affecting the wind profile
	Processes in the coastal zone affecting the wind profile
	What is the LLJ?
	Formation of the LLJ
	Formation of the LLJ
	How common are LLJs over the Baltic Sea?
	How common are LLJs over the Baltic Sea?
	How good are reanalyses in capturing the wind profile over the Baltic Sea?
	How good are reanalyses in capturing the wind profile over the Baltic Sea?
	How good are reanalyses in capturing the wind profile over the Baltic Sea?
	Other types of wind profiles
	Other types of wind profiles
	Other types of wind profiles
	Are non-idealized wind profiles affecting the turbulence?
	Are non-idealized wind profiles affecting the turbulence?
	Summary and conclusions
	Thank you for your attention!

