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Lidar Measurements
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D-Var Bogus Vortex
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Karman Spectrum

Large eddy simulation

Vorticity isosurface
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Bogus Vortex Technique
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Four-dimensional variational method (4D-Var)
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Takashi Misaka, Tohoku University
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Assimilation Experiment for ValidationAssimilation Experiment for Validation
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Extraction process follows Extraction process follows 
the actual measurement the actual measurement 
procedure: scanning in procedure: scanning in 
elevator direction, 30 [m] elevator direction, 30 [m] 
averaging in LOS directionaveraging in LOS direction

Simulation of a vortex pairSimulation of a vortex pair

Production of Production of ‘‘virtualvirtual’’ lidar measurementlidar measurement

Reproduction of the vortex pair using Reproduction of the vortex pair using 
the virtual lidar measurementthe virtual lidar measurement

Comparisons of flow field, vortex parametersComparisons of flow field, vortex parameters

Assimilation processAssimilation process

Flow chart of assimilation experiment

Takashi Misaka, Tohoku University
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Bogus Vortex Technique

Takashi Misaka, Tohoku University
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Radial profile of circulation was accurately reproduced 
by 4D-Var with Bogus Vortex Technique

Effect of Bogus Vortex (2) Effect of Bogus Vortex (2) –– Radial Circulation ProfileRadial Circulation Profile ––

Takashi Misaka, Tohoku University
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Effect of Bogus Vortex (1) Effect of Bogus Vortex (1) –– Cost Function Cost Function ––

Reproducibility of velocity distribution on measurement 
plane is confirmed

Reference

Takashi Misaka, Tohoku University
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Vorticity distribution 
Tip vortices are convected 
by horizontal wind and 
merged to one large vortex

Results using Actual Lidar Data (2)Results using Actual Lidar Data (2)
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Takashi Misaka, Tohoku University

AveragingAveraging
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Results using Actual Lidar MeasurementsResults using Actual Lidar Measurements

Lidar measurements

Agreement of velocity distribution 
on measurement plane is confirmed

Reproduced velocity distribution

Takashi Misaka, Tohoku University
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D-Var + Bogus vortex
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