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ADJOINT PARAMETER ESTIMATION OF TIME-VARYING WIND DRAG
COEFFICIENT FOR AN EKMAN MODEL

LI Guo-Qing', GAO Yan-Qiu®>, ZHANG Ji-Cai'
(1. Institute of Physical Oceanography, Ocean College, Zhejiang University, Zhoushan 316021, China; 2. State Key Laboratory of
Satellite Ocean Environment Dynamics, Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China)

Abstract Based on the time-varying parameters, we used the adjoint assimilation method to invert the time-varying
wind drag coefficients (WDCs) in the Ekman model. The method is testified by running twin experiments and practical
experiments. In the twin experiments, the response of estimated WDCs to different influencing factors is studied, including:
distributions of wind speed, distributions of WDCs, initial guess values, number of independent parameters, observation
errors, and layers of observations. The results of twin experiments verified the effectiveness of the time-varying WDCs in
the Ekman model. The results are followed. 1. The different distributions of WDCs can be successfully inverted under
different wind speed distributions. 2. The inversion result is sensitive to the values of initial guess; therefore, the initial
guess should be as reasonable as possible to improve the results and reduce the convergence time. 3. The selection of the
number of the independent WDCs can significantly affect the inversion results. 4. The observation error can affect the
inversion results, and reasonable inversion results can be obtained with maximum error below 20%. 5. The inversion
results are more sensitive to the surface and subsurface observations, which is determined by the physical dynamics of the
Ekman model. In practice, the observed Ekman current components are obtained from Bermuda Testbed Moorings by
removing the periodic tidal components and the geostrophic components. Then the observed Ekman currents are
assimilated into the model to invert the time-varying WDCs during the observation. By comparing the simulated with the
observed velocities, we proved that the adjoint assimilation method could derive reasonable time-varying WDCs from
measured data, which is a useful attempt to determine the WDCs for ocean models.

Key words adjoint assimilation; wind drag coefficient; time varying; Ekman layer model; parameter
estimation



