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Estimating the covariance matrix is a central problem in portfolio selection. The
foundational shrinkage methodologies developed by Ledoit and Wolf (2004, 2017)
suffer from two drawbacks: they are not designed to optimize out-of-sample port-
folio performance and do not account for estimation errors in the means. In this
paper, we propose a novel shrinkage covariance matrix estimator that addresses
these two drawbacks. Specifically, we calibrate the shrinkage intensities in lin-
ear and nonlinear shrinkage estimators so that they maximize the expected out-
of-sample portfolio performance. We find that this alternative calibration results
in higher shrinkage intensities relative to the traditional approach and delivers a
superior out-of-sample portfolio performance. Overall, our methodology is a one-
step approach that estimates the covariance matrix and the optimal portfolio at
the same time, which delivers large economic gains relative to the conventional
two-step scheme.
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