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The Observing Systems Simulation Experiment (OSSE) is a very powerful and widely applied
approach to evaluate observing systems and data assimilation methods in numerical weather
prediction (NWP). In the OSSE, we generate a nature run (NR) using a model and simulate
observations by sampling the NR. An independent model run with data assimilation of the
simulated observations mimics an NWP system, and we compare it with the NR to evaluate the
observations and data assimilation method. In this study, we extend the OSSE and design the
Control Simulation Experiment (CSE), in which we add perturbations to the NR and try to modify it
to a desired state. Investigating what perturbations are effective to avoid a high-impact weather
event would be useful to understand the controllability of such an event. Since the weather system
is chaotic, and even more so for disturbances, small differences generally lead to big differences,
particularly for high-impact weather events. This suggests potentially effective control, i.e., small
interventions would lead to big differences for high-impact weather events. The chaos control has
been studied extensively in the field of dynamical systems theory, but taking advantage of
dynamical instability to avoid certain trajectories has not been a main focus to the best of the
authors’ knowledge. We first tested this idea with the Lorenz-63 3-variable model and performed
an OSSE with an ensemble Kalman filter (EnKF). We extended the OSSE by adding very small
perturbations (only 3% of the observation error) to the NR and found an effective approach to
control the trajectory to stay in one side of the Lorenz’s butterfly attractor without shifting to the
other. Following the implications and understandings from the Lorenz-63 model experiments, we
tested with the Lorenz-96 40-variable model to avoid the occurrences of extreme values,
mimicking to avoid extreme events in NWP. Finally, we further extended the idea to test with
realistic global and regional NWP models. This presentation will summarize the concept and
methodology of CSE with some proof-of-concept demonstrations with the toy models and realistic
NWP models. This is an attempt to a potential paradigm change of NWP research from decades of
predictability to the new era of controllability.
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