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Abstract Several dynamical methods used in predictability studies for numerical weather forecasting and climate
prediction are briefly introduced. For the first type, the methods of linear singular vector (LSV), conditional
nonlinear optimal initial perturbation (CNOP-I), Lyapunov exponent, and nonlinear local Lyapunov exponent (NLLE)
are reviewed. The LSV and CNOP-I have been used to estimate maximal forecast errors and to identify sensitive areas
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in the initial stages of weather and climate prediction. Because the former method is based on a linear model and has

limitations in determining nonlinear atmospheric and oceanic motions, the latter is recommended for use in

nonlinear models. The Lyapunov exponent and NLLE have been used to study predictable time issues. The

former is based on linear models; therefore, it cannot be used to explore nonlinear effects. However, the latter

considers these effects and can be used to more accurately estimate maximal predictable time in actual

weather and climate prediction. For the second type of predictability study, this paper reviews only the method of

conditional nonlinear optimal parameter perturbation (CNOP-P). The CNOP-P can be used to search parameter

perturbations that largely affect the forecasts and to determine those that should be verified by observation. A comparison

of forecast errors brought by CNOP-I and CNOP-P can be used to determine whether the model or initial state should first

be improved.
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Fig. 1

Typhoon Matsa Temperature (shaded) and wind (vector) components of conditional nonlinear optimal perturbation (CNOP) and linear singular vector

(LSV) at 0=0.7 with different constraint / over a 24-h optimization time interval initialized at 0000 UTC on 5 Aug 2005 (the boxes indicate the verfication

area. D indicates the initial position of the cyclone. The same pattern of the LSV with different constraint shows the linear feature. When the constraint is

small, the linear approximation is tenable since the CNOP shows the same pattern as the LSV. When the constraint is large, the nonlinearity acts and there is

notable difference between CNOP and LSV) (Mu et al., 2009)
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Fig. 2 The SSTA (left column) and the thermocline depth anomaly (right column) components of (al, a2) CNOP and (b1, b2) LSV in the tropic Pacific from the

Zebiak-Cane Model (Xu, 2006)
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Fig. 3 Ensemble mean of the seasonal growth rate for the CNOP-type errors and the LSV-type errors for the El Niflo events. The start months of the
predictions are (a) Jul, (b) Oct, (c) Jan, and (d) Apr (Duan and Mu, 2009)
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system as a function of time (Ding and Li, 2007)
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