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Whereas diffusion limits of stochastic multi-scale systems have a long and successful history, the case of construct-
ing stochastic parametrizations of chaotic deterministic systems has been much less studied. We present rigorous
results of convergence of a chaotic slow-fast system to a stochastic differential equation with multiplicative noise.
Furthermore we present rigorous results for chaotic slow-fast maps, occurring as numerical discretizations of
continuous time systems.

This raises the issue of how to interpret certain stochastic integrals; surprisingly the resulting integrals of
the stochastic limit system are generically neither of Stratonovich nor of Ito type in the case of maps. It is shown
that the limit system of a numerical discretisation is different to the associated continuous time system. This has
important consequences when interpreting the statistics of long time simulations of multi-scale systems - they
may be very different to the one of the original continuous time system which we set out to study.



